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ABSTRACT 

The major objective of this study was to determine whether or 

not food production per unit space can be Increased by Intercropping 

summer squash (Cucurblta pepo L.) with mung bean (Phaseolus aureus 

Roxb.) or pinto bean (Phaseolus vulgaris L.). and to identify the 

factors associated with growth and yield of summer squash, mung bean 

and pinto bean under intercropping regimes. 

A series of experiments were conducted during the period: 

Summer, 1977 to February, 1980, at both the University of Arizona, Ex

periment Station, Marana, and in a greenhouse at the University of 

Arizona, Campbell Avenue Farm. 

Intercropping mung beans or pinto beans with summer squash in 

either adjacent rows or within the row did not significantly Influence 

the bean seed yield, although adjacent row intercropping tended to out-

yield the within row intercropping. Summer squash yield was more sig

nificantly reduced by within row intercropping than adjacent row 

intercropping. Root and shoot dry weights of container grown mung 

beans or pinto beans were significantly reduced by intercropping with 

summer squash, but summer squash root and shoot dry weights were not 

significantly affected. 

Intercropping summer squash with either mung beans or pinto 

beans was more beneficial at low nitrogen and phosphorus fertility levels 

than at higher levels. 

xili 



xlv 

Summer squash fruit and shoot dry weights per unit space in

creased with increase in plant population, but they were not signif

icantly influenced by intercropping with either mung beans or pinto 

beans. Intercropping high population summer squash with low popula

tion mung beans or pinto beans reduced both seed and biomass yields of 

the beans. However, increasing the bean plant populations had no in-  ̂

fluence on their seed and biomass yields. Harvest index of mung beans 

or pinto beans was neither influenced by intercropping with summer 

squash nor by increasing the bean plant population. 

Leaf area per unit space increased with increase in plant popu

lation, but intercropping had no significant influence in all cases. 

Specific leaf weight, leaf area-to-leaf weight ratio, and leaf weight 

ratio were neither influenced by intercropping nor by varying the 

plant populations. 

Mung bean seed yield was significantly to highly significantly 

correlated with harvest index and biomass, but highly negatively corre

lated with leaf area index, while pinto bean seed yield was very highly 

correlated with biomass and harvest index. Summer squash fruit yield 

was significantly to highly significantly correlated with shoot dry 

weight, leaf area, leaf area index and specific leaf weight. 

Accumulations of nitrate nitrogen and/or phosphorus in the leaf 

petioles of mung beans, pinto beans or summer squash were neither in

fluenced by Intercropping nor by increasing the nitrogen or phosphorus 

fertility levels. The economic yields of field grown mung beans, pinto 

beans or summer squash were not significantly correlated with petiole 

accumulations of nitrate nitrogen and phosphorus. 



XV 

While summer squash exhibited autotoxlcity, mung bean root 

leachates tended to promote growth of pinto beans and summer squash. 

Food production per unit space was Increased by as much as 76% 

by intercropping summer squash with pinto beans, while intercropping 

summer squash with mung beans increased food production by 63%. Under 

certain plant population combinations, dry matter yield per unit space 

was increased by as much as 185% by intercropping summer squash with 

mung beans, while intercropping summer squash with pinto beans in

creased the dry weight yield by as much as 81%. 



CHAPTER 1 

INTRODUCTION 

One of the most pressing challenges in the world to-day is to 

produce sufficient food for the rapidly increasing population. Some 

experts speculate that the future may see less reliance on land and 

more on novel food sources, such as food from the sea or single cell 

protein or other sources. Food from the sea, including algae farming 

has not shown the potential that was once thought to exist. Pilot 

plants for large scale algae culture established in Japan, U.S.A., 

Israel, Holland and Czechoslovakia for both food energy and protein 

-2 -1 production have yielded 8 to 18 g DW m day , despite elaborate equip

ment for efficient circulation needed both to give each algae cell its 

turn in the sun and to increase access to carbon dioxide (Tamiya, 1957; 

Thomas, 1965). For the foreseeable future it seems that food will come 

from land-based agriculture. 

Agricultural production can be increased in two ways: (1) by 

increasing production per unit land area and (2) bringing more land under 

production. The world's cropland constitutes only 10.9% of the total 

land surface with grassland, forest and other claiming 22.3, 30.2 and 

36.6% respectively (FAO 1972 Production Yearbook). Under the circum

stances, the most immediate way of increasing food from land-based 

agriculture seems to be by increasing production per unit land. 

1 
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Modem man has employed the method of manipulating crops and the 

environment to Increase the land output. Highly sophisticated genetic 

and physiological manipulations have been geared towards understanding 

plant growth and development mechanisms. Crop and soil scientists have 

spared no effort in exploiting all possible avenues of Increasing crop 

yield. However, most western crop scientists have not given attention 

to one of the most ancient crop production techniques: Intercropping. 

Intercropping is growing more than one crop simultaneously on a given 

area. Various authors have described the practice of growing two or 

more useful plants simultaneously on the same area as multiple 

cropping. Intercropping, Interplanting and Interculture. More specif

ic definitions on these and other related terms reviewed by Kass (1978) 

are presented (Harwood, 1975; Ruthenberg, 1971; Andrews and Kassam, 

1976) below: 

1. Multiple cropping: Growing more than one crop on the same 

land in one year (Harwood, 1975; Andrews and Kassam, 1976). 

2. Intercropping: Two or more crops grown simultaneously in 

alternate rows in the same area (Ruthenberg, 1971). A more general 

definition is "growing two or more crops simultaneously on the same 

field in a year" (Andrews and Kassam, 1976). 

3. Interplanting: Long term or biennial crops interplanted with 

short-term annual crops during early stages of plant development 

(Ruthenberg, 1971). 

4. Interculture: Arable crops grown under perennial crops 

(Ruthenberg, 1971). 
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5. Mixed Cropping: Two or more crops grown simultaneously and in

termingled with no row arrangement (Ruthenberg, 1971). 

6. Relay planting: The maturing annual crop interplanted with 

seedlings or seeds of the following crop (Ruthenberg, 1971). According 

to Harwood (1975), if the flowering period of one crop overlaps that 

of the second crop in the field, the combination becomes intercropping 

or, in the words of Andrews and Kassam (1976), relay Intercropping. 

In this study the term intercropping will be used to mean 

growing more than one crop simultaneously on a given area. To a farmer 

who is used to large areas devoted to one productive cash crop, the 

idea of intercropping will seem revolutionary if not impossible 

(Cunard, 1976). However, it is important to recognize the fact that 

unfamiliarity with the idea of intercropping has its roots in the pre

occupation of mass production techniques and in equipment designed es

pecially for harvesting which have hitherto dominated agriculture in 

industrialized countries. The crop production techniques now considered 

the norm for farming in industrialized countries have been developed re

cently to tap the benefits of mechanization by reducing labor, rather 

than utilizing the full potential in the land. 

With the increasing population in both the industrialized and 

non-industrialized countries, the land available for cultivation is at 

a premium. Hence, the potential for continued use of machinery and 

chemicals is questionable. This is more evident in the developing 

countries in tropical Africa, Asia, Central and South America. The 

cost of machinery, fuel and chemicals, coupled with the snail size of 
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farm holdings, makes it difficult, if not impossible, for subsistence 

farmers to use machinery and chemicals in crop production. The need 

for investigating the potential for increasing the land harvest by in

tercropping cannot be over-emphasized, especially where the only 

extra inputs required are the seed and some changes in the planting 

pattern and harvesting systems. Intercropping utilizes the soil re

sources more completely than monocropplng. 

Intercropping is not a recent idea, however, it has been used 

by man since the beginning of plant domestication. Its popularity has 

remained high in tropical Africa, Asia, Central and South America. It 

was only logical that primitive man adopted intercropping, since in 

natural plant communities monospecific stands are less common than 

stands of several species, except in extreme environments such as 

swamps or saline areas. Besides increasing the productivity of all 

the soil, water and solar inputs, intercropping reduces problems with 

pests and weeds. Less labor is required for the maintenance of inter

cropped fields. Planting two or more crops where there might be just 

one, staggers the expenditure of labor over a longer period, resulting 

in steadier and more efficient work for people. Also, when one crop 

does not yield well in a particular season, the companion crop is 

likely to even out the deficit in the harvest. 

Although recently there has been an increasing Interest in in

tercropping, as evidenced In the work done under the auspices of the 

International Institute of Tropical Agriculture (IITA) in Nigeria, 

International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT) in Hyderabad, India, International Rice Research Institute 
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(IRRI) based In the Philippines, and the International Center for 

Tropical Agriculture (CIAT) in Columbia, few if any, sound studies have 

been done on intercropping of vegetable crops. More interest seems to 

be on investigations of field crops. Considering the fact that horti

cultural crops, especially vegetable crops, are more ideal in cases 

where land is scarce, as is the case in the developing, densely popu

lated countries, one cannot over-emphasize the urgent need for studying 

intercropping of vegetable crops. This need prompted the author's in

terest in studying the Influence of Intercropping on growth and yield of 

mung bean (Phaseolus aureus Roxb), pinto bean (Phaseolus vulgaris L.), 

and summer squash (Cucurbita pepo L.). The hypothesis established for 

this study was: Intercropping summer squash with either mung bean or 

pinto bean Increases the food production per unit area of space. 

Incarrying out the study, the following specific objectives were 

formulated: (1) to determine the effects of intercropping and crop 

placement on the yield of mung bean, pinto bean and summer squash, (2) 

to determine the effects of intercropping, nitrogen and phosphorus 

fertility levels on the yields of mung bean, pinto bean and sinmner squash, 

(3) to determine the effects of Intercropping and plant population on 

growth and yield of mung bean, pinto bean and summer squash, (4) to de

termine the effects of intercropping, nitrogen and phosphorus fertility 

levels on the concentration of nitrate-nitrogen and phosphorus in either 

the shoots or leaf petioles of mung bean, pinto bean and summer squash, 

(5) to determine the relationship between the tissue nitrate-nitrogen 

and phosphorus levels and the growth and/or yield of mung bean, pinto 
/ 

bean and summer squash, (6) to determine whether symbiotic relationship 
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or allelopathy exists among summer squash intercropped with either 

mung bean or pinto bean, and (7) to determine whether or not the land 

output can be increased by intercropping summer squash with either mung 

bean or pinto bean. Objectives 1 to 6 were aimed at identifying some 

of the factors the author considers to be associated with growth and/ 

or yield of crops under intercropping regimes. 



CHAPTER II 

REVIEW OF LITERATURE 

Intercropping, the practice of growing two or more crops 

simultaneously In the sane field In a year (Andrews and Kassam, 1976) 

has been Investigated for a long time. However, most of this work has 

been on agronomic crops and little has been conducted on horticultural 

crops. This review covers some of the factors associated with either 

Intercropping or crop yield and growth. The topics covered provide 

Insights Into some factors which the author feels can contribute to

wards the Influence of Intercropping on growth and yield of summer 

squash, mung bean and pinto bean. 

Intercropping and Crop Performance 

Experiments started in 1915 at the Iowa Experiment Station and 

continued until 1925 (Hughes, 1931) showed that with favorable condi

tions, com (Zea mays L.) with beans (Phaseolus vulgaris L.) produced 

91.8% of the grain yield of com alone while under less favorable con

ditions 81.7 and 82.1% of normal yield was produced. Averaging nine 

combinations of rates and methods of planting 2.75 stalks of corn com

peting with 3.87 bean plants per 42 Inches of row produced 85.9% of the 

check yield. When cut as forage, the average for all methods and rates 

was 105.7% of the yield of com alone, with both crops hlll-planted, 

101.5%; com hlll-planted and beans drilled, 109.7%, and with both 

7 
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crops drilled, 108.2%. Wlggans (1934) In his studies on the effects of 

growing corn and soybeans (Glycine max (L.) Merrill) In combination on 

the percentage of dry matter at the Cornell University, found that the 

percentage of total dry matter in corn grown with soybeans was not sig

nificantly changed, but the percentage of dry shelled grain In the total 

dry matter was significantly reduced. The percentage total dry matter 

in soybeans intercropped with com as compared to the monocropped soy

beans depended on the season and such other factors as available N, P 

and water. In a further study to compare the suitability of pole beans 

(Phaseolus vulgaris L.) versus soybeans as companion crop with corn for 

silage, (Wlggans, 1935) indicated that pole beans cultlvar 'Kentucky 

Wonder' could not be grown to advantage with com for silage. However, 

the loss In dry weight production of com In a com and soybean combina

tion was more than made up by the dry weight production of the soybeans. 

In his study on associations of legumes and nonlegumes, Madhock 

(1940) showed that chick-pea (Clcer orientInum) suffers both in growth 

and N content by Its association with wheat, the loss of chick-pea 

amounting to as high as 35 to 40% In size and 14 to 20% in weight. He 

further showed that a single chick-pea plant could support the growth of 

as many as four wheat (Tritlcum oestlvum L.) plants. The relative ef

ficiency of the nitrogen fixation process appeared to be greatest when 

the ratio of chick-pea to wheat was 1:2. The amount of excreted nitrogen 

In the substrate was also greater the larger the number of wheat plants 

associated with a single chick-pea. Senjl (Melllotus pavlflora) lost 

60% In height of plants and about 88% in total dry matter by Its associa

tion with oats (Avena satlva L.) and oats didn't gain significantly by 
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their association with senji. While guara (Cvamopsis peoraloides) suf-

fered immensely in growth by its association with chari (Andropogon 

sorghum), chari gained greatly by its association with guara. Evans 

(1960) has shown that over a wide range of populations, intercropping 

maize or sorghum with groundnuts (Arachis hypogaea L.) generally leads 

to a greater overall crop production per acre than by growing these 

crops in pure stands. 

In their studies on production of com and soybeans in alter

nate pairs of rows, Alexander and Center (1962) found that com inter-

planted with soybeans yielded approximately 30% more than when planted 

alone and on the basis of the area occupied by the crop, soybean yields 

obtained by the intercrop method were about the same as would be ex

pected when planted alone in 36 inch rows. A study on intercropping 

and alternate row cropping of cotton and maize showed that alternate 

row cropping may depress the yield of one crop, but the overall cash 

returns per acre were as high as those from growing cotton and maize 

in pure stands (Grimes, 1962). Evans and Sreedharan (1962) found that 

intercropping, castor-beans (Rlclnus communis L.) with groundnuts had no 

effect on plant population of groundnuts or soybeans. Groundnuts and 

soybeans reduced population of later planted castor beans. However, 

when planted at the same time, neither groundnuts nor soybeans had ef

fect on castor bean population. An overall gain in production per acre 

was realized through Intercropping castor-bean with soybean or ground

nuts (Evans and Sreedharan, 1962). Data obtained by Brown and 

Rosenberg (1970) suggest that photosynthesis should be even more 

strongly favored where plants grown on dry land are sheltered. 



Comparison of yields from plots sown with e single species or a mixture 

from plots sown with single species or a mixture of grass species 

(Whlttlngton and O'Brien, 1968) showed that In the third year of the 

experiment and particularly under grazing management, the yields from 

mixed plots usually exceeded those of the components grown alone. 

This was attributed to the fact that competition was more severe be

tween plants of the same species than between plants of different 

species. 

Agboola and Fayeml (1971) reported that Phaseolus lunatus and 

Mucuna utllls lowered maize yield, while Calopogonlum mucunoides, 

Vlgna sinensis and Phaseolus aureus Roxb. had much less effect on 

maize and were themselves tolerant to maize shade. Maize Interplanted 

with the legumes gave no response to applications of 50 lb N per acre. 

On the other hand, they found that high yields of maize were main

tained during the four growing seasons in both the fertilized control 

plots and those interplanted with different legumes without fertilizer, 

whereas the yield of maize In plots with neither legume nor fertilizer 

was reduced to half of the yield of the first maize crop. Starting 

from the third cropping season, there was a significant Interaction be

tween the presence or absence of legume and fertilizer. Yield of 

legume was significantly suppressed by maize shade. Mixed cropping 

has been credited with attempting to make the most of the potentialities 

of the environment (Amon, 1972). Plant nutrients In different soil 

layers are better exploited and light energy Is more effectively inter

cepted; the risks due to diseases, pests and climatic factors are 
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reduced and also better distributed In mixed stands, while weeds are 

more effectively smothered (Arnon, 1972). 

Investigations by Agboola and Fayeml (1972a) revealed that 

Calopogonlum mucunoldes. Vlgna sinensis and Phaseolus aureus fixed 

nitrogen when planted alone and when Interplanted with com. They 

showed that Phaseolus aureus Interplanted with corn In the early season 

Increased yield of the early com crop but contributed very little to 

the yield of the late crop. Further investigations (Agboola and 

payemi, 1972b) showed that the legumes. I.e., Phaseolus aureus, Vlgna 

sinensis and Calopogonlum mucunoldes either interplanted or rotated 

Increased the yield of corn, the magnitude of the increase for 

Calopogonlum mucunoldes being equivalent to that for the 55-10-55 kg/ha 

of N-P-K fertilizer. Sharma and Singh (1972) found that cross-planting 

maize with cowpea at right angles was the best method of intercropping 

as it increased the dry matter by 10.41 quintals, digestible energy by 

3.0272 X 10̂  Kcal and starch equivalent by 6.32 quintals per hectare. 

The effects of intercropping maize or sorghum with cowpeas, 

pigeon peas or beans were studied by Enyi (1973). Maize had a greater 

leaf area index (LAI) than sorghum regardless of intercropping treat

ments but the difference was much reduced when cowpeas were Intercropped 

with the cereal crops. Intercropping reduced LAI in both cereal crops, 

beans and cowpeas having greater adverse effects than pigeon peas; in 

maize, cowpeas reduced LAI more than beans, and reduction due to inter

cropping was greater in sorghum than in maize. Intercropping sorghum 

with cowpeas or pigeon peas tended to Increase its height, but the op

posite effects were observed in the case of intercropping maize with 



beans or cowpeas. Overall, intercropping sorghum vith pigeon peas in

creased total grain yield per hectare (Enyi, 1973) . Grain yield of 

maize has also been shown to be significantly reduced by intercropping 

maize with pigeon peas, in a mixed stand or alternate rows (Dalai, 

197A). However, maize grown with pigeon peas in alternate rows pro

duced maximum proteins ha ^ week ̂  and absorbed maximum amounts of K, 

Ca, and Mg. 

Sweet com and soybeans planted together in the same row with 

several plant population combinations have shown that acceptable sweet 

com yields can be produced In the summer followed by soybean yields 

of about 1400 kg/ha in the fall after the sweet com harvest (Eeste, 

1976). Different spatial arrangements of intercropping maize with 

soybeans reduced the grain yields per unit area of both crops (Beets, 

1977). Beets (1977) further observed that maize alone with the optimal 

plant populations produced the maximum yield of grain and energy, 

whereas associations of maize and soybeans produced maximum total fat, 

protein, and methionine yields. Associations of maize and soybeans 

used the land more intensely and land equivalent ratios of all inter

cropping systems were higher than of monocultures of maize and soybeans. 

Wahua and Miller (1978a) found that the highest Relative Yield Total 

(RYT) values were obtained at sorghum densities below five plants per 

2 
m when Intercropped with soybeans. 

Growing cereals with groundnuts has demonstrated greater cash 

returns than groundnuts alone (Baker, 1978). Using com as the "base" 

crop and soybeans, snapbeans (Phaeeolus vulgaris L.) or sweet potato 



(Ipomoea batatas Lam.) as the Interplanted "understory" species, Cordero 

and McCollum (1978) have shown that productivity (whether biological or 

economic) can be Increased by forcing economic species to compete In-

terspeclfIcally. They reported an Increase In economic yield of 25 to 

40% as calculated by Land Equivalent Ratio (LER). Francis (1978) stated 

that an impressive potential exists for Improving yields In the bean-

maize cropping system. Investigations conducted at the CIAT In the 

Cauca Valley, Columbia, revealed that maize yields did not differ sig

nificantly between monoculture and associated cropping at harvest 

densities from 3 to 4x10 plants per hectare, in trials with different 

bean cultlvars, bean plant densities, planting systems, and relative 

dates of planting of the two crops (Francis, Flor and Prager, 1978). 

There were no significant differences between systems in maize cob 

diameter, row number, shelling percent, weight per 100 seeds, harvest 

index (HI), proficiency index, total biological yield, or plant height. 

Furthermore, lodging was less severe in an associated culture of maize, 

with an average of 16.A% in association compared to 28.7% in monocrop 

over six trials. Less armyworm attack was observed In associated maize 

crop than in monoculture. Efficiency of land use Increased with addi

tion of beans to the system, and the highest net Income was achieved 

with associated cropping systems. 

Scott et al. (1978) reported that under interspecific competi

tion, the growth rate of tall momlngglory (Ipomoea purpurea L.) Is 

greater than that of soybean even though a greater reduction of its 

growth occurs during the growing season when compared to soybeans, in

dicating that tall momlngglory Is the more aggressive species. Studies 
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conducted by Shorter and Frey (1979) on relative yields of mixtures and 

monocultures of oat genotypes led then to conclude that use of mixtures 

of oat cultlvars or lines to obtain a yield advantage over monoculture 

would not be justified. Fisher (1979) observed that in Kenya, mix~ 

tures are more efficient where pure stand yield levels are low, but 

there is little difference between cropping systems where pure stand 

yields are high. 

Comparisons of Crop Monoculture with Polyculture 

Several methods of comparing crop monoculture and polyculture 

have been employed by different investigators. The simplest method is 

to take the means of the pure-stand-yields and compare them to the 

total yield of the mixture (Donald, 1963). However, this method is 

invalid where species are not similar. The mean of pure-stand-yields 

is commonly used for evaluating polyculture (Donald, 1963). Evans 

(1960) criticized investigators who did not plant pure stands of both 

crops and make the evaluation. He recommended use of a method suggested 

earlier by Llpman (1912) in which the yields per unit area of two crops 

in a mixture are compared with the production of each crop as if it were 

planted in pure stands covering half the area. Morrlsh (1934) and 

Willey and Osiru (1972) were critical of the method of comparison sug

gested by Llpman (1912) on the grounds that there is no reason to assume 

that two crops in a mixture are planted in equal amounts. A change in 

method of analysis developed beginning in 1973 with the advent of new 

methods (IRRl, 1974, 1975; Finchlnat and Oeslsligle, 1974). 
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Mbrrlsh (1934) suggested taking the yield of each crop In the 

mixture, dividing it by the pure-stand yield, and sutraning the two frac

tions. The total yield of the mixture is then divided by this sum, 

which gives the yield that would result from one hectare if the two 

crops were grown separately and then combined in the same proportion as 

in the mixture. The total yield is then divided by this quantity to 

obtain the percentage benefit due to the mixture. Although Willey and 

Oslru (1972) objected to the assumption that two crops in a mixture are 

planted in equal amounts as Morrlsh (1934) did, they used a different 

method of calculation. Van den Bergh (1968) formulated a method of 

analysis which was later reintroduced by the IRRI (1974). Since then, 

the method has been used by many investigators (Francis, Flor and 

Temple, 1976; Crookston, 1976; Crookston and Hill, 1979). The method 

consists of dividing the yield of each crop in the mixture by its yield 

in pure stand to obtain what Van den Bergh (1968) called the relative 

yield. Those can then be summed to obtain the Relative Yield Total 

(RYT), which is also the amount of land needed to produce the same quan

tity of the two crops obtained in the mixture through the use of pure 

stands. Trenbath (1974) presented an extensive review of methods of 

analysis of biomass productivity in mixtures. The RYT was called the 

Land Equivalent Ratio (LER) by the IRRI (1974). The advantage of LER 

is its adaptability for mixtures of more than two crops. Detailed dis

cussion of computations of LER have been presented by Hlebsch (1978). 

Other methods of determining whether polyculture is beneficial 

have been derived from studies of plant competition (de Wit, 1960). de 

Wit (1960) based his model on assumption that two competing species 



would divide a constant environment which he termed 'space'. Donald 

(1963) in attempting to identify situations where polyculture was bene

ficial by comparing the behavior of individual plants in mixtures with 

pure stands proposed the term "competitive index" (CI). The competitive 

index has been used by such authors as Willey and Osiru (1972); and 

Menegay, Hubbell and William (1978). 

Use of such common parameters as dry matter, total digestible 

nutrients, nitrogen, crude protein and kilocalories have been used too 

in comparing intercrops. Cash value or returns per unit of labor were 

common prior to 1940 when researchers were primarily concerned with pro

duction of total digestible nutrients and crude protein, or total 

nitrogen recovery of mixtures and pure stands (Lipman, 1912; Etheridge 

and Helm, 1924; Thatcher, 1925; Hackleman, Sears and Burlison, 1928). 

Pearce and Gilliver (1978) have proposed that if the two crops in a 

mixture could be combined in any way, for example on the basis of 

calorific value or price, the task would be readily accomplished by em

ploying bivariate analysis of variance. Other investigators have ex

pressed yields of polycultures per unit area, per unit time (Andrews, 

1972; Dalai, 1974). The IRRI (1973, 1974, 1975) has attempted to com

pare cropping systems over the same time period so that they are all 

subjected to the same conditions. 

Crop Arrangement 

In small scale farming, crops are usually planted in a rela

tively random fashion (Webster and Wilson, 1966; Ruthenberg, 1971). 

Prior to 1940, in the eastern United States when farmers regularly 
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planted in hills or alternate or cross rows, investigators conducted 

experiments using regular patterns of planting. Such experiments as 

reported by Kinney and Roberts (1921), Etherldge and Helm (1924), Ayres 

(1925), Hackleman et al. (1928), McClelland (1928), Odland (1930), and 

Brown (1935) were geared towards determining the relative benefits of 

regular polyculture planting. Maize yields were often found to be 

least reduced by planting soybeans in hills in the same row as maize 

(Kinney and Roberts, 1921; Ayres, 1925; Hackleman et al., 1928; Brown, 

1935). Soybeans appeared to do best when drilled between rows of maize 

(Kinney and Roberts, 1921; Etherldge and Helm, 1924; Hackleman et al., 

1928; Brown, 1935). Such authors as Etherldge and Helm (1924), 

McClelland (1928), Odland (1930) and Brown (1935) have recommended 

planting maize and soybeans in alternate rows because it would both in

crease protein production and make operations easier. Ayres (1925) and 

Kinney and Roberts (1921), however, recommended alternate hills because 

they resulted in smaller reductions in maize yields. Dalai (1974) 

presented one of the most extensive evidences of the superiority of in

tercropping over mixed cropping. He reported that yield, total dry 

matter, K and N content of maize; dry matter production, Ca, Mg, and N 

content of pigeon peas were significantly higher when they were planted 

in alternate rows than when planted in the same row. Dalai also found 

that soil nitrogen (NĤ  and NC^ ) levels were higher with alternate 

row cropping than mixed cropping. 

Donald (1963) showed that planting patterns did not affect 

yields. Evans (1960) found no difference between maize or groundnut 

yields when grown in alternate rows or uniformly mixed. No significant 



differences In maize and legume yields were observed with or without 

fertilizer In four different cropping seasons when maize was grown In 

the same or alternate rows with mung bean, calopogon or cowpeas 

(Agboola and Fayeml, 1971). Francis et al. (1976) reported signifi

cantly lower bean yields but no effect on maize yields when maize and 

beans were planted in alternate rows rather than In the same row at a 

bean population of 110,000 plants per hectare. Alternate row experi

ments are considered easier to conduct than mixed cropping and may be 

applicable to higher levels of management (Enyl, 1973; Wllley and 

Oslru, 1972; Andrews, 1972). 

The Inteimatlonal Rice Research Institute (1975) reported that 

alternating single rows produce maximum contact of two species and that 

It was beneficial for malze-rlce mixtures, especially at low maize 

populations. However, yields of maize-groundnut mixtures remained the 

same. The IITA (1975) reported that maize yielded significantly more 

when planted In alternate rows with various legumes than when planted 

In alternating four row plots. Chao (1975) showed that greater returns 

due to higher maize yields were obtainable when one row of maize was 

planted for every five rows of soybeans than when two rows of maize 

alternated with ten rows of soybeans. According to Andrews (1972), In

tercropping effects were reduced as the species became more and more 

separated. Kueneman et al. (1979) reported that at a given density, 

plants In more equidistant arrangements significantly outylelded those 

In more rectangular arrangements. For example, plants spaced at 25 x 

25 cm yielded more than those at 76 x 8 cm by 13%, plants spaced at 

20 X 20 cm yielded more than those at 76 x 5 cm by 12% and yields 
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averaged across five genotypes at 30 x 10 cm were 48% larger than those 

&t 60 X 5 cm. 

Plant Populations 

Many researchers have combined two species in different propor

tions or used a range of plant populations in polyculture experiments 

(Evans, 1960; Willey and Oslru, 1972; IRRI, 1974). With either maize 

and soybeans or sweet corn and mung beans, maize yields grew larger anid 

legume yields smaller as maize population was Increased (IRRI, 1973, 

1974, 1975). The International Rice Research Institute (1974) reported 

that benefits of a sweet corn-mung bean association remained constant 

at a particular management level when sweet corn population varied and 

mung bean population remained constant. It was noted th^t maize popu

lation played a greater role in making polyculture beneficial (IRRI, 

1974). Varying role arrangements had little effects on yields at a 

constant population of maize and groundnuts (IRRI, 1975). 

Three methods of combining plant populations in polyculture were 

described by Haizel (1974): the additive method, where each species Is 

planted at the same population as in pure stands; the substitutive 

method, where the total plant population in pure stands and mixtures is 

the same; and the replacement series, where a certain number of indi

viduals of one species is regarded as being equivalent to a single in

dividual of the other species and this relationship is ued to determine 

the populations in polyculture. The additive method has been used by 

Agboola and Fayemi (1971) and by Evans and Sreedharan (1962); the sub

stitutive method by Grimes (1962), and Dalai (1974); while the 
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replacement series was used by Willey and Oslru (1972) and Osiru and 

Willey (1972). Andrews (1972) used population combinations whereby the 

populations of both species in the mixture are reduced as well as in

cluding some reduced populations of pure stands. 

Plant Competition for Soil Factors 

Crist and Stout (1929), in their study on the relation between 

top and root size in herbacious plants, found that the top/root ratio 

varied with experimental conditions. The top/root ratio was increased 

with the application of superphosphates either alone or with raw 

sulfur on a fertile fine sandy loam soil as well as with progressive 

improvement of fertility in a very poor medium sandy soil. On the 

other hand, the top/root ratio was lowered by long-day illumination. 

A quantitative study made on the number, length, and total exposed 

surface area of roots and root hairs of rye plant (Secale cereale L.) 

(Dittmer, 1937) showed that the surface area of subterranean parts was 

130 times that exposed by the top. Haynes and Sayre (1956), in their 

study on the response of corn to within-row competition, found that for 

individual plants, the normal root extension changed from circular to 

oblong as a consquence of inter-plant competition where plant spacings 

within the row are decreased below 8 inches. Cohen (1970) stated that 

because of competition and selection, a high efficiency is to be ex

pected in nature only when the root systems of individual plants are 

not close to the soil surface and are not overlapped by the root systems 

of other plants. Crossett, Campbell and Stewart (1975) conducted ex

periments in which normal patterns of development were distributed by 
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removal or desiccation of parts of the root system or its partition be

tween environments on different temperatures. The results demonstrated 

a clear dependence of the development of any part of the root system 

upon that of the remainder. 

Kellerman and Wright (1914) in their study on the mutual in

fluence of certain crops in relation to N concluded that the effect of 

a given crop upon two different soils may be very different both in re

gard to its effect upon the total soil N and upon the nitrifying power 

of the two soils. Nowotnowna (1937) found that the total yield of dry 

matter of rye-grass (Lolium perenne L.) grown in the presence of inocu

lated (a) peas (Pisum sativum L.) (b) red clover (Trlfolium pratense L.) 

and (c) serradella, in sand with no added N, after thirteen weeks, growth 

was increased by about three times In peas-rye-grass series, twice in the 

clover-rye grass erles, and nearly twice in the serradella series in com

parison with the yield of rye-grass grown alone. The N percentage and 

total N yield of rye-grass were greatly Influenced by associated growth 

with peas, clover or serradella. Rye-grass grown with peas after 13 

weeks* growth contained nearly five times, grown with clover three times, 

grown with serradella about twice, as much total N as grass of the same 

age monogrown. Peas were the best companions for rye-grass giving the 

highest amount of assimilated N and they also Influenced N percentage and 

total N yield of barley (Hordeum vulgare L.) 

According to Blackman and Templeman (1938) in a year of normal 

rainfall, competition between a cereal crop and a weed is principally for 

N and light and the critical period is confined to the early stages in 

the development of the cereal. Russel and Keen (1942) found that if soil 



nutrients were in short supply hoeing or hand-weeding increased the 

yield of beets (Beta vulgaris L.) if the operations were carried on be

fore or shortly after singling. If adequate quantities of soil 

nutrients were present, inter-row cultivation had little effect on 

yield and the crop could tolerate considerable weed infestation without 

any effect on yield (Russel and Keen, 1942). 

Experiments conducted by Blaser and Brady (1950) to ascertain the 

effects of N and K fertilization on the productivity, botanical and 

chemical composition of Ladlno clover and nonlegumes when in a mixture 

revealed that K fertilization stimulated the growth of Ladlno clover 

but did not affect the productivity of the nonleguminous plants in as

sociation. The application of K2O increased the level of K concentra

tion of all mixtures, but grasses had higher K content than legumes and 

weeds higher than grasses. N fertilization increased the growth of 

grasses and decreased the growth of leguminous plants in a mixed as

sociation. Consequently, the amount of K removed by the grasses was 

increased. Donald (1951) observed that competition among pasture plants 

was evident in dense populations shortly after germination and thereaf

ter competition became operative progressively in population of lower 

and lower density. The final yield of dry matter was constant from 

moderate to high densities and there was no reduction in dry matter per 

unit area even in extremely dense swards. Kurtz et al. (1952) noted 

that without N fertilizer, all legumes and grasses competed severely 

with the corn, and low corn yields were obtained, whereas with N and 

water, high corn yields were obtained in heavy growths of intercrops. 
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However, a sufficiency of N and water did not completely eliminate com

petition between the corn and the intercrops. 

Bosemark (1954) in his study on the influence of N on root de

velopment reported that the increase in root length in cases of N 

deficiency was found to be due mainly to an increase in cell length, 

whereas the growth inhibition at a high level of N supply was the re

sult of a combined action of reduced cell multiplication and cell 

elongation. He suggested that with an increasing supply of N the 

amount of natural auxin in the roots Increases correspondingly. Duncan 

and Ohlrogge (1958) showed that N and P fertilizers mixed together in a 

portion of soil or vermicullte culture caused proliferation of corn 

roots in the fertilized volume when only a part of the root system was 

fertilized and the uptake of ^2^5 greenhouse was affected by the 

volume of the soil fertilized if N was present. Competition between 

skeleton weed and the crop was severe at low N levels, but minor at 

high N levels achieved either by N application or when the crop fol

lowed a legume-rich pasture (Myers and Llpsett, 1958). Competition had 

its effect early in the crops growth due to a reduction in N supply by 

skeleton weed. 

Walker and Adams (1958) noted that In the absence of N fertil

izer, dressings of S stimulated clover growth while at a low rate of S 

application, N fertilization Increased grass growth and clover was 

suppressed. They suggested that S must be added when N fertilizers 

are applied to a grass-clover association to minimize the suppression 

of clover. Nitrogen applications have been shown to minimize the ef

fects of foxtail competition on corn (Nieto and Stanlforth, 1961). 
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A study conducted by Bradshaw et al. (1964) to determine the 

reaction of seven grass species to variations in NO^-N concentration 

led them to conclude that variation in soil N levels is probably an 

important factor determining the distribution of species under natural 

conditions. Increasing the volume of soil available to plants growing 

in pots increased yields of oats (Avena sativa L.)» ryegrass, kale 

(Brassica oleracea var. acephala), and tomatoes (Lycopersicon 

esculentum) and decreased the Intensity of rooting; it increased the 

supply of N more than P as P uptake was correlated with root intensity 

while N uptake was not (Cornforth, 1968). Cornforth (1968) concluded 

that when soil volume is restricted, it is more important to apply a 

mobile nutrient than an immobile nutrient. Nitrogen fertilization at 

rates in excess of 50 lbs per acre caused a decrease in the alfalfa 

(Medicago sativa L.) content in an alfalfa-grass association; inter

specific competition initially was for nutrients but competition for 

space developed in succeeding cuts largely as a result of the effect 

of N and K on tillering (Macleod, 1965). A study conducted by Andrews 

and Newman (1970) on root density and competition for nutrients showed 

that when in competition, N uptake was proportional to the amount of 

roots on the plants whereas P uptake was reduced by pruning when the 

pruned and the unpruned plants were in competition with each other and 

that competition caused little or no enhancement of this effect. 

Litav and Seligman (1970) found that Oryzopsis holclformis 

(M.B) Hack exhibited relatively more intra-than interspecific competi

tion effect when measured on the basis of dry weight and uptake of N, 

P and K. Litav and Wolovitch (1971) noted that the auxiliary roots 
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were able to correct a competition-Induced N deficiency, less so for P 

deficiency. Hanway and Weber (1971) reported that total accumulation 

of N, P and K in soybean aboveground parts followed patterns similar 

to that of dry matter accumulation. Rates of accumulation were slow 

early in the season. The IRRI reported that at higher N levels, there 

was little yield advantage to corn-soybean inter-cropping and that the 

total N content of the above-ground plant parts was considerably higher 

in the intercrop than with either corn or soybeans for most of the N 

levels tested (IRRI, 1974). A P response trial of corn, mung bean, and 

corn-mung bean intercrop at the IRRI showed that no combination respond

ed to P up to a level of 270 kilograms of 1*2̂ 5 hectare (IRRI, 1974). 

Kawano, Gonzales and Lucena (1974) suggested that interspecific com

petition, competition with weeds, and spacing response are controlled 

largely by the same genetic factors through the same physiological pro

cess characterized by vegetative vigor, large leaf area, a high rate of 

N absorption in early growth stages, and plant height. 

Nye and Foster (1961), in their study on the relative uptake 

of P by crops, found that short-term crops made little use of sub-soil 

P which was attributed to low availability. Van den Bergh and Elberse 

(1962) noted that at high P and K level, ryegrass drove out Anthoxanthum 

adoratum L. while at low levels of P2O5 and K2O the reverse took place. 

STudies using eight annual pasture species (Asher and Loneragan, 1967) 

showed that maximum growth of plant species was reached at a very wide 

range of P concentrations. It has been suggested that the reduction in 

growth rate found with increase in density in pure stands arises mainly 

from Interference with the supply of mineral nutrients (Idris and 



Mllthorpe, 1966). Hall (1974) observed that at a low level of K, Nandi 

Seterla severely restricted the growth of the legume Desmodium by com

peting for K. The Setaria grew considerably better in mixtures than in 

monoculture and at high level of K, the Setaria grew without the de

triment to the associated legume. 

Macleod and Bradfield (1963) noted that the response of alfalfa-

orchardgrass (Dactylis glomerata L.) association to applied K increased 

markedly with increased base saturation of the soil, leading them to 

suggest that a high K fertilizer is essential for maintenance of the 

legume component in grass-legume associations. Investigations on the 

independent effects of shoot competition and root competition between 

ecological contrasting populations of Trifolium repens L. (Snaydon, 

1971) revealed that the effects of root competition were generally 

greater than those of shoot competition. The populations from acid soil 

had greater root competitive abilities on acid soils while populations 

from calcareous soil had greater root competitive abilities on calcar

eous soil. On the other hand, the acidic population of Melilotus alba 

Medic, which did well in both calcareous and acidic media in competition-

free cultures, showed good growth in acidic soils only when in competi

tion with the calcareous population (Ramakrishnan, 1970) . McCown and 

Williams (1968) reported that due to rapid root extension, low S re

gime favored growth of Erodium botrys (Cav.) Bertol. over Bromus mollis 

L. while high S levels enabled Bromus to become more competitive as its 

density increased. Association of two plant species can promote the 

uptake and translocation of a nutrient under stress conditions as ev

idenced in the work of Kashirad and Marschner (1974), whereby sunflower 



(Hellanthus annuus L.) grown in association with corn promoted the up

take and translocation of Fe to the shoot of corn plants. 

The water content gradient and the motion gradient in the 

vicinity of a plant root remain small until the water content approaches 

the wilting range (Gardner, 1960); the pattern of water use in a root 

zone depends upon the water retaining and transmitting properties of 

the soil in a predictable way. Dunham and Nye (1973) have demonstrated 

that steep potential gradients do not normally occur near plant roots. 

Evaluations conducted by Stone, Horton and Olson (1973) on water move

ment within and below the root zone of a sorghum crop during a 31-day 

field study following water application showed that upward water move

ment commenced in the 15 to 30 cm layer 3 days following water applica

tion and 130 to 150 cm layer after 19 days. It was shown that a certain 

amount of water Is lost due to flux below the root zone in crop situa

tions. Troughton (1974) on the other hand, found that clones of Lollum 

perenne L. varied considerably in the rate at which they developed leaf 

water deficit (LWD). In plants with the same sized shoot system, the 

smaller the root system the slower the development of LWD which was 

attributed to a greater resistance to water movement in the soil and 

roots than in the shoots. Wahua and Miller (1978c) demonstrated that 

sorghum had 8 to 11% lower leaf water potential (LWP) when grown with 

soybeans than when monogrown, while soybeans shaded by sorghum had a 

higher LWP than in monoculture. Soil texture has been shown to in

fluence performance of crops in mixtures (Robinson, 1960). Using a 

Dlallel approach, to determine the neighbor effects in genus Avena, 

Trenbath (1975b) demonstrated that the deeper soil allowed 
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complementary exploitation of soil factors during grain-filling, where

as, at the shallow end of the soil-depth gradient, roots were forced to 

compete for the same supplier of soil factors. 

Plant Competition for Light 

Investigations on the Interaction between light intensity and 

mineral nutrient supply in leaf development and in net assimilation 

rate of the blue bell (Scilla non scripta) led Blackman and Rutter 

(1948) to conclude that variations in the light intensity may affect not 

,only the net assimilation rate through a reduction in the light energy 

reaching the leaves, but may also alter the assimilation by effects of 

shading in modifying leaf structure and possibly, also the internal 

metabolic factors. They found that in every instance, the net assimila

tion rate was directly proportional to the logarithm of the light in

tensity. Hodgson and Blackman (1957), in their investigation on the 

significance of competition for light in relation to plant development 

at different densities of Vicia faba L. concluded that when light 

gradient is such as to restrict the internal supplies of substances, 

growth of those organs with the least competitive ability for example, 

pods, is arrested. It is at this phase that the factors controlling 

abscission come into play and that abscission is dependent upon a bal

ance between the levels of the auxins and the production of an abscis

sion factor. 

Investigations on the interception of light by the foliage of 

pure and mixed stands of pasture plants by Brougham (1958) revealed 

that the leaf area indices at which 95% of light was intercepted about 



midday in midsummer were as follows: short-rotation ryegrass 7.1; 

perennial ryegrass 7.1; timothy (Phleum pratense L.) 6.5; white clover 

(Trifolium repens L.) 3.5 and the mixed stand 4.5. Black (1958) found 

that the leaf area of subterranean clover is concentrated in a rela-r 

tively shallow band at the top of the sward, the area attained by in

dividual leaves increasing with height in the sward and with time. He 

further noted that as the sward developed, the leaf area index re

quired for the absorption of all incident light energy increased; a 

fact which led him to suggest that this was due to changes in leaf 

morphology. He concluded that the disappearance of the small seeded 

plants from mixed swards was due to shading from the large seeded 

plants. Stern and Donald (1962a) demonstrated that increasing N ap

plication in a grass-clover association gave increased yields of grass; 

increased yields of grass gave higher leaf areas of grass disposed 

above the clover leaf canopy; higher leaf areas of grass above the 

clover reduced light density at the clover canopy; reduced light in

tensity at the clover leaf canopy caused a reduced growth of the clover. 

Under conditions of heavy grass growth and of consequently low light 

density at the clover canopy, the growth of clover not only became slow 

but eventually was strongly negative, leading to a marked reduction in 

both the number of clover plants and the yield of clover. 

In a study involving partitioning of roots and shoots to de

termine the competition between two grasses for light and for N 

(Donald, 1958) found that the aggressor species showed a negative in

teraction in the effect of the two modes of competition; it was 

slightly reduced in yield by competition for either factor alone, but 
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when competition for both factors was operative, it achieved almost the 

same yield as in the absence of competition. On the other hand, the 

effect of the two modes of competition on suppressed species showed a 

positive interaction; the depression in yield when there was competi

tion for both factors greatly exceeded the sum of the effects of com

petition for the separate factors. Lockhart (1961) showed that slow 

growth of pinto bean (Phaseolus vulgaris L.) at low light intensity was 

due to a deficiency of photosynthetic products, while growth Inhibition 

at high intensities was due to a deficiency of gibberellic acid. 

Crookston et al. (1975) found that shading of Phaseolus vulgaris L. re

duced leaf number, area, and thickness. Photosynthesis per unit area 

of shaded leaves was decreased by an average of 38%. Transpiration was 

not significantly affected. They noted that increased intracellular 

resistance of the shaded leaves was more important in reducing CO2 up

take than was the increase in stomatal resistance. 

Studies on competition between two genotypes of Lima bean with 

morphologically different leaf type (Williams, Tucker and Guerrero, 

1978) showed that the Lima bean with normal type of leaves dominated 

with its dorminance increasing with increasing population density. Leaf 

area profiles revealed that these responses were associated with the 

preponderance of normal type leaves in the top strata of the canopy. 

This led them to conclude that competition was primarily for light. 

Williams (1964) reported that high plant density of both kale and 

Chenopodium album L. whether in mixtures or in pure stands, interfered 

with each other and individual plant weight and leaf area were reduced. 

When Chenopodium album L. was introduced in the mixture earlier. 



kale suffered heavy mortality, but when kale was introduced earlier, 

Chenopodium album L. remained stunted and there was no mortality. The 

ability of Chenopodium album L. to interfere with kale seems to be re

lated to its ability to grow rapidly to light effectively. 

Direction of row showed no significant effect on the total 

daily net photosynthesis by cotton conventionally planted in 40" rows 

while North-South skip outyielded North-South solid planted (Baker and 

Meyer, 1966) . It was however noted that the North-South rows inter

cepted more light than East-West rows. Cooper (1966) found that 

shading reduced yield and plant height proportionately more for alfalfa 

than for birds foot trefoil (Lotus corniculatus L.). Differences in 

leaf area ratios between species were due to differences in leaf weight 

ratios, and those between shading intensities were due to differences 

in leaf area to leaf weight. 

Four sequential stages in the growth of wheat were demonstrated 

by Puckridge and Donald (1967): A period in which there was no inter-

plant competition at any density; a period in which the crop growth 

rate showed a curvilinear relationship to the leaf area index and a 

linear relationship to light interception; a period when weight of 

ears showed a linear relationship to an expression involving the weight 

of green leaf in an earlier period and the percentage survival of 

tillers; a period of grain filling and ripening in which further rela

tive changes in ear and grain weight occurred. Bowes, Ogren and 

Hageman (1972) demonstrated that higher light intensities during growth 

of soybeans resulted in Increases in photosynthesis rate, light satura

tion Intensity, RuDF carboxylase activity, and specific leaf weight. 



Investigations on diurnal trends in net photosynthetic rate and carbo

hydrate levels of unifoliate leaves of soybean under constant environ-

mental conditions (Upmeyer and Roller, 1973) showed that net 

photosynthetic rate remained relatively constant between 4 to 10 hours 

after the lights were turned on but then gradually declined to 85% of 

this rate by the end of the 16 hour photoperiod. The decline in net 

photosynthesis rate was due to Increases in both stomatal diffusion 

resistance and residual resistance to carbon dioxide. 

Measurements of specific leaf weight (SLW) and net carbon ex

change (NCE) of alfalfa leaves in sparse canopies that allowed about 

the same light intensity to all plant heights (Wolf and Blaser, 1972), 

showed that with 100% normal daylight SLW and net carbon exchange values 

remained high throughout a growth cycle; however, these values declined 

sharply with light intensities of 27 and 47% of normal daylight. With 

normal light, the SLW and NCE values of upper young leaves increased 

until they were fully expanded; thereafter, these values declined 

sharply because of diminishing and low light intensities in the lower 

layers of accumulating canopies. It was suggested that the decline of 

photosynthetic efficiency and SLW of the basal leaves was caused by 

low light intensities in the lower layers of normal dense canopies. 

Determination of light fluctuations in corn showed that the light 

spectra are Influenced by the height of the light sensors within crop 

structure and by wind conditions (Desjardins, Sinclair and Lemon, 1973). 

Using 'additive' and 'substitutive' designs, Trenbath and Harper (1973) 

found that shading affected the pattern of growth of the Avena species 

used as indicators in interspecific mixtures. 
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Using a prediction model, Allen, Steward and Lemon (1974) re

ported that a high percentage of diffuse sky-source radiation could in

crease total canopy photosynthesis, even when the overall decrease in 

global photosynthetically active radiation (PAR) was accounted for. 

They concluded that cloudy or overcast days may not be a serious de

triment to total canopy photosynthesis in some species, and that heavy 

haze may actually enhance canopy photosynthesis in species with low 

photosynthetic capacity. Low light induced decline in the photosyn-

thetic rate of cotton leaves can be arrested by increasing the illumina

tion (Nagarajah, 1976). Damage to the photosynthetic system continues 

only as long as the leaf remains severely shaded. In a field experi

ment to estimate water needs of intercropped sorghum and soybeans, 

leaf water potential (LWP) and canopy light transmission, Wahua and 

Miller (1978c) found that sorghum had 8 to 11% lower LWP when grown in 

mixture than alone, but soybeans, shaded by sorghum had a higher LWP 

than in monoculture. Absolute LWP values suggested that only about 

10% additional water would be required by the mixture compared with 

individual requirements of the aggressor species. 

Allelopathy 

Allelopathy which has been defined by Rice (1977) as any direct 

or indirect harmful effect by one plant (including micro-organisms) on 

another through the production of chemical compounds that escape into 

the environment has for long been recognized. An extensive review of 

chemical interactions between species has been presented by Whittaker 

and Feeny (1971). Rice (1977) discussed what he considered to be the 



more important roles of allelopathy, covering such topics as: preven

tion of seed decay, dormancy of seeds and buds, promotion of infection 

by pathogens, resistance of plants to diseases, patterning of vegeta

tion, inhibition of nitrification by climax ecosystems, and plant 

succession. 

Massey (1925) observed that walnut (Juglans nigra and Juglans 

cinerea) has an antagonistic action which caused wilting and dying of 

certain plants such as alfalfa, tomato, and potato. Roots of the af

fected plants were always in close contact with walnut roots and the 

walnut root bark contained a substance which was toxic to the roots of 

tomato plants grown in water culture. Patrick (1955) demonstrated 

that microbial action on amygdalln fraction of peach roots was mainly 

responsible for the toxic factor frequently encountered in old peach 

orchard soils. Roy (1960) reported that when two varieties of rice 

are planted together, either fully mixed; in alternate rows, or in 

separate halves of the same small plot surrounded by a dam, each may 

influence the yield of the other; the effect was often as unfavorable 

as favorable. Webb, Tracey and Haydock (1967) found that Grevillea 

rebusta falls to regenerate in Grevillea robusta plantations because of 

some water-transferable factor associated with the rhizosphere of this 

species In which antagonistic microflora may be involved. 

Forty species common in western Washington Investigated for 

presence of allelopathlc chemicals (del Moral and Gates, 1971) showed 

that under laboratory conditions, most species contained inhibitory 

volatile compounds and many contained effective water-soluble compounds. 

They noted that the ratio between inhibition values produced by 
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volatile and water-soluble inhibitors was higher in species from arid 

regions than those from humid regions. Run-off from roots of living 

Calluna vulgaris contains a factor toxic to certain mycorrhlzal fungi 

(Robinson, 1972). In pot experiments, it was shown that germination of 

wheat was depressed when large amounts of straw were decomposed on the 

surface for up to 18 days; after 54 days it had no effect on germina

tion (Kimber, 1973). Immobilization of N too occurred mainly when the 

straw was mixed with soil, or when surface-rotted straw was plowed into 

the soil just before seeding and this effect could not be overcome by 

the addition of mineral N. Christie, Newman and Campbell (1974) showed 

that two plant species which commonly grow together can influence each 

other's root surface microbial population. 

Cucumber (Cucumis sativas L.) accessions from 41 nations grown 

with two indicator species in a search for superior competitors 

(Putnam and Duke, 1974) showed that one accession inhibited indicator 

plant growth by 87% and 25 inhibited growth by 50% or more. Using 

leachate treatments Newman and Rovira (1975) demonstrated that eight 

species common in British grassland significantly inhibited growth of 

receiver plants of the same species. Analysis of N, P and K showed 

that the reduction was not due to nutrient deficiency. Newman and 

Miller (1977) demonstrated that root exudates of Anthoxanthum odoratum 

L., Lollum perenne L., Plantago lanceolata L. or Trifollum repens L. 

Increased uptake of P of the same species. 

Root exudates from young plants of Celosia orgentea L. have 

been shown to have an inhibitory effect upon radicle elongation (Pandya, 

1977). However, as the weed matured, the effect was gradually reduced. 
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It was noted that the root exudates collected from the old plant pro

moted radicle elongation of the test plant after 24 and 48 hours of 

treatment, indicating that the allelopathic effect is more pronounced 

when the Infesting weed is at a young growing stage. The mixed crop

ping of marigold inhibited the population of plant parasitic nematodes 

and root-knot development on chilli and eggplant (Solanum melongena) 

and that of margosa on tomato and eggplant (Alam, Saxena and Khan, 

1977). Both these plants also reduced the population of plant parasit

ic nematodes infesting cabbage and cauliflower. The plant growth of all 

the vegetable crops tested was promoted when grown along with marigold 

or margosa. Evaluation of the allelopathic effects of cucumbers on 

proso millet (Panlcum miliaceum L.) showed that the allelopathic effect 

of cucumbers was suppressed during periods of increased rainfall 

(Lockerman and Putman, 1979). 

Effects of Nitrogen and Phosphorus Fertilization 
on Crop Performance and Tissue Accumulation of 

Nitrogen and Phosphorus 

In most soils of the world, N and P are the two major elements 

limiting growth and yield of crops. Their Importance in determining 

the success of both crop monocultures and polycultures cannot be over

emphasized. 

In a study to determine growth and N distribution patterns in 

bean plants (Phaseolus vulgaris. L.) subjected to ammonium nutrition, 

Baker, Volk and Jackson (1966) found that growth of bean plants was 

limited when N was supplied as (NH^)2S0^ in sand culture in comparison 

to the growth of plants receiving NO^-N. Mixing relatively insoluble 
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carbohydrates with sand, using (NĤ )2C02 instead of (NĤ )2S0̂  or main

taining the pH of the nutrient solution near neutrality with NaOH all 

prolonged the life and increased the growth of plants. The changes in 

mineral elements of plant tissue induced by the treatments did not ac

count for the increased growth. Since nitrification is a common pro

cess in most cultivated soils, applications of NH^^-N are sometimes 

considered equivalent to NÔ -N applications (Huber et al., 1978). 

Nitrogen fertilization on red radishes, kale, mustard, and turnip has 

been shown to cause significant increases in nitrate content In roots 

and tops (Brown and Smith, 1966). Maximum accumulation of nitrates ap

peared to vary with species, the early maturing vegetables tending to 

accumulate more nitrate than late maturing varieties at a given rate of 

fertilization; differences in nitrate content were observed at differ

ent sampling dates. However, the absence of P, K, or Ca or the presence 

of trace elements was not found to have a significant influence on 

nitrate accumulation. 

Potentiometrlc determinations of concentration of nitrate in 

spinach grown in upland soils, using a nitrate-selective ion electrode, 

on plant samples taken at time Intervals after N fertilization and at 

harvest stage, showed that N fertilization substantially Increased the 

nitrate concentration of spinach (Baker, Peck and MacDonald, 1971). 

In another study by Baker and Tucker (1971) NÔ -N concentration of 

wheat, oats, rye, and barley forage was found to be a function of rate 

of N fertilization, P fertilization and date of sampling. They also 

found a tendency for NÔ -N accumulation to be increased by a deficiency 

of P. The nitrate concentration in wheat forage was reduced from 1,300 
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to 300 ppm NOg-N with the application of 15 kg/ha of P, but P rates be-

yong that necessary for maximum grain production did not further reduce 

the NÔ -N content of the forage. 

Worley, Hegwood and Harmon (1971) reported that applications of 

25 to 50 lbs of N/acre, 11 to 22 lbs of P/acre, and not over 42 lbs of 

K/acre are adequate for large yield of southern pea. They noted that 

fertilizer treatment had little effect on leaf analysis at harvest and 

correlation coefficients were not significant for leaf mineral concentra

tions of N, P, K, Ca, Mg, Na, Mn, Fe, 6, Zn, Al, Mo, Ni, Sr, Ba, and T1 

with yield. On the other hand, Johnson and Evans (1975) have reported 

that N Increased yields of southern pea to a maximum of 67 kg/ha of N 

and that at 35 days, there was an Increase In leaf N concentration as 

the rates of N were Increased from 34 to 101 kg/ha while at 49 days, the 

N concentration was lower and was not affected by N rates. However, in

creasing rates of K increased leaf concentration of K at both 35 and 49 

days and P fertilizer did not affect N, P or K concentration. 

Frota and Tucker (1972) showed that the absorption rates for 

NĤ  ̂and NÔ  by lettuce were increased by increasing the air, or both 

air and root environmental temperatures. Nitrate uptake was Influenced 

more by temperature than the absorption of NĤ .̂ The NĤ  ̂to NÔ  ab

sorption ratio increased when the temperature decreased. Translocation 

rates for increased when the temperature Increased from 8 to 23°C, 

but for NÔ  it reached a maximum at 18°C. When N concentration was 

deficient, virtually all of the nitrate was absorbed by southern pea 

plants from the 3rd week until harvest (Sasseville and Mills, 1979). 

At sufficient N concentration, a single peak nitrate uptake period 



occurred In growth cycle prior to bloom initiation. High concentrations 

of ammonium were found to cause toxicity in soybean which affected both 

root and shoot development (Joseph, Van Hai and Lambert, 1976). They 

found that the pattern of N accumulation in tops was consistent with 

the multiphasic uptake of ammonium. 

Gillian and Wright (1977) found high correlation coefficients 

between growth (dry weight accumulation) of three holly cultivars and 

both leaf N content and soil solution nitrates. However, low correla

tion coefficients were found between soil nitrates and plant growth. 

Hipp (1977) reported that beet yield was a function of growth time with 

response to N when the growing season was less than 86 days but applica

tion of 112 kg N/ha increased yield by 55.8% when growing season was 

140 days. Nitrogen did not influence size distribution of beets when 

the growing season was short but N application increased beet size when 

the season was long. Doss, Evans and Turner (1977) found that inter

mediate irrigation increased marketable yields of snap beans (Phaseolus 

vulgaris L.) but high irrigation did not. Applied N also increased 

yields of both snap bean and cucumber in proportion to increases in N 

rates and there was a greater response to N fertilizer on spring crop 

than on the fall crop. Greenhouse evaluations of differential responses 

of 124 genotypes of dry bean to two levels of soil fertility (N+P) 

(Haag, Adams and Wiersma, 1978) showed that the high fertility level 

significantly increased seed yield per plant, pods per plant, seeds per 

pod and single seed weight whereas genotypes responded differentially 

to added fertilizer. The number of pods per plant exerted a predominant 

Influence on yields at both the low and high fertility levels. 



McElhannon and Mills (1978) found that plant N accumulation by Lima 

beans was highly Influenced by the form and level of N available for 

assimilation and may not be an accurate Indicator of the N available 

for pod development. 

A study conducted by Wahua and Miller (1978b) to determine the 

effects of intercropping on soybean nitrogen-fixation and plant compo

sition on associated sorghum and soybeans showed that nitrogen fixa

tion by soybeans grown with tall sorghum was reduced 99% due to 

reduction in number of nodules per plant (77%), weight per nodule 

(50%) and specific nodule activity (96%). Soybean dry matter and seed 

percent oil were also reduced by 87 and 8% respectively. Soybean per

cent seed protein and leaf N were unaffected by intercropping. Further

more, soybeans grown with semi-dwarf sorghum fixed 2.64 times more N 

than plants in monoculture but produced 40% less dry matter and 3% 

less oil in seed. Percent seed protein, leaf and stem N of soybeans 

were unaffected by intercropping. However, protein yield of inter

cropped tall and semi-dwarf sorghum was reduced by 15 and 71% respective

ly. Data presented by Barta (1979) suggested that shoot growth of 

trefoil is a dominant sink for photosynthate and that photosynthate 

accumulation is not readily altered by N source or amount supplied. 

It was observed that four weeks after cutting, when nitrogen fixation 

14 
rates had increased several fold, distribution of C among various 

metabolites was not influenced by N source, indicating that N source 

had little effect on rate of assimilate metabolism in the plant. 

Effectiveness of NĤ NÔ , (NH)2S0̂ , Ca(N02)2 and urea for winter 

grown head lettuce (Lactuca sativa L.) was evaluated by Gardner and Pew 



(1979). Results shoved that N source did not affect yield, quality 

factors, head size or total N accumulation. Application of fertilizers 

containing NÔ -N resulted in slightly higher NÔ -N concentrations in 

the mid-ribs. Plant growth and N accumulation were similar with all N 

sources at low temperatures. Air temperature below 13°C for a week or 

more sharply reduced N uptake and plant growth with all sources. They 

noted that 80% of the total N is taken up by the plants in the four 

weeks before harvest and that N source did not affect quality. Mack 

(1979) found that concentration of N in leaves was decreased as row 

spacings were decreased in two experiments with beets, but P concentra

tion in leaves was highest in 15 cm rows. Leaf concentration of N was 

highest at the highest fertilizer rate but K concentration was lowest. 

Results of investigations conducted in Florida by Brien, Locascio and 

Elmstrom (1979) showed that marketable fruit yields decreased while 

yield/plant and mean fruit weight increased with an increase in plant 

spacing from 0.6 to 2.4 m and row spacing from 1.5 to A.5 m; yields 

and mean fruit weights were higher with mulch than without and with 

1680 thaii 840 kg/ha of (12-7-13N-P-K) fertilizer. 

Screening of bean (Phaseolus vulgaris L.) lines for efficiency 

of P utilization in nutrient culture (Whiteaker et al., 1976) showed 

that in some lines, growth increased as solution P increased to rela

tively high levels; in other lines there was no growth response. Under 

P stress, net photosynthesis per unit of P stress, was higher in an 

efficient than in Inefficient line, thus suggesting that one factor in 

P efficiency was associated with photosynthesis. Large variations in 

P absorption rates between lines of Phaseolus vulgaris L. were noted 



(Llndgren, Gabelman and Gerloff, 1977). " In their study on the response 

of nine vegetable crops to phosphorus concentration in the soil solu

tion, Nishimoto, Fox and Parvin (1977) found that most of the crops 

studied produced maximum yields at 0.2 to 0.3 ppm F in soil solution, 

although transplanted head cabbage, and sweet potato produced maximum 

yields at 0.04 and 0.1 ppm, respectively. Phosphorus levels in plant 

tissue at 95% of maximum yields ranged from 0.3% in lettuce to 0.7% in 

Chinese cabbage. 

Plant Growth and Yield 

The dependence of plant economic yield on the rate of dry 

matter production and the fashion in which the dry matter is parti

tioned among the various plant parts has been studied for many years. 

Blackman (1919) made the first step in developing a procedure for an

alysing growth in terms of dry weight. He suggested that Increase in 

dry weight can be regarded as a process of continuous compound Interest, 

the Increment produced in any interval adding to the "Capital" for 

growth In subsequent periods. Blackman proposed an equation which he 

considered to best express the growth relations of active, annual 

r t 
plants as: = WQB , where Is the final weight. Wo is the initial 

weight, r is the rate at which the material already present is used to 

produce new material, t is the time and e Is the base of natural 

logarithms. Notably, r is an Important physiological constant for it 

Is a measure of the efficiency of the plant in the production of new 

material and as such, he termed it "efficiency index" of dry weight 

production. The extent to which dry matter production could be 



increased by increase in leaf area depends on whether or not net assimi

lation rate (NAR) is affected by increase in LAI (Watson, 1952). 

Radford (1967) has presented an extensive discussion on the 

plant growth analysis formulae, giving recommendations on the selection 

of appropriate ones in a given situation. Some of the commonly used 

formulae are: 

(1) The Growth Rate (GR) of a plant, or Crop Growth Rate (CGR) of 

a unit area of a canopy cover, at any instant in time (t) is defined 

as 'the increase of plant material per unit of time*. 

i.e., GR or CGR = dW/dt 

(2) The Relative Growth Rate (RGR) of a plant at any Instant in 

time (t) is defined as 'the Increase of plant material per unit of 

time': 

i.e., RGR = m (log e W) 

(3) The NAR of a plant at an Instant in time (t) is defined as 

'the increase of plant material per unit of asslmilatory material per 

unit of time'. 

4 «*T, _ 1 dW i.e., NAR  ̂

(4) The Leaf Area Ratio (LAR) of a plant at an instant in time 

(t) is defined as 'the ratio of the assimilatory material per unit of 

plant material present'. 

i.e., LAR = A/W 

(5) The three expressions presented in (2), (3), (4) are inter

related and at any instant in time, the following relationship holds: 



3̂  ̂  i iW A, 
W dt A dt  ̂ W' 

i.e., RGR = NAR X LAR 

Many plant breeders have used harvest index (HI), which is the 

ratio of seed yield to total plant biological yield, as an important 

criterion in search for higher yielding genotypes (Donald, 1962). 

Singh and Stoskopf (1971) have reported that harvest index In cereals 

is positively correlated with vegetative growth. The yield of crop 

plants can depend in large measure on the way In which the products of 

assimilation are allocated. I.e., the leaf-to-total growth ratio 

(Jackson, 1963). The absolute growth rate at any time Is the product 

of the rate of increase in weight per unit leaf and the amount of leaf 

present. Loomls and Williams (1963) felt that the major limiting 

factors to total seasonal plant yields are Its leaf area, its manner 

of display and carbon dioxide supply. Muramoto, Hesketh and El-Sharkawy 

(1965) noted that differences In leaf area development were associated 

with differences in rates of dry matter production among cottons and 

between cottons and other species. Shlbles and Weber (1965) reported 

that percent solar radiation interception and rate of dry matter produc

tion by soybeans Increased with increasing leaf area development, reached 

a maximum and remained constant with further Increase In LAI. The rate 

of dry matter production was linearly related to percent Interception. 

Comparisons of leaf area, NAR, LAR, and RGR for two varieties 

each of the dry bean types, pea, marrow, and yelloweye (Wallace and 

Hunger, 1965) showed that within the marrow and yelloweye types, the 

higher yielding variety had both the larger leaf area and the larger 
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LAR. The two pea bean varieties did not differ In mean seed yields and 

their mean leaf areas did not differ. The overall RGR and leaf growth 

rate of the pea bean varieties was accompanied by a much higher LAR, 

suggesting that the LAR may be a factor chiefly responsible for the dif

ferences In growth rates. Eagles (1967) reported that changes In RGR of 

Dactylls glomerata L. at different temperatures were positively corre

lated with changes In NAR, and were negatively correlated with differ

ences In LAR. The changes In LAR at different temperatures were 

correlated with changes In leaf morphology and distribution of assimi

lates within the plant. Wilson and Cooper (1969) found significant 

differences between populations of Lollum for RGR, NAR, and LAR at 

two contrasting light intensities. They however, found no regular 

correlation of NAR with either specific leaf weight, or chlorophyll con

tent at either light Intensity, though at low light intensity, it was 

significantly correlated with shoot root ratio. Potter (1977) suggested 

that growth responses due to temperature shifts were sensitive to 

changes in leaf area partitioning or relative area expansion rates to 

net assimilation rates. 

Significant variation in specific leaf weight (SLW) was found 

both within and among alfalfa varieties (Barnes et al., 1969). Further

more the relative specific leaf weight ranking of plants was not in

fluenced by stage of maturity. Delaney and Dobrenz (1974) reported that 

area per leaflet and leaflet width of alfalfa (Medicago sativa L. cv. 

'Mesa-slrsa') were negatively associated with photosynthetic rate per 

unit leaf area. Specific leaf weight was positively correlated with 

photosynthesis. However, total CO2 uptake per plant was not 
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significantly associated with SLW and leaflet size. Plants with small 

leaves had the greatest SLW, palisade tissue thickness, and leaf thick

ness. Cole (1975) noted that the SLW of sugarbeet changed as the 

leaves expanded in area and that leaves initiated late in the growing 

season were smaller and had a higher SLW than leaves initiated earlier 

in the growing season. Growth rate of soybeans was negatively related 

to SLW and carbon exchange rate and positively related to leaf area 

growth rate (Kaplan and Koller, 1977). 

Studies on the effects of variation in LAI on growth of maize 

and soybeans (Buttery, 1970) showed that the mean relative growth rate 

and mean net assimilation rate increased with increasing density, while 

mean CGR and LAK decreased. The NAR of maize declined more rapidly 

with increase in LAI than did that of soybeans. Irvine (1975) found 

that LAI was positively associated with yield of sugar-cane. Kohl and 

Thlgpen (1979) showed that beyond the critical LAI, the rate of dry 

weight gain is the same for Chrysanthemum morifollum Kamat. grown at 

either normal (15.6°C) or low (5.6°C) night temperature. 

Peet et al. (1977) reported that photosynthetlc rates and RuDP 

carboxylase activities of dry beans were highest at early pod set, 

which was the only developmental stage where they were significantly 

correlated with biological yields. Also at pod set, malate dehydro

genase (HDH) activities were significantly correlated with both seed 

yield and harvest index, and glycolate oxidase (GAO) activity was corre

lated with biological yield. The amount of the increase in photosyn

thesis with its final seed yield. It was also noted that while 

photosynthetlc rates at pod set were positively correlated with both 
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biological and seed yields in eight of the varieties, in one variety 

high seed yields were associated with very low photosynthetic rates, a 

fact which led Peet et al. (1977) to conclude that high seed yields 

are not necessarily associated with high photosynthetlc rates but may 

result from a more efficient utilization of photosynthate. Denis and 

Adams (1979) suggested that the development of high yielding bean 

cultlvars must be based upon relatively large plants bearing numerous 

nodes, leaves, and reproductive structures, and with an architectural 

display of photomercuric units which facilitates moreunlform light in

terception throughout the canopy. Kueneman, Wallace and Ludford (1979) 

having studied the photosynthetlc measurements of field-grown dry beans 

and their relation to selection for yield, concluded that photosyn

thetlc rates measured at one period of crop growth on a small portion 

of the total canopy are unlikely to be a useful selection criterion in 

breeding programs. 



CHAPTER III 

MATERIALS AND METHODS 

Data presented in this study were obtained by conducting a 

series of experiments during the period: Sunnner 1977 to February 1980, 

at both the University of Arizona Experiment Station, Marana, and in a 

greenhouse at the University of Arizona, Campbell Avenue farm. The 

soil type at Marana is Pima Clay Loam. The water used for irrigation 

1 3 
had a mean Ec x 10 of 0.53 and total soluble salts (TSS) of 371 ppm. 

3 
The initial soil test showed a mean ECe x 10 of 1.63, 1,138 ppm of 

soluble salts and a pH of 8.1. In all the field experiments presented 

here, water was applied by furrow irrigation as often as needed by the 

plants. Except where stated in the experimental treatments, all other 

cultural practices, such as weeding, diseases and insect control, were 

carried on uniformly over all the experimental units. 

The Influence of Intercropping and Planting Pattern 
on Yields of Mung Bean. Pinto Bean and Summer Squash 

Mung bean (Phaseolus aureus Roxb.) cv 'SVM 472' and pinto bean 

(Phaseolus vulgaris L.) cv 'U.I. 114' were planted on August 15, 1977, 

by use of a hand-pushed Planet Jr. planter and later thinned to a within 

row spacing of 5 cm, followed by hand-sowing of summer squash (Cucurbita 

pepo L.) cv 'Chefini' 7 days later. The summer squash was spaced at 1 m 

within the rows and thinned to one plant per hill. All the beds were 

spaced at 1 m from the center. The intercropping treatments were: mung 
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beans grown alone (Mb), pinto beans grown alone (Fb), summer squash 

grown alone (Sq), summer squash intercropped with mung beans (SqMb), 

and summer squash intercropped with pinto beans (SqPb). The planting 

pattern treatments were: summer squash grown within the same row with 

either mung beans or pinto beans (in-row planting), and summer squash 

grown adjacent to a row of either mung beans or pinto beans within a 

bed (adjacent-row planting). The planting pattern used for this ex

periment is presented in Figure 1. 

Fertilizer with analysis of 16-20-0 was broadcast pre-plant at 

the rate of 300 kg/ha and incorporated into the soil at the time of 

2 seedbed preparation. The experimental plots were 5 m . Each treatment 

consisted of two randomly distributed plots per replication. Each plot 

was separated from the others by buffer rows of pinto beans. The ex

perimental design was a randomized complete block design (RGB) with 

four replications. 

2 
Yield data were obtained by harvesting the inner 4m of each 

plot. The summer squash was harvested on a regular basis until the 

harvesting of mung beans and pinto beans were completed on December 1, 

1977. 

Effects of Intercropping and Nitrogen Fertility 
Levels on Dry Matter Yields and Nitrate-Nitrogen 

Acctimulation of Mung Bean> Pinto Bean and Summer Squash 

Mung bean, pinto bean and summer squash were planted in one 

gallon plastic containers in a greenhouse at the University of Arizona, 

Campbell Avenue Farm, on April 15, 1978. The growth medium was steam 

treated coarse sand. The containers were thoroughly washed with 
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Figure 1. Planting pattern of summer squash Intercropped with either mung bean or 
pinto bean. 
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detergent, sodium hypochlorite, and rinsed with tap water. The sand 

was also leached with tap water prior to seeding. 

Intercropping treatments were: mung beans grown alone (Mb), 

pinto beans grovm alone (Pb), summer squash grown alone (Sq), summer 

squash grown in the same container with mung beans (SqMb) and summer 

squash grown in the same container with pinto beans (SqPb). In each 

case, the summer squash was thinned to one plant per container, while 

both mung beans and pinto beans were thinned to two plants per con

tainer . 

Nitrogen treatments were: 0, 72 and 144 ppm of N, applied in 

nutrient solution daily at the rate of 250 miL/container. The treat

ments were started after all the seedlings were thinned to the desired 

number. The maximum N application rate used was that suggested for 

cucumber grown in sand culture (Ellis et al., 1974). The experimental 

design was a split-plot design with N treatments as main plots and in

tercropping constituting the sub-plots with three replications and two 

pots per treatment per replication. 

After six weeks, when the beans and summer squash were at the 

flowering/fruiting stage, the plants were harvested. The plants were 

separated into roots and shoots. All the materials were dried in a 

forced-air oven at 80°C for at least 48 hours and weighed. All of the 

dried shoots were then ground in a Wiley mill using a 20 mesh sieve. 

The ground samples were stored in glass vials for later determinations 

of NOg-N. 
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Effects of Intercropping, Nitrogen and Phosphorus 
Fertility Levels on Yields and Petiole Accumulations 
of Nitrate-Nitrogen and Phosphorus of Mung Bean, 

Pinto Bean and Summer Squash 

A site within the University of Arizona Experiment Station, 

Marana, whose fertility level was considered lowest of all, was selected 

for this experiment. The previous crop grown on this site was wheat and 

the land had been fallow for a year. Soil samples were taken one month 

before planting and found to contain on the average 17.17 ppm of N and 

1.25 ppm of available P. 

2 The experimental plots were 8m, separated from each other by 

buffer rows of pinto beans. The seedbeds were spaced 1 m from the 

center. The experimental design was a RGB with four replications. 

The Intercropping treatments were as described previously and 

spacings within the row were as described in the first field experiment. 

Nitrogen was applied pre-plant in the form of (NĤ )2S0̂  (21% N) at the 

rates of: 0, 17.5, 35 and 70 kg N/ha. Phosphorus was applied pre-plant 

In the form of triple-superphosphate (45% ̂ 2̂ 5̂  rates of 0, 21.5, 

A3, 86 kg The Intercropping and fertilizer treatments are 

presented In Table 1. 

Mung beans and pinto beans were drilled with a hand-pushed 

Planet Jr. planter, on June 30, 1978. Summer squash was planted on 

July 7, 1978. 

Leaf petiole samples were taken at the flowering/fruiting stage 

and dried in a forced-air oven at 80°C for at least 48 hours. They 

were ground in a Wiley mill, using a 20 mesh sieve, stored in glass 

vials and later analysed for NĜ -N and P. 
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Table 1. Intercropping, nitrogen and phosphorus treatments on mung bean, 
pinto bean and summer squash (Marana-Summer, 1978). 

Fertilizer treatments (Ke/Ha) 
Nitrogen Phosphorus 

Crop Regime (N) (P2O5) 

Monogrown mung bean 0 86 
I t  17.5 86 
I I  35 66 
I f  70 86 
I f  70 0 
t l  

70 21.5 
I I  70 43 

Monogrovn pinto bean 0 86 
I I  17.5 86 
• I  35 86 
I I  70 86 
I I  70 0 
I t  70 21.5 
I I  70 43 

Honogrovn suimner squash 0 86 
I I  17.5 86 
I I  35 86 
I I  70 86 
I f  70 0 
I f  '70 21.5 
I I  70 43 

Summer squash intercropped 
86 with mung bean 

I I  

0 86 with mung bean 
I I  17.5 86 • 
I I  35 86 
I I  70 86 
I I  70 0 
I I  70 21.5 
I f  70 43 

Summer squash Intercropped 
with pinto bean 

t l  
0 86 with pinto bean 

t l  17.5 86 
I I  35 86 
• I  70 86 
I f  70 0 
f f  70 21.5 
I f  70 43 
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2 
Yield data were obtained by harvesting the inner 4 m of each 

plot in all cases. Squash yields were obtained from several harvests 

beginning 5 weeks after germination until the beans were ready for 

harvesting. 

Effects of Intercropping and Plant Population on Growth 
and Yields of Hing Bean. Pinto Bean and Summer Squash 

This experiment was conducted at the University of Arizona Ex

periment Station, Marana, and the design was a RCB with four replica-

2 
tions. Each plot was 16 m with buffer rows of pinto beans separating 

the plots. A pre-plant application of fertilizer with analysis of 16-20-0 

was made at the rate of 300 kg/ha. This was done by broadcasting and 

later incorporating the fertilizer at the time of seedbed preparation. 

Beds were spaced 1 m from the center and plants were furrow irrigated 

as required. 

Mung beans, pinto beans and summer squash were planted by use of 

tractor-drawn cone-planter on June 14, 1979. Intercropping and spacing 

treatments are shown in Table 2. 

Determination of Photosynthetically Active 
Radiation (PAR) 

Photosynthetically active radiation (PAR) intercepted by the 

crop canopy in all the crop regimes was determined with a light meter 

(LI-COR Model LI-185A Quantum/Radiometer/Photometer, from Lambda In

struments Corp.) when the mung beans and pinto beans had attained maxi

mum growth and fruiting was at the peak stage. The readings were made 

between 1130 hr and 1330 hr when the sky was clear. Readings were taken 

at three points: on top of the canopy, at the middle of the canopy and 
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Table 2. Intercropping and spacing treatments on mung bean, pinto bean and 
summer squash (Marana-Summer, 1979). 

Crop Regime Mung bean 
Row Spacing 
Pinto bean Summer squash 

Monogrown 
f t  

2 
5 
8 

-cm— 

A 
8 
12 

25 
50 
100 

Summer squash intercropped with 
mung bean 2 

5 
8 
2 
5 
8 
2 
5 
8 

25 
25 
25 
50 
50 
50 
100 
100 
100 

Summer squash intercropped with 
pinto bean A 

8 
12 
A 
8 
12 
A 
8 

12 

25 
25 
25 
50 
50 
50 
100 
100 
100 
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at the ground level. The average FAR on top of the canopy was 2200 

-2 -1 
microelnsteins m s . The percentage of PAR Intercepted at both the 

middle and ground level was computed on the basis of the PAR reaching 

the top of the canopy. 

Growth Analysis 

Plant growth of beans was determined by weighing samples of dry 

matter of the shoots, seeds and pod walls; computation of leaf area 

(AL), specific leaf weight (SLW), LAI, leaf weight ratio (LWR), leaf 

area-to-leaf weight ratio (LAWR), leaf area ratio (LAR) and harvest 

index (HI). Growth of summer squash was determined as for beans ex

cept that the dry weight of fruit was not included in the computations 

since squash is consumed at the Immature stage. All values were ad-

2 
justed to units/Am . 

Plant samples were taken when the growth of both mung beans and 

pinto beans was maximal. Summer squash will continue to grow as long 

as temperatures are high and adequate moisture is available. 

Leaf area was determined from sub-samples with an automatic 

leaf area meter (Type AAM-5, Hayashl Denko Co., Ltd., Tokyo, Japan). 

The total leaf areas in each sample of plants were calculated. Leaf 

area index (LAI) was calculated on the basis of the leaf areas thus 

determined. Leaf area Index has been defined by Watson (1947) as the 

area of leaf surface (one surface) in a stand per unit ground area. 

Formulae used to calculate some of the growth parameters are: 

Total Dry Weight (TDW-beans) «= ® 

Total Shoot Weight (TSW-summer squash) = Wĵ +Wg, g 
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W 
Specific Leaf Weight (SLW) = g/dm̂  

Leaf Weight Ratio (LWR) " ̂  » g/g 

'  ̂ 2 
Leaf Area-to-Leaf Weight Ratio (LAWR) = —, dm /g 

\ 2  ̂
Leaf Area Ratio (LAR) = dm /g 

P W r 
Harvest Index (Hl-beans) = g/g 

2 2 
Leaf Area Index (LAI) = dm /dm 

g 

Where Ŵ  ̂Is seed weight, Ŵ  ̂is pod wall weight, Ŵ  ̂is leaf weight, 

Wg is stem weight, Ŵ  is plant weight, TDW is total dry weight, Â  ̂is 

leaf area-j and A is groimd area occupied by the plants under study. 
g 

2 
Yield data were obtained by harvesting the inner A m of each 

plot. Summer squash yields were obtained in the same manner described 

in the previous experiments. 

Determination of Possible Allelopathy Among 
Mung Bean, Pinto Bean and Summer Squash 

The method adopted for this part of the study was that used by 

Newman and Rovlra (1975), with some modifications. Two groups of pots 

were used. One group consisted of 'donor pots' while the other con

sisted of 'receiver pots'. Leachate from the donor pots was applied to 

the receiver pots, and the growth of the plants in the receiver pots 

was used to assess response to the leachates. All pots were one gallon 

plastic containers. Each donor pot was placed in a leachate collecting 

pot from which the leachate was transferred to a beaker, adjusted to 

250 ml with distilled water and then administered to the receiver pots. 

Both 'donor' and 'receiver' pots contained 3, 178 g of grade 20 sand per 



pot. The sand was thoroughly washed with tap water followed by dis

tilled water. 

Seeds were sown in both 'donor' and 'receiver' pots on January 

28, 1980, at the rate of five seeds per pot. Summer squash was thinned 

to two plants per pot and both mung beans and pinto beans were thinned 

to three plants per pot. The experimental design was a CRB with three 

replications. The 'donor' control pots were filled with sand only, but 

application of nutrient solution and leachate collection were done ex

actly in the same manner as those with plants growing in them. The 

nutrient solution used was that suggested for cucumber (Ellis et al., 

1974). Nutrient applications began after all the seedlings had emerged 

and were maintained at 250 ml dally till harvest. 

Leachates were collected twice a week. Dry sand held 700 ml of 

water, but it was determined that the sand could absorb 200 mis daily, 

an additional 250 ml was added which ran through the bottom holes into 

the collecting container beneath. The leachates collected from the 

donor plants were made up to 250 ml and added to the appropriate 're

ceiver pots'. This was repeated twice a week till the receiver plants 

were harvested. The materials were separated into roots, and shoots 

followed by drying in a forced-aid oven at 80°C. Weights were taken 
I 

and analysis of variance computed for total dry weights. 

Determination of Nitrate-Nitrogen 

The method used was that suggested by Paul and Carlson (1968) 

with some modifications. An Orion Research Nitrate Ion Electrode Model 

92-07 was used. Aluminum sulfate stock solution (.2SM) was prepared by 



dissolving 315.196 g of Al2(S0̂ )in distilled water and diluting 

it to 2 liters. The solution was filtered to clarify. A preservative 

solution was prepared by dissolving 0.1 g of CgHgHgOOCCĤ  (phenylmer-

curic acetate) in 20 ml of Ĉ Hg02 (dioxane) and diluting the contents 

to 100 ml with distilled water. 

A nitrate standard stock solution (1000 mg NÔ -N/liter) was 

prepared by dissolving 7.221 g of dry KNÔ  in water. Then 100 ml 

aluminum sulfate stock solution was added, followed by 1 ml of pre

servative solution. The contents were diluted to 1 liter with distill

ed water. A set of nitrate standard working solutions were prepared by 

transferring quantities of 5, 25, 50, and 75 ml of nitrate standard 

solution to 250 ml volumetric flasks. To each flask, 25 ml of aluminum 

sulfate stock solution were added, followed by 0.25 ml of preservative 

solution. The contents were diluted to 250 ml with distilled water. 

Such solutions gave 20, 100, 200 and 300 mg of NÔ -N/liter. 

An extracting solution was prepared by mixing 200 ml of 

aluminum sulfate stock solution (0.25M), 20 ml of nitrate stock stan

dard solution and 2 ml of preservative solution. The contents were 

then diluted to 2 liters. The procedure employed in this study was 

that samples of 0.4 g of dry tissue were weighed into 100 ml beakers, 

followed by addition of 40 ml of extracting solution to each beaker and 

stirred for 15 minutes. The contents were filtered into 100 ml beakers 

and the electromotive force (EMF) was measured using an Orion Research 

Nitrate Ion Electrode, Model 92-07. The NÔ -N concentration in the un

known samples were determined from the standard curves which had been 

plotted on semilog paper: EMF vs. NÔ -N concentration. The following 
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foinnula was used to calculate the NÔ -N concentrations in the unknown 

samples in ppm of NĜ -N: 

(mR N/1-10) X 40  ̂° ̂  ̂r— = ppm N0--N in dry tissue 
weight of sample 3 

Determination of Phosphorus 

The method employed in this study was the Vanadate-Molybdate-

Yellow method described by Chapman and Pratt (1961) with some modifica

tions. A vanadate reagent (4 liters) was prepared by mixing the two 

solutions described here: 100 g of (NĤ )gMo02̂ *41120 were dissolved in 

1600 ml of distilled water, thus constituting solution one. Solution 

two mas made by dissolving 5 g of NĤ VÔ  (ammonium metavanadate) in 

1200 ml of distilled water, heating to the boiling point to facilitate 

dissolution. The solution was cooled and then 1000 ml of concentrated 

HNÔ  were added. Solutions one and two were mixed, thus constituting 

the vanadate reagent. 

A standard solution was prepared by dissolving 0.2195 g of 

KH2P0̂  In distilled water, diluting to 1 liter which gave 50 ppm of P. 

From this solution, aliquots of 0, 5, 10, 15, 20, 30 and 35 ml were 

taken and diluted to 100 ml in volumetric flasks. These were used for 

preparing a standard curve. 

The procedure employed in this study was that dry samples each 

of 0.4 g of plant materials which had been ground in a Wiley mill using 

a 20 mesh sieve were placed into 50 ml Pyrex beakers and ashed in a 

muffle furnace at 500°C for at least 5 hours, beginning with a cold 

furnace to prevent oxidation. Then the contents were cooled, moistened 

with a few drops of distilled water, followed by addition of 5 ml of 5N 
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HNÔ  to each beaker and warming on a hot plate. About 30 ml of dis

tilled water were added to each beaker and the contents filtered, rins

ing the beaker and filter paper a few times. All the filtrate was 

caught In 100 ml volumetric flasks and 20 ml of vanadate solution were 

added to each flask and the contents made to volume. After thorough 

mixing, the solutions were allowed to stand for at least 15 to 20 

minutes before reading the percent transmlttance on a B&L Spectronlc 20 

spectrophotometer at 440 m wavelength. The amount of P In each solu

tion was determined from the standard curve. In order to determine the 

quantities of P in the plant tissue, the following formula was employed: 

r, . 1  ̂ ppm P from curve x 100 ppm P in plant = ; . . ̂ . 
sample weight In g 

Analysis of Data 

Analysis of Each Crop 

All the data obtained in this study were coded on computer cards 

and analysed In respect to each crop on the basis of each treatment. 

Analysis of variance (ANOVA) was computed in respect to each of the de

termined growth parameters. Correlation coefficients were also computed 

for each crop on growth parameters, NÔ -N and P concentration and yield. 

Regression analysis was also computed for selected parameters. 

Comparisons of Two Crops 

Among the many methods reviewed on comparing performance of two 

or more crops grown together, the author considers the use of Land 

Equivalent Ratio (LER) to be the most appropriate. The LER answers the 

question: How many units of land area are required to produce in 
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monocultures the same quantities of each crop produced by one land area 

of intercrop? A LER greater than one Indicates that more land is re

quired by the monocultures, and thus, the Intercrop has greater produc

tivity than the monoculture. The formula used in this case was: 

I I 
Ypl Y h  

LER = —̂   ̂

where y is the yield of either crop 1 (CI) or crop 2 (C2) in either 

monoculture (M) or intercrop I, yield (Y) being quantity per unit area. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The main objective of this study was to answer the question: 

"Does Intercropping summer squash with either mung bean (Phaseolus 

aureus Roxb.) or pinto bean (Phaseolus vulgaris L.) Increase food 

production per unit area of space?" The results will be presented In 

nine parts: (1) the effects of Intercropping and crop placement on 

the yields of mung bean, pinto bean and summer squash, (2) the effects 

of Intercropping and N fertility levels on growth and/or yield of mung 

bean, pinto bean and summer squash, (3) the effects of Intercropping 

and P fertility levels on yield of mung bean, pinto bean and summer 

squash, (4) the effects of Intercropping and plant population on growth 

and yield of mung bean, pinto bean and summer squash, (5) the Inter

relationship between parameters associated with growth and yield of 

mung bean, pinto bean and summer squash, (6) the effects of Intercrop

ping, and N and phosphorus fertility levels on the concentration of 

NÔ -N and P In the tissue of mung bean, pinto bean and summer squash, 

(7) the relationship between the tissue NÔ -N and P levels and growth 

and/or yield of mung bean, pinto bean and summer squash, (8) symbiotic 

or allelopathlc relationships between summer squash and mung bean or 

pinto bean, and (9) land equivalent ratios. 

63 
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The Effects of Intercropping and Crop Placement 
on Yields of Mung Bean. Pinto Bean and Summer Squash 

Mung bean and pinto bean yields were not significantly affected 

by either intercropping with summer squash or the crop placement pat

tern at the 5% level, although intercropping within a row tended to 

give lower yields than either the monocropped or those Intercropped 

with summer squash on adjacent rows (Table 3). However, summer squash 

yields were reduced by intercropping with either mung beans or pinto 

beans, within row intercropping of summer squash with mung beans 

causing the greatest reductions, followed by within row Intercropping 

with pinto beans, adjacent row intercropping with mung beans and ad

jacent row intercropping with pinto beans, in order of decreasing magni

tude (Table 3). The observations presented in Table 3 are similar to 

those reported by Francis et al. (1976), whereby significantly lower 

bean yields were noted while there was no effect on maize yields. 

The Effects of Intercropping and Nitrogen 
Fertility Levels on Growth and/or Yields 
of Mung Bean, Pinto Bean and Summer Squash 

Growth 

When N was deficient, intercropping either mung beans or pinto 

beans with summer squash had no significant influence on the biomass of 

the intercropped mung beans and pinto beans (Table 4). Increasing the 

N fertility levels tended to favor the biomass production of the mono-

cropped mung beans and pinto beans, but levels beyond 72 ppm of N did 

not seem to be advantageous (Figures 2, 3, 4, 5, 6 and 7). 
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Table 3. Cropping systems (S), crop placement and yields of mung bean, 
pinto bean and summer squash CMaranar-Summer, 1977). 

Crop Cropping System Crop Placement Yield 

g/4m2 
Mung bean Monoculture In-row 329.4* 

Intercropped with 
summer squash In-row 259.A 

Adjacent row 317.5 

Flnto bean Monoculture In-row 792.5 
Intercropped with 
summer squash In-row 530.0 

Adjacent row 663.7 

Summer squash Monoculture In-row 1503A.0a** 
Intercropped with 
mung bean In-row 7660.Oe 

Adjacent row 9668.5c 

Intercropped with In-row 9058.Ad 
Pinto bean Adjacent row 10652.9b 

•Values not followed by a letter within a crop are not significantly 
different at 5% level according to the F Test. 

**Values within a crop followed by the same letter are not significantly 
different at 5% level according to the Student-Newman-Keuls' Test. 



Table 4. Effects of cropping systems (S) and nitrogen fertilization (N) on blomass of mung bean, 
pinto bean and summer squash (Greenhouse, 1978). 

Yield 
N(ppm) 

Roots Shoots 
Crop Cropping System 0 72 144 S means 0 72 144 S means 

•g/ container 

Mimg bean Monoculture 0.85b* 2.48a 2.30a 1.88u 1.34b 11.54a 11.93a 8.27ai 
Intercropped with 
summer squash .0.68b 0.56b 0.56b 0.60v 1.39b 2.33b 2.90b 2.21V 
N means 0.77p 1.52p 1.43p 1.37p 6.94p 7.42p 

Flnto bean Monoculture 1.02c 3.42a 1.86b 2.10U 0.77b 7.77a 8.26a 5.60M 
Intercropped with 
summer squash 1.01c 1.39c 0.88c r.09v 0.55b 3.19b 1.56b 1.77V 
N means 1.02q 2.41p 1.37q 0.66q 5.48p 4.91p 

Summer squash Monoculture 0.33b 2.75a 2.44a 1.84u 0.96b 11.57a 13.26a 8.60̂ 1 
Intercropped with 
mung bean 0.41b 2.28a 1.93a 1.54u 0.86b 12.13a 11.70a 8.23ii 

Intercropped with 0.38b 1.80a 2.50a 1.56u 0.80b 11.39a 12.63a 8.27JU 
pinto bean 
N means 0.37q 2.28p 2.29p 0.87q 11.70p 12.53p 

•Values followed by the same letter within a crop, blomass category and letter series are not signif
icantly different at the 5% level according to the Student-Newman-Keuls' Test. 

cn 
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Figure 2. Effects of intercropping and nitrogen fertility on 
root dry weight of mung bean. 
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Figure 3. Effects of intercropping and nitrogen fertility on 
shoot dry weight of mung bean. 
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Figure 5. Effects of intercropping and nitrogen fertility on 
shoot dry weight of pinto bean. 
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Figure 6. Effects of intercropping and nitrogen fertility on 
root dry weight of sunnner squash. 
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Figure 7. Effects of intercropping and nitrogen fertility on 
shoot dry weight of summer squash. 
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Notably, the blomass production of sumner squash was not ad

versely affected by Intercropping with either mung beans or pinto beans. 

Although N deficiency resulted in blomass reductions In both monocropped 

and Intercropped summer squash. Increasing N level beyond 72 ppm did not 

result In significant yield Increases at the 5% level (Table 4 and 

Figures 6 and 7). Wlggans (1934) found that the percentage of total 

dry matter In corn grown with soybeans was not significantly changed, 

but the percentage of dry shelled grain In the total dry matter was sig

nificantly reduced. 

Economic Yield 

Nitrogen fertility levels did not affect the economic yields of 

either the Intercropped or monocropped mung beans, pinto beans and 

summer squash when grown In the field (Table 5), a factor which could 

be attributed to the possibility that the initial soil N levels were 

near the optimum needed for production of mung beans, pinto beans and 

summer squash. Also, Intercropping mung beans or pinto beans with 

suimner squash did not affect the yields of either mung beans or pinto 

beans (Table 5). 

Notable reductions were observed when summer squash was Inter

cropped with mung beans (Table 5). The yields of monocropped summer 

squash were not significantly different from those of the summer squash 

intercropped with pinto beans at the 5% level. Further illustrations 

on the relationship between intercropping summer squash with either 

mung beans or pinto beans at different N fertility levels are presented 

(Figures 8, 9 and 10). 



T£̂ le 5. Effects of cropping systems (S) and nitrogen fertilization (N) on yields of mung bean, pinto 
bean, and summer squash (Marana-Summer, 1978). 

Yield 
N(kg/ha) 

Crop Cropping System 0 17.5 35 70 S means 

g/4iii2 • • • — 

Mung bean Monoculture 318.0* 297.5 375.0 416.3 351.7 
Intercropped with 
summer squash 268.8 340.0 290.0 231.3 282.5 
N mean 293.4 318.8 332.5 323.8 

Pinto bean Monoculture 378.8a** 428.8a 406.8a 360.8a 393.6ji 
Intercropped with 
summer squash 233.8a 272.5a 238.8a 243.0a 247.On 
N mean 306.3p 350.6p 322.8p 301.5p 

Summer squash Monoculture 5533.5a 5356.8a 3990.5ab 4732.3a 4903.3ju 
Intercropped with 
mung bean 2746.3b 2634.3b 1843.5b 1742.0b 2241.6V 
pinto bean 3937.0ab 4300.5a 4685.0a 3511.3ab 4108.4v 
N mean 4072.3p 4097.3p 3506.3p 3328.5p 

*Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 

**Values followed by the same letter within a crop and letter series are not significantly different 
at 5% according to the Student-Newman-Keuls' Test. 
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Figure 8. Effects of intercropping and nitrogen fertility on 
seed yield of mung bean. 
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Figure 9. Effects of Intercropping and nitrogen fertility on 
seed yield of pinto bean. 
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Figure 10. Effects of Intercropping and nitrogen fertility 
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Since mung beans tended to grow more upright than summer squash, 

it can be inferred that the yields of summer squash intercropped with 

mung beans were reduced because of shading. It should be noted that the 

results presented in Table 5 are a contrast to what is presented in 

Table 4. Table 4 illustrates that when grown in the same container, 

summer squash dominated both mung beans and pinto beans whereas Table 

5 shows a marked dominance of mung beans over summer squash when grown 

in the field. 

In a study involving partitioning of the roots and shoots to 

determine the competition between two grasses for light and for N, 

Donald (1958) found that the aggressor species showed a negative in

teraction in the effect of the two modes of competition; it was slightly 

reduced in yield by competition for either factor alone, but when com

petition for both factors was operative, it achieved almost the same 

yield as in the absence of competition. Donald's findings are similar 

to the results presented in Tables 4 and 5 whereby the aggressive ad

vantage seems to be the ability to intercept more light under certain 

planting pattern. Similar ascertions have been made by Williams, 

Tucker and Guerrero (1978) in the case of Lima beans; Williams (1964) 

in cases where Chenopodium album L. was introduced earlier than kale 

(Brassica oleracea var. acephala) in the mixture. 

The Effects of Intercropping and Phosphorus Fertility 
Levels on Yields of Mung Bean. Pinto Bean and Summer Squash 

Increasing P fertility level did not result in increases in 

yields of mung beans, pinto beans or summer squash (Table 6). Inter

cropping either mting beans or pinto beans with suimner squash did not 



Table 6. Effects of cropping systems (S) and phosphorus fertilization (P) on yield of mnng bean, 
pinto bean and summer squash (Marana-Summer, 1978). 

Yield 
P20g(kg/ha) 

Crop Cropping System 0 21.5 43 86 S means 

/ F g/4sqm 

Mung bean Monoculture 293.8* 310.5 344.3 416.0 341.2 
Intercropped with 
summer squash 317.0 370.0 401.3 231.3 329.9 
F means 305.4 340.3 372.8 323.7 

Pinto bean Monoculture 397.0a** 310.0a 357.5a 360.0a 356.Ip 
Intercropped with 
summer squash 218.8a 286.3a 166.0a 243.0a 228.5ii 
F means 307.9p 298.2p 261.8p 301.5p 

Summer squash Monoculture 4965.8ab 4493.0abc 5341.0a 4732.3ab 4883.011 
Intercropped with 
mung bean 1419.5d 1899.3cd 2333.5bcd 1742.Ocd 1848.6V 
Intercropped with 
pinto bean 4176.0abcd 3212.Sabcd 3944.3abcd 3511.3abcd 3711.1M 
P means 3520.4p 3201.7p 3872.9p 3328.5p 

*Values not followed by a letter within a crop are not significantly different according to the F Test. 

**Values followed by the same letter within a crop and series are not significantly different at 5% 
level according to the Student-Newman-Keuls' Test. 



reduce the yields of either mung beans or pinto beans. However, suminer 

squash Intercropped with mung beans had significantly lower yields than 

monocropped summer squash at the 5% level while no significant differ

ences were noted between the yields of monocropped summer squash and 

summer squash Intercropped with pinto beans (Table 6). Figures 11, 12 

and 13 Illustrate the relationship between Intercropping, P fertility 

levels and yields of mung beans, pinto beans and summer squash. 

The IRRI trial on the response of com, mung bean, and com-

mung bean intercrop to P showed that no combination responded to F up 

to a level of 270 kg of P̂ Ô /ha (IRRI, 1974). In their study on the 

response of nine vegetable crops to P concentration in the soil solu

tion, Nishimoto, Fox and Parvin (1977) found that most of the crops 

studied produced maximum yields at 0.2 to 0.3 ppm of P in the soil 

solution. It should be recalled that the soil on which the experiment 

was conducted had an average of 1.25 ppm of available P. Hence, the 

findings of Nishimoto et al. (1977) support the author's feelings that 

the lack of response to P by monocropped and Intercropped mung beans, 

pinto beans and summer squash Is attributable to the possibility that 

the soil P level was above the optimum for mung bean, pinto bean and 

summer squash. 

The Effects of Intercropping and Plant Population on 
Growth and Yield of Mung Bean. Pinto Bean and Summer Squash 

Stem Dry Weight 

Data presented (Table 7) show that intercropping mung beans 

with summer squash spaced at 25, 50 and 100 cm within the row did not 
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Figure 11. Effects of Intercropping and phosphorus fertility 
on seed yield of mung bean. 
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Figure 12. Effects of intercropping and phosphorus fertility 
on seed yield of pinto bean. 
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Figure 13. Effects of Intercropping and phosphorus fertility 
on fruit yield of summer squash. 



Table 7. Effects of row spacing and summer squash spacing level on stem dry weight of mung bean and 
pinto bean (Marana-Summer, 1979). 

Stem Dry Weight 
Bean Row Summer squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

n I /• ni^ 

Mung bean 8 1783.8bc* 1863.5bc 

g/ 4m 

1668.3bc 1285.0c 1650.2V 

5 3368.2bc 2255.Ibc 2415.6bc 1988.4bc 2506.8V 

2 3376.Obc 6144.9a 4428.Sab 3767.4bc 4429.2;i 

Average 2842.7p 3421.2p 2837.5p 2346.9p 

Pinto bean 12 1489.2abcd 870.3cd 777.8d 582.3d 929.9V 

8 1786.labc 1150.4abcd 916.3bcd 590.3d 1110.8V 

4 1957.7a 1897.4ab 1781.9abc 1835.7abc 1868. 2JLI 

Average 1744.3p 1306.Op 1158.7p 1002.8p 

*Values followed by the same letter within a crop and letter series are not significantly different at 
5% level according to the Student-Newman-Keuls' Test. 
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significantly affect the stem dry weight of mung beans at the 5% level. 

However, increasing the mung bean plant population resulted in corres

pondingly high stem dry weight, within row spacing at 2 cm giving sig

nificantly higher stem dry weight at the 5% level. Notably, 

Intercropping mung beans spaced at 2 cm with summer squash spaced at 

100 cm within the row gave the highest stem dry weight of mung beans 

(Table 7). 

Stem dry weight of pinto beans was also affected by inter

cropping with summer squash at 25, 50 and 100 cm within the row. It 

was noted that increasing the plant population of pinto beans resulted 

in corresponding increases in pinto bean stem dry weight (Table 7). 

Spacing pinto beans at 4 cm within the row gave significantly higher 

stem dry weight yields at the 5% level. 

Furthermore, Table 8 shows that intercropping summer squash 

with either mung bean spaced at 2, 5 and 8 cm or pinto beans spaced at 

4, 8 and 12 cm did not significantly affect the stem dry weight of 

summer squash at the 5% level. However, increasing the summer squash 

plant population resulted in correspondingly increased stem dry weight 

of summer squash, spacing at 25 cm within the row giving significantly 

higher stem dry weight yields at the 5% level (Table 8). The highest 

stem dry weight was obtained when summer squash, spaced at 25 cm with

in the row, was intercropped with mung beans spaced at 2 cm within the 

row. This implies that plant population was the sole factor responsible 

for the hî  stem dry weight yields. 



Table 8. Effects of row spacing and mung bean and pinto bean spacing levels on stem dry weight of 
summer squash (Marana-Summer, 1979). 

Stem Dry Weight 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Mbnocropped 8 5 2 12 8 4 Average I 

g/4m̂  

100 431e* 377 384e 420e 400e 446e 581e 434v 

50 990cde 1233a-e 1378a-e 1408a-e 632e 1113b-e 713de 1067v 

25 1822abc 1817abc 1316a-e 2255a 1416a-e 2063ab 1699a-d 1769ii 

Average lOSlp 1142p 1026p 1361p 816p 1207p 998p 

V̂alues followed by the same letter and letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



Leaf Dry Weight 

The highest leaf weight of mung beans was attained at within 

row spacing of 2 cm intercropped with summer squash at within row 

spacing of 100 cm (Table 9). All other cropping regimes did not sig

nificantly influence the leaf dry weight at the 5% level. Pinto bean 

leaf dry weight was not significantly reduced by intercropping with 

summer squash at within row spacing of 25, 50 and 100 cm, but there 

was a tendency of decreasing leaf yield as the pinto bean plant popu

lations decreased (Table 9). Similarly, the leaf dry weight of pinto 

beans tended to decrease as the population of companion summer squash 

Increased, a factor which could be attributed to shading by summer 

squash. 

Table 10 reflects a similar trend displayed by both the mung 

beans and the pinto beans, showing that the highest leaf dry weight 

yield was attained at within row summer squash spacing of 25 cm inter

cropped with mung beans at 2 cm. At high plant populations, intercrop

ping summer squash with either mung beans or pinto beans did not 

adversely reduce the leaf weight per unit area of land. However, as 

the plant population decreased, there was a corresponding reduction in 

leaf yield resulting from competition by both mung beans and pinto 

beans. Notably, pinto beans offered the most significant competition, 

especially when summer squash was spaced at both 50 and 100 cm within 

the row. 



Table 9. Effects of row spacing and sunnner squash spacing level on leaf dry weight of mung bean and 
pinto bean (Marana-Summer, 1979). 

Leaf Dry Weight 
Bean Row Summer squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

Mung bean 8 1142.3b* 669.8b 

• • • g/ 

606.7b 719.9b 784.7»i 

5 820.0b 953.0b 1094.3b 846.2b 928.4*1 

2 1089.1b 2372.2a 1181.2b 1504.9b 1536.9»i 

Average 1017.Ip 1331.7p 960.7p 1023.7p 

Pinto bean 12 865.2a 411.9a 274.8a 216.8a 442.2u 

8 841.5a 691.9a 342.1a 194.6a 517.5ji 

A 984.9a 879.8a 735.3a 777.3a 844.3)1 

Average 897.2p 661.2p 450.7p 396.2p 

V̂alues followed by the same letter within a crop and letter series are not significantly different at 
5% level according to the Student-Newman-Keuls' Test. 

00 
00 



Table 10. Effects of row spacing and mung bean and pinto bean spacing levels on leaf dry weight of 
summer squash (Marana-Summer, 1979). 

Leaf Dry Weight 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

g/4m̂  

100 1558a-d* 50 7d 443d 359d 402d 404d 424d 585v 

50 1233a-d 1162a-d 1045a-d 1061a-d 513d 971bcd 635cd 946v 

25 1935ab 2135ab 1475a-d 2242a 1447a-d 2067ab 1732abc 1862»i 

Average 1575p 126 8p 988p 1220p 787p 114 7p 930p 

*Values followed by the same letter and letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 
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Pod Wall Weight 

Data presented In Table 11 Illustrate that the highest pod wall 

weight was attained when mung beans were spaced at 2 cm within the rows 

and Intercropped with summer squash at 100 cm within the row, followed 

by intercropping at the same mung bean spacing with summer squash at 

50 cm within the row. All other cropping regimes did not produce sig

nificantly different pod wall yields at the 5% level. Pinto bean pod 

wall weights were highest at within row spacing of 4 cm when mono-

cropped, but this yield was not significantly higher (at the 5% level) 

than when pinto bean was spaced at 4 cm and intercropped with summer 

squash at within row spacing of 25 and 100 cm or monocropped at within 

row spacing of 8 cm (Table 11). In all other cases, no significant 

differences were evident. 

Total Dry Weight 

In the case of mung beans and pinto beans, the total dry matter 

consisted of shoot, seed and pod wall weights whereas in the case of 

summer squash, only shoot weight was determined. Since the summer 

squash fruit is consumed at the Immature stage, it would have been im

practical to include its dry weight. 

Table 12 demonstrates that mung beans spaced at 2 cm within 

the row benefited significantly from Intercropping with summer squash 

at within row spacing of 25, 50 and 100 cm. In all other cropping re

gimes, no significant effects were evident. The monocropped pinto beans 

at all spacings did not produce significantly higher total dry weights 

than those spaced at 4 cm within the row and intercropped with summer 



Table 11. Effects of row spacing and summer squash spacing level on pod wall welgiht of mimg bean and 
pinto bean Qfarana-Summer, 1979). 

Crop 
Bean Row 

Spacing (cm) 

Pod Wall Weight 

Monocropped 
Summer squash spacing (cm) 
100 50 25 Average 

Mung bean 

Pinto bean 

8 

5 

2 

Average 

12 

8 

4 

Average 

498.7bc* 

407.7bc 

545.2bc 

483.9p 

424.6bcd 

895.7ab 

1071.5a 

797.3p 

351.Obc 

433.8bc 

1077.3a 

620.7p 

351.7bcd 

544.8bcd 

799.7abc 

565.4p 

g/4m 

294.9c 

490.Obc 

784.6b 

523.2p 

323.2bcd 

465.7bcd 

466.8bcd 

418.6p 

312.1c 

417.0b 

703.Ibc 

477.4p 

277.4cd 

170.4d 

861.2abc 

436.3p 

364.2V 

437.lv 

777.6M 

344.2V 

519.2mv 

799.811 

*Values followed by the same letter within a crop and letter series are not significantly different at 
the 5% level according to the Student-Newman-Keuls' Test. 
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squash at within row spacings of 25, 50 and 100 cm or spaced at 8 cm and 

intercropped î ith summer squash at 100 cm. At lower pinto bean popula

tions, the magnitude of total dry weight reduction by intercropping with 

summer squash tended to increase with the increase in summer squash 

plant population (Table 12). 

Summer squash shoot dry weight was highest when spaced at 25 cm 

within the row regardless of whether it was monocropped or intercropped 

(Table 13). Decreasing the summer squash plant population resulted in 

reductions in shoot dry weight by intercropping with either mung beans 

or pinto beans, but there were no significant reductions associated 

with the plant popiJ.ation of either mung beans or pinto beans (Table 

13). It can therefore be Inferred that the higher shoot yields re

corded at within row spacing of 25 cm were due to summer squash popula

tion and as such at high plant populations, summer squash was not 

suppressed by Intercropping with either mung beans or pinto beans. 

Notably, the highest shoot weight was obtained when summer squash was 

spaced at 25 cm within the row and Intercropped with mung beans at 

within row spacing of 2 cm, followed by Intercropping with pinto beans 

at within row spacing of 8 cm. The implications of the results in 

Tables 12 and 13 are that at high plant populations, interspecific 

competition was beneficial to the Intercrops. 

Leaf Area 

Significantly higher leaf area was obtained when mung beans 

were spaced at 2 cm within the row and intercropped with summer squash 

at within row spacing of 100 cm, followed by intercropping with summer 



Table 12. Effects of row spacing and sunnner squash spacing level on total dry weight of mung bean and 
pinto bean (Marana-Sunmer, 1979). 

Total Dry Weight 

Crop 
Bean Row 

Spacing (cm) Monocropped 
Summer squash spacing (cm) 

100 50 25 Average 

Mung bean 

Pinto bean 

8 

5 

2 

Average 

12 

8 

4 

Average 

3966.4bc* 

5185.4bc 

5602.8bc 

4918.2p 

3222.4abc 

4040.5a 

4574.1a 

3945.7p 

3417.7bc 

4166.8bc 

10082.9a 

5889.Ip 

2040.2bcd 

2878.1abcd 

3932.lab 

2950.Ipq 

g/4m 

2904.2bc 

4442.2bc 

6816.9ab 

4721.1p 

1628.9cd 

2066.5bcd 

3226.4abc 

2307.3q 

2475.5c 

3389.Ibc 

6376.5ab 

4080.4p 

1187.5d 

1103.5d 

3699.9ab 

1997.Oq 

3191.0V 

4295.9V 

7219.8ii 

2019.8V 

2522.2V 

3858.lu 

•Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 

VO 



Table 13. Effects of row spacing and mung bean and pinto bean spacing levels on shoot dry weight of 
summer squash (Marana-Summer, 1979). 

Shoot Dry Weight 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

- g/Am̂  

100 1989def* 884f 827f 779f 802f 850f 1005ef 1019v 

50 2224c-f 2395b-f 2423b-f 2469b-f 1145ef 2084c-f 1348ef 2013v 

25 3756a-d 3952abc 2790a-f 4497a 2863a-e 4130ab 3431a-d 363111 

Average 2656p 2410p 2013p 2581p 1603p 2355p 1928p 

*Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



squash at within row spacing of 50 cm (Table 14). Significantly lower 

leaf area values were observed when mung beans were spaced at 8 cm 

within the row, the lowest being when the mung beans were Intercropped 

with summer squash at 25 cm within the row. High summer squash popu

lations combined with mung beans spaced at either 5 or 8 cm reduced 

the leaf area significantly. 

Significant leaf area reductions were evident when pinto 

beans were either planted within row spacing of 8 cm and intercropped 

with summer squash spaced at 25 cm or when they were spaced at 12 cm 

and intercropped with summer squash at spacings of 50 and 25 cm (Table 

14). These reductions in leaf area were most likely due to shading. 

Crookston et al. (1975) found that shading of Phaseolus vulgaris L. 

reduced leaf number, area and thickness. 

Table 15 indicates that the highest leaf area of summer squash 

was attained when the summer squash was spaced at 25 cm and Intercropped 

with mung beans at within row spacing of 2 cm, but there were no sig

nificant differences between that leaf area and the leaf areas obtained 

when summer squash was either monocropped at 25 cm or spaced at 25 cm 

and intercropped with pinto beans spaced at 8 cm. The significant 

differences observed at the 5% level were mainly due to crop popula

tions and not due to intercropping competition (Table 15). 



Table 14. Effects of row spacing and siumner squash spacing level on leaf area of mung bean and pinto 
bean (Marana-Sumner, 1979). 

Leaf Area 
Bean Row Summer squash spacing ( cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

2 _ 

Hung bean 8 1528.Oe* 1287.Oef 1144.6ef 958.6f 1229.6V 

5 2345.Id 2084.Id 2004.4d 1137.7ef 1892.8V 

2 2110.Od 4964.2a 4620.3b 2990.1c 3671.2)1 

Average 1994.4p 2778.4p 2589.8p 1695.5p 

Pinto bean 12 1630.7ab 738.Oab 532.1b 543.9b 861.2ji 

8 1489.6ab 1248.5ab 681.Oab 430.5b 962.4u 

4 1902.4a 1829.4a 1507.7ab 1047.3ab 1571.7ji 

Average 1674.2p 1272.Op 906.9p 673.9p 

*Values followed by the same letter within a crop are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 

VO 
o\ 

/ 



Table 15. Effects of row spacing and mung bean and pinto bean spacing levels on leaf area of summer 
squash (Marana-Summer, 1979). 

Leaf Area 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

dm̂ /Am̂  

100 1333f* 1490f 1397f 1346f 1290f 1406 f 1670ef 1419W 

50 3705cde 3927cde 4275b-f 4092c-f 1804e 3467cde 2061de 3333v 

25 6085abc 5719bc 4873bcd 8197a 4617b-e 6950ab 5248bc 5955U 

Average 3707p 3712p 3515p 4545p 2570p 3941p 299 3p 

•Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



Specific Leaf Weight 

Intercropping mung beans or pinto beans with summer squash 

at different plant populations did not significantly affect the SLW 

of either mung beans or pinto beans (Table 16). Similar results 

were obtained for summer squash Intercropped with either mung beans 

or pinto beans at different plant populations (Table 17). Wolf and 

Blaser (Table 17). Wolf and Blaser (1972) showed that with 100% 

normal daylight, SLW and net carbon exchange values remained high 

throughout the growth cycle; however, with light Intensities of 27 

and 47% of normal daylight, SLW declined. 

Leaf Area-to-Leaf Weight Ratio 

Intercropping mung beans or pinto beans with summer squash 

at different spacing combinations did not Influence the leaf area-to-

leaf weight ratio (LAWR) of either mung beans or pinto beans (Table 

18). Similarly, summer squash LAWR was not Influenced by Inter

cropping with either mung beans or pinto beans at different plant 

populations (Table 19). 



Table 16. Effects of row spacing and sunnner squash spacing level on specific leaf weight (SLW) of 
mung bean and pinto bean (Marana-Summer, 1979). 

Crop 
Bean Row 

Spacing (cm) 

Specific Leaf Weight (SLW) 
Stimmer squash spacing (cm) 

Monocropped 100 50 25 Average 

Mung bean 

Pinto bean 

8 

5 

2 

Average 

12 

8 

4 

Average 

0.5723* 

0.5105 

0.5188 

0.5339 

0.5950a** 

0.5650a 

0.5100a 

0.5567P 

0.5215 

0.5212 

0.6083 

0.5503 

0.5550a 

0.5550a 

0.4550a 

0.5217P 

g/dm — 

0.4522 

0.5440 

0.4030 

0.4664 

0.5125a 

0.4925a 

0.4950a 

0.5000p 

0.5780 

0.4595 

0.5055 

0.5143 

0.3975a 

0.4400a 

0.4100a 

0.4158p 

0.5310 

0.5088 

0.5089 

0.5150M 

0.5131ia 

0.4675U 

•Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 

**Value8 followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 

vo 
\a 



Table 17. Effects of row spacing and mung bean and pinto bean spacing levels on specific leaf weight 
(SLW) of summer squash (Marana-Summer, 1979), 

Summer Squash 
Row Spacing (cm) Monocropped 

Specific Leaf Weight (SLW) 
Mung bean spacing (cm) 
8 5 2 

Pinto bean spacing (cm) 
12 8 2 Average 

100 

50 

25 

Average 

g/dm 

0.6650a* 0.5828a 0.5910a 0.5820a 

0.6058a 0.6040a 0.5668a 0.6073a 

0.6135a 0.6730a 0.5700a 0.5595a 

0.6281p 0.6199p 0.5759p 0.5829p 

0.6170a 0.6092a 0.5900a 0.6053ji 

0.6380a 0.6103a 0.5975a 0.6042ji 

0.6200a 0.6088a 0.6508a 0.6137ja 

0.6250p 0.6094p 0.6128p 

•Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



Table 18. Effects of row spacing and aummer squash spacing level on leaf area-to-leaf weight ratio of 
mung bean and pinto bean (Marana-Summer, 1979). 

Crop 
Bean Row 

Spacing (cm) 

Leaf Area-to-Leaf Weight Ratio 

Monocropped 
Summer squash spacing (cm) 
100 50 25 Average 

Kung bean 

Pinto bean 

8 

5 

2 

Average 

12 

8 

4 

Average 

1.79* 

3.68 

1.95 

2.47 

1.90 

1.83 

1.98 

1.90 

1.93 

2.14 

3.04 

2.37 

1.82 

1.94 

2.07 

1.94 

dm̂ /g 

2.19 

1.84 

4.74 

2.92 

1.99 

1.94 

2.06 

2.00 

1.54 

1.38 

2.00 

1.64 

2.60 

2.32 

2.01 

2.31 

1.86 

2.26 

2.93 

2.08 

2.01 

2.03 

•Values not followed by a letter within a crop and letter series are not significantly different at 
5% level according to the F Test. 

o 



Table 19. Effects of row spacing and mung bean and pinto bean spacing levels on leaf area-to-leaf 
weight ratio of summer squash (Marana-Summer, 1979). 

Leaf Area-to-Leaf Weight Ratio 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

dm̂ /g 

100 1.78b* 3.11a 3.13a 3.71a 3.20a 3.45a 4.04a 3.20» 

50 3.01a 3.40a 4.18a 3.89a 3.70a 3.59a 3.53a 3.61u 

25 3.13a 2.71a 3.34a 3.60a 3.19a 3.30a 3.00a 3.18U 

Average 2.64p 3.07p 3.55p 3.73p 3.36p 3.45p 3.52p 

•Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls* Test. 
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Leaf Weight Ratio 

Data presented in Table 20 show that intercropping either mung 

beans or pinto beans with summer squash at different plant populations 

did not influence the LWR of either raung beans or pinto beans. 

However, summer squash monocropped at 100 cm within the row had 

significantly higher LWR at the 5% level than when the summer squash 

was spaced at 100 cm within the row and intercropped with either mung 

beans spaced at 2 cm within the row or pinto beans spaced at 8 and 4 

cm within the row (Table 21). Also, the same value was significantly 

higher than the leaf weight ratios obtained when summer squash was 

spaced at 50 cm within the row and intercropped with either mung beans 

spaced at 5 and 2 cm or pinto beans spaced at 12, 8 and 4 cm (Table 

21). No significant differences were noticed at all other mung bean 

or pinto bean combinations with summer squash. 

It is therefore noted that at lower plant populations, summer 

squash leaf weight ratio was significantly reduced by intercropping 

with either mung beans or pinto beans at high plant populations, but 

there was no influence when summer squash was spaced at high plant 

population density. 

Leaf Area Ratio 

Intercropping mung beans spaced at 2 cm within the row with 

summer squash spaced at 50 cm within the row resulted in significantly 

higher LAR (Table 22). All other combinations gave LARs which were 

not significantly different at the 5% level. 



Table 20. Effects of row spacing and stnnmer squash spacing level on leaf weight ratio (LWR) of mung 
bean and pinto bean (Marana-Sunmier, 1979). 

Leaf Weight Ratio (LWR) 
Bean Row Sumner squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

g/g 

Hung bean 8 0.3011* 0.1966 0.2080 0.2899 0.2489 

3 0.1837 0.2308 0.2475 0.2537 0.2289 

2 0.1951 0.2164 0.1799 0.2428 0.2086 

Average 0.2266 0.2146 0.2118 0.2621 

Pinto bean 12 0.2477 0.2117 0.1676 0.1847 0.2029 

8 0.2093 0.2427 0.1646 0.1685 0.1963 

4 0.2146 0.2245 0.2326 0.1871 0.2147 

Average 0.2239 0.2263 0.1883 0.1801 

•Values not followed by a letter within a crop and letter series are not significantly different at 
5% level according to the F Test. 



Table 21. Effects of row spacing and mung bean and pinto bean spacing levels on leaf weight ratio 
(LWR) of summer squash (Marana-Summer, 1979). 

Summer Squash 
Row Spacing (cm) Monocropped 

Mung Bean Spacing (cm) 
8 5 2 

Leaf Weight Ratio (LWR) 
Pinto Bean Spacing (cm) 
12 8 4 Average 

100 

50 

25 

Average 

g/g 

0.6742a* 0.5738ab 0.5440ab 0.4645b 0.5117ab 0.4777b 0.4244b 0.5243u 

0.5665ab 0.4927ab 0.4292b 0.4261b 0.4384b 0.4744b 0.4783b 0.4722ii 

0.5341ab 0.5394ab 0.5268ab 0.5019ab 0.5061ab 0.5089ab 0.5136ab 0.5187jj 

0.5916p 0.5353p 0.5000p 0.4642p 0.4854p 0.4870p 0.4721p 

•Values followed by the same letter within a letter series are not significantly different at 5% 
level according to the Student-Newman-Keuls' Test. 



Table 22. Effects of row spacing and summer squash level on leaf area ratio (LAR) of mung bean and 
pinto bean (Marana-Summer, 1979). 

Leaf Area Ratio (LAR) 
Bean Row Summer squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

fn 

Mung bean 8 0.3766b* 0.3776b 

am / g 

0.4158b 0.3898b 0.3900U 

5 0.4250b 0.4975b 0.4556b 0.3442b 0.4306U 

2 0.3802b 0.5449b 0.7684a 0.4763b 0.5425U 

Average 0.3939P 0.4733P 0.5466p 0.4034p 

Pinto bean 12 0.4637** 0.3794 0.3251 0.4841 0.4131 

8 0.3665 0.4306 0.3252 0.3815 0.3760 

4 0.4162 0.4662 0.4872 0.3109 0.4201 

Average 0.4155 0.4254 0.3792 0.3922 

•Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 

**Value8 not followed by a letter within a crop are not significantly different at 5% level 
according to the F Test. 
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Intercropping and plant spacing levels had no significant ef

fects on LAR of pinto beans (Table 22). Similar results were obtained 

when summer squash was Intercropped with either mung beans or pinto 

beans at different spacing levels (Table 23). Wallace and Munger 

(1965) noted that the overall relative growth rate and leaf growth rate 

of pea bean varieties were accompanied by a much higher LAR, suggesting 

that the LAR may be a factor chiefly responsible for the differences in 

growth rates. 

Leaf Area Index 

Increasing the plant population of mung beans did not Increase 

the LAI of mung beans, but intercropping mung beans with summer squash 

spaced at 25 cm within the row tended to Increase the mung bean's LAI 

(Table 24). This observation was unexpected especially in the case 

where the mung beans are Intercropped with high population summer 

squash. One possible explanation is that due to competition for light, 

the mung bean plants remained vegetative for longer periods than those 

which encountered less competition and as such, a greater proportion 

of leaves, not necessarily active in photosynthesis, were present at 

the time of sampling. It should be noted that mung bean is determinate 

and where conditions are ample, fruiting branches appear early, thus 

reducing the proportion of vegetative branches, but if a delay in 

fruiting is imposed, the proportion of vegetative branches may remain 

high and thus reflect a higher LAI. It will be recalled that sampling 

was done at the flowering/fruiting stage when it was considered that 

stress of any nature at that stage would reflect more on the ultimate 



Table 23. Effects of row spacing and mung bean and pinto bean spacing levels on leaf area ratio (LAR) 
of summer squash (Marana-Summer, 1979). 

Leaf Area Ratio (LAR) 
Sumner Squash Mung Bean Spacing (cm) Pinto Bean Spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

dm /g 

100 1.1010* 1.7492 1.6991 1.7192 1.6234 1.6451 1.6800 1.6024 

50 1.6544 1.6650 1.7718 1.6488 1.5716 1.6478 1.6582 1.6597 

25 1.6361 1.4528 1.7552 1.7966 1.6129 1.6745 1.5394 1.6382 

Average 1.4638 1.6223 1.7420 1.7215 1.6026 1.6558 1.6259 

•Values not followed by a letter are not significantly different at 5% level according to the F Test. 



Table 24. Effects of row spacing and sunmer squash spacing level on leaf area Index (LAI) of mung bean 
and pinto bean (Marana-Summer, 1979). 

Leaf Area Index (LAI) 

Crop 
Bean Row 

Spacing (cm) Monocropped 
Summer squash spacing (cm) 
100 50 25 Average 

Mung bean 8 3.8b* 3.2b 4.6b 9.6a 5.3jli 

5 5.9ab 3.3b 5.0b 7. lab 5.3tf 

2 5.3b 3.1b 4.6b 7.5ab 5.1IX 

Average S.Opq 3.2q 4.7pq 8.1p 

Finto bean 12 4.1a 1.8a 1.3a 1.4a 2.2u 

8 3.7a 3.1a 1.7a 1.1a 2.4U 

4 4.8a 4.6a 3.8a 4.5a 4.4ii 

Average 4.2p 3.2p 2.3p 2.3p 

•Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 
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performance of the plants. However, pinto bean's LAI was not signif

icantly influenced by either varying the plant population or intercrop

ping with summer squash at different plant populations (Table 24). 

Increasing summer squash plant population resulted in increased 

LAI of summer squash (Table 25). Intercropping did not significantly 

Influence the LAI of summer squash at each plant population. However, 

it was noted that summer squash spaced at 25 cm within the row whether 

nonocropped or intercropped with either mung beans or pinto beans had 

significantly higher LAI than when summer squash was spaced at 50 cm 

and intercropped with either mung beans spaced at 2 cm or pinto beans 

spaced at 12 and 4 cm or when summer squash was spaced at 100 cm within 

the row and intercropped with either mung beans spaced at 2, 5 and 8 

cm or pinto beans spaced at 4, 8 and 12 cm (Table 25). This shows that 

at low plant populations, summer squash is likely to suffer from com

petition by intercropping with either mung beans or pinto beans more 

than at higher populations, indicating that the beans do not possess 

complete dominance over summer squash. 

Economic Yield 

Seed yield of mung beans was not influenced by decreasing within 

row spacing from 8 to 2 cm (Table 26). However, Intercropping with 

summer squash spaced at 25 and 50 cm significantly reduced the mung 

bean seed yield, the greater reduction being when mung beans were In

tercropped with summer squash spaced at 25 cm (Table 26). Notably, 

intercropping mung beans with summer squash, spaced at 100 cm within 



Table 25. Effects of row spacing and mung bean and pinto bean spacing levels on leaf area index (LAI) 
of summer squash (l-Iarana-Summer, 1979). 

Leaf Area Index (LAI) 
Stmmer Squash Mung Bean Spacing (cm) Pinto Bean Spacing (cm) 
Sow Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

100 3.5efg* 2.1g 1.9g 1.6g 1.6g 1.7g l.Sg 2.0v 

50 5.2cdefg 4.8cdefg 4.6cdefg 4.4defg 2.0g 4.0efg 2.7fg 4.0v 

25 7.9abc 7.7abcd 6.4bcde 10.2a S.Sbcdef 8.5ab 6.6bcde 7.6u 

Average 5.5p 4.9p 4.3p 5.4p 3.1p 4.7p 3.7p 4.5p 

•Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



Table 26. Effects of row spacing on sumser squash spacing level on grain yield of mung bean and 
pinto bean (Marana-Summeri 1979). 

Yield 
Bean Row Summer squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

g/4m̂  

Mung bean 8 541 .6ab* 533. .4ab 334 .3c 158 .5d 392 .Oil 

5 589 .6a 524, .9ab 442 .4abc 137 .5d 423 .6u 

2 592 .5a 488, ,5abc 422 .6abc 401 • Ibc 476 .2}i 

Average 574 .6p 515, ,6p 399 .8q 232 .4r 

Flnto bean 12 443 .5abc 406, .4abc 253 .2cde 111 .le 303 .6)1 

8 517 .2ab 491, .Oab 433 • labc 155 .9e 399 .3ii 

4 560 .Oa 355, .3bcd 242 .4de 225 .7de 345 .9)1 

Average 506 .9p 417, ,5pq 309 .6pq 164 .2q 

•Values followed by the same letter within a crop and letter series are not significantly different 
at 5% according to the Student-Newman-Keuls' Test. 
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the row, did not significantly influence the seed yield of mung beans 

at the 5% level (Table 26). 

Similarly, Increasing pinto bean plant population did not sig

nificantly influence the seed yield of pinto beans (Table 26), but 

intercropping pinto beans with summer squash, spaced at 100, 50 and 

25 cm, caused some reductions in pinto bean seed yield, the highest 

significant reduction at the 5% level being when pinto beans were in

tercropped with summer squash spaced at 25 cm within the row (Table 

26). 

Contrary to the observations found for mung beans and pinto 

beans, summer squash fruit yield was not on the average influenced by 

intercropping with either mung beans or pinto beans (Table 27). How

ever, significantly greater reductions In yield were noted with de

creasing plant populations (Table 27). When summer squash was spaced 

at 50 and 100 cm though, intercropping it with either mung beans or 

pinto beans caused a certain degree of fruit yield reductions. 

These results further support the author's belief that the ad

verse effects of intercropping become evident only when one of the 

companion crops is planted at low populations. 

Harvest Index 

Singh and Stoskopf (1971) reported that the HI in cereals is 

positively correlated with vegetative growth. Increasing the plant 

population of mung beans tended to cause a reduction in HI although 

there were no significant differences in harvest indices at the 5% 

level when mung beans were spaced at 2, 5 and 8 cm (Table 28). 



Table 27. Effects of row spacing and mung bean and pinto bean spacing levels on fruit yield of 
summer squash (Marana-Summer, 1979). 

Yield 
Summer Squash Mung bean spacing (cm) Pinto bean spacing (cm) 
Row Spacing (cm) Monocropped 8 5 2 12 8 4 Average 

g/4m̂  

100 5391c-g* 2958fg 3523efg 2552g 4371efg 2926fg 3391efg 3588w 

50 9645ab 5682c-f 5974cde 6822cd 7456abc 7234bc 5148c-g 6851v 

25 9941ab 10804a 10447a 8099abc 10084a 9999ab 9801ab 9882J1 

Average 8326p 6481p 6648p 5824p 7304p 6720p 6113p 

*Values followed by the same letter within a letter series are not significantly different at 5% level 
according to the Student-Newman-Keuls' Test. 



T̂ le 28. Effects of row spacing and stnmner squash spacing level on harvest index (HI) of mung 
bean and pinto bean (Marana-Summer, 1979). 

Harvest Index (HI) 
Bean Row Summer squash spacing (cm) 

Crop Spacing (cm) Monocropped 100 50 25 Average 

Mung bean 8 0.1A08ab* 0.1647a 0.1265ab 0.0664bc 0.1246)1 

5 0.1321ab 0.1340ab 0.1003abc 0.0398c O.IOI611 

2 0.1063abc 0.0508bc 0.0653bc 0.0656bc 0.0720» 

Average 0.1264p 0.1165P 0.0974P 0.0573P 

Pinto bean 12 0.1581a 0.1869a 0.1572a 0.0884a 0.1477ii 

8 0.1270a 0.1644a 0.1636a 0.1502a 0.1513»i 

4 0.1224a 0.0903a 0.0767a 0.0682a 0.0894M 

Average 0.1358P 0.1472p 0.1325P 0.1023P 

•Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 
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Although not significantly different at the 5% level. Intercropping 

mung beans with summer squash spaced at 25 and 50 cm within the row 

tended to cause slight reductions in the HI, the greatest reduction 

being when mung beans were intercropped with summer squash spaced at 

25 cm within the row (Table 28). 

Similarly, spacing pinto beans at 4 cm within the row resulted 

in the lowest HI although it was not significant at the 5% level 

(Table 28). Intercropping pinto beans with summer squash at all 

spacings did not influence the HI. 

The reason for the decrease in HI of both mung beans and pinto 

beans at high plant population is attributable to the fact that the 

total dry matter was significantly higher at the same populations in 

both cases while seed yield was not significantly higher (Tables 12 

and 26). It will be recalled that: 

. . , Economic yield 
Harvest index = _  ̂ , 

Total biological yield 

The economic yield in this case being seed weight and the total bio

logical yield being the total dry weight. Increasing the biological 

yield without proportionate increase in the economic yield invariably 

reduces the HI, a reflection of inefficient partitioning of trans

locates. 

Light Interception 

Con̂ etition for light has been considered one of the major 

factors contributing towards reductions in yield and growth of plants 

in polycultures. Using 'additive' and 'substitutive' designs, 

Trenbath and Harper (1973) found that shading affected the pattern of 
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growth of Avena species used as Indicators In Interspecific mixtures. 

Lockhart (1961) showed that the slow growth of pinto bean at low light 

Intensity was due to a deficiency of photosynthetic products, while 

growth inhibition at high Intensities was due to a deficiency of 

gibberellic acid (GA). 

Table 29 shows that intercropping mung beans or pinto beans 

with summer squash at different plant spacings did not affect the 

amount of light Intercepted. However, spacing mung beans at 2 cm with

in the row either monocropped or Intercropped with summer squash spaced 

at 100 cm within the row intercepted the greatest percentage of light 

at the middle of the canopy (Table 29). Pinto bean regimes did not 

exhibit any significant differences in light interception at the middle 

of the canopy (Table 29). 

Light Interception by summer squash was neither affected by 

intercropping with either mung beans or pinto beans nor was it affected 

by varying the summer squash spacing (Table 30). 

The Interrelationship Between Parameters 
Associated with Growth and Yield of Mung 

Bean. Pinto Bean and Summer Squash 

Economic Yield 

Data presented in Table 31 show that the economic yield of 

mung beans was not significantly correlated with stem dry weight, leaf 

dry weight, pod wall weight, leaf area, SLW, LAWR, LWR, LAR and the 

percentage of PAR at the middle of canopy. Pinto bean economic yield 

was not significantly correlated with stem dry weight, leaf dry weight, 

leaf area, SLW, LAWR, LWR, LAR, LAI or the percentage of PAR 



Table 29. Effects of row spacing and stnnmer squash spacing level on light interception at the middle 
of canopy (M) and total light interception (T), by mung bean, and pinto bean (Marana-
Summer, 1979). 

Arc Sine of % Light Interception 
Stimmer squash spacing (cm) 

Bean Row Monocropped 100 50 25 Average 
Crop Spacing (cm) M T M T M T M T M T 

Mung bean 8 1.49ab* 0.79** 1.50a 0.79 1.50a 0.79 1.49ab 0.79 1.50U 0.79 

5 1.49ab 0.79 1.49ab 0.79 1.50a 0.79 1.50a 0.79 1.49u 0.79 

2 1.48b 0.79 1.48b 0.79 1.51a 0.79 1.50a 0.79 1.49u 0.79 

Average 1.49p 0.79 1.49p 0.79 1.50p 0.79 1.50p 0.79 

Pinto bean 12 1.50 0.79 1.52 0.79 1.50 0.79 1.50 0.79 1.51 0.79 

8 1.50 0.79 1.51 0.79 1.50 0.79 1.49 0.79 1.50 0.79 

4 1.51 0.79 1.50 0.79 1.50 0.79 1.50 0.79 1.50 0.79 

Average 1.50 0.79 1.51 0.79 1.50 0.79 1.50 0.79 

•Values followed by the same letter within a crop, category and letter series are not significantly 
different at 5% level according to the Student-Newman-Keuls' Test. 

**Value8 not, followed by a letter within a crop and category are not significantly different at 5% 
level according to the F Test. 



Table 30. Effects of row spacing and mung bean and pinto bean spacing levels on light inter
ception at the middle of canopy (M) and total light interception (T) by summer 
squash (Marana-Summer, 1979). 

Arc Sine of Z Light Interception 
Hung Bean Spacing (cm) Flnto Bean Spacing (cn) 

Suaner Squash Monocropped 8 S 2 12 8 4 Average 
Row Spacing (cm) M T M T H T H T M T M T M T M T 

100 1.49* 1.52 1.49 1.51 1.49 1.52 1.48 1.51 1.51 1.53 1.51 1.52 1.50 1.53 1.50 1.52 

50 1.50 1.52 1.50 1.51 1.50 1.53 1.51 1.52 1.50 1.52 1.50 1.53 1.50 1.53 1.50 1.52 

25 1.50 1.52 1.50 1.52 1.50 1.52 1.50 1.52 1.50 1.53 1.49 1.53 1.50 1.53 1.50 1.52 

Average 1.50 1.52 1.50 1.51 1.50 1.52 1.50 1.52 1.50 1.53 1.50 1.53 1.50 1.53 

^Values not followed by a letter within a category are not significantly different at 5Z level according to the F Test. 



Table 31. Correlation coefficients between different parameters associated with growth and 
yield of mung bean (Marana-Smnmer, 1979). 

Econoaic 
Yield 

StCB Dry 
Weight 

Leaf Dry 
Weight 

Pod Wall 
Dry Weight 

Total Dry 
Weight 

(TIW) 
Leaf Area 

(LA) 

Specific 
Leaf Weight 

(SLV) 

Leaf Area-to-
Leaf Weight 

Ratio 

Leaf Weight 
Rat io 
(LWR) 

Leaf Area 
Rat io 
(LAR) 

Leaf Area 
Index 
(LAI) 

Rarveet 
Index 
(HI) 

Stem Dry Weight 0.26 

Leaf Dry Weight 0.22 0.59"* 

Pod Wall Weight 0.20 J 1^76*** 0.78*** 

Total Dry Weight 
(TW) 0.33* 0.96*** 0.77*** 0.87*** 

Leaf Araa (LA) 0.21 0.77*** 0.57*** 0.62*** 0.78*** 

Specific Leaf Weight 
(SLW) 0.14 -0.03 0.42** 0.19 0.11 -0.14 

Leaf Araa-to<>Leaf 
Weight Ratio 0.13 0.40** -0.24 0.04 0.24 0.57*** -0.58*** 

Leaf Weight Eatlo 
(LWR) -0.15 -0.43** 0.37* -0.05 -0.23 -0.22 0,44** -0.61 

Leaf Area Ratio (Uffi) -0.05 0.12 0.04 0.02 0.09 0.68*** -0.40** 0.59*** -0.08 

Leaf Area Index (LAI) -0.«** 0.08 -0.07 -0.13 -0.004 0.09 -0.29 0.20 -0.01 0.18 

Harvaat Index (HI) 0.61*** -0.52*** -0.34* -0.44** -0.46** -0.43** -0.001 -0.12 0.08 -0.15 -0.49** 

Z PAR Interception at 
the Middle of Canopy -0.24 -0.07 -0.19 -0.17 -0.13 -0.02 -0.28 0.07 -0.12 0.10 0,06 -0.04 

^Significant at the 5Z level 
**Slgoificast at the IZ level 
***Slgnifleant at the O.IZ level 

N> 
O 
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Intercepted (Table 32). Summer squash on the other hand, did not ex

hibit significant correlations between economic yield and LAWR, LWR, 

LAR, percentage of PAR at the middle of canopy and the total percentage 

of photosynthetlcally active radiation (Table 33). Very highly signif

icant correlation was found between economic yield and harvest Index of 

mung beans (Table 31). The economic yield of pinto beans was also very 

highly significantly correlated with pod wall dry weight, total dry 

welgiht and HI (Table 32). Summer squash economic yield was very highly 

significantly correlated with stem dry weight, leaf dry weight, shoot 

dry weight, leaf area and LAI (Table 33). Significant correlation (at 

the 5% level) was also noted between the economic yield of mung beans 

and TDW (Table 31) as well as between the economic yield of summer 

squash and SLW (Table 33). Furthermore, a highly significant negative 

correlation was noted between economic yield and the LAI of mung beans 

(Table 31). 

The most notable finding is that î ile very highly significant 

correlations were noted between summer squash economic yield and such 

growth related factors as stem dry weight, leaf dry weight, shoot dry 

weight, leaf area and LAI (Table 33), mung beans and pinto beans ex

hibited either non-significant or low correlations between economic 

yield and such factors as stem dry weight, leaf dry weigjht, leaf area 

and LAI (Tables 31 and 32). Irvine (1975) found that LAI index was 

positively associated with yields of sugar cane. Loomls and Williams 

(1963) believed that the major limiting factors to total seasonal plant 

yields are its leaf area, its manner of display and CO2 supply. While 

the findings by Irvine (1975), Loomls and Williams (1963), support the 



Table 32. Correlation coefficients between different parameters associated with growth and 
yield of pinto bean (Marana-Summer, 1979) 

Econottlc 
Yield 

Stea Dry 
Weight 

Leaf Dry 
Weight 

Pod Wall 
Dry Weight 

Total Dry 
Weight 

(TDW) 
Leaf Area 

(LA) 

Specific 
Leaf Weight 

(SLW) 

Leaf Area-to- Leaf Weight Leaf Area Leaf Area Harvest 
Leaf Weight Ratio Ratio Index index 

Ratio (LWR) (LAR) (LAI) (HI) 

Stem Dry Weight 0.25 

Leaf Dry Weight 0.23 0,87*** 

Fod Well Dry Weight 0.60*** 0.63*** 0,44** 

Total Dry Weight 
(TSW) 0.51*** 0.94*** 0.87*** 0.79*** 

Leaf Area (LA) 0.28 0.72*** 0.79*** 0,51*** 0.76*** 

Specific Laaf Weight 
(SLW) -0.01 0.26 0.46** -0.19 0.21 0.27 

Laaf Area-to*Lcaf 
Weight Ratio -0.11 -0.42 -0.52*** -0.03 -0.38* -0.02 -0.72*** 

Leaf Weight Katlo 
(LWR) -0.19 0.39** 0.71*** -0.16 0.33* 0.53*** 0.60*** -0.48** 

Laaf Area Batlo 
(LAR) -0.23 0.02 0.25 -0.17 0.002 0.58*** 0.02 0.41** 0.58***" 

Leaf Area Index (LAI) 0.23 0.88*** 0.96*** 0.52*** 0.88*** 0.81*** 0.24 -0.36** 0.61*** 0.29 

Barveat Index (HI) 0.65*** -0.44** -0.39** -0.02 -0.23 -0.32* -0.15 0.13 -0.49** -0.35* -0.40** 

Z PAR Interceptlco at 
the Middle of Canopy 0.17 -0.11 -0.47 0.10 -0.01 0.04 -0.20 0.12 -0.06 0.07 -0.002 0.22 
*SigQlClc«nt at the 5Z level 
**5igalflcant et the IZ level 
***Slgnlflcant mt the O.IZ level 

NJ 
N3 



Table 33. Correlation coefficients between different parameters associated with growth and 
yield of suimner squash (Marana-Sunnner, 1979) 

Econoalc 
Yield 

Stea Dry 
Weight 

Leaf Dry 
Weight 

Shoot Dry 
Weight 

Leaf Area 
(U) 

Specific 
Leaf Weight 

(SLW) 

Leaf Area-to- Leaf Weight 
Leaf Weight Ratio 

Ratio (LWK) 

Leaf Area Leaf Area 
Ratio Index 
(UR) (LAI) 

St«B Dry Weight 0,62*** 

Leaf Dry Weight 0,60*** 0.74*** 

Shoot Dry Weight 0,65*** 0.93*** 0.94*** 

Leaf Area (LA) 0.64*** 0.97*** 0.78*** 0,94*** 

Specific Leaf Weight 
(SLW) 0.24* -0.001 0.24* 0.13 -0.11 

Leaf Araa-to-Leaf 
Weight Ratio -0.11 0.22 -0.37** -0.09 0.14 -0.56*** 

Leaf Weight ftatlo 
(LWR) 0.03 -0.27* 0.36** 0.06 -0.14 0.23* -0.91*** 

Leaf Area Ratio 
(LAR) -O.OB 0.12 -0,38** -0,15 0.19 -0.82*** 0,66*** -0.49*** 

Leaf Area Index 
(LAI) 0.66*** 0.90*** 0.89*** 0.96*** 0.96*** -0.03 -0.09 0.11 0.04 

Z PAR Interception at 
the Middle of Canopy -0.05 -0,06 -0.14 -0.11 -0.10 0.14 0.02 -0.12 -0.05 -0.13 

Total X FAR Interception 0.15 -0.03 -0.06 -0.05 -0.06 0.14 0.02 -0.05 -0.06 -0.06 
*Slgni£ic«nt mt the 51 level 
**Slgolflc«nt «t the IZ level 
***SlgQlfleant at the O.IZ level 

N5 
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observations made In the case of summer squash, mung beans and pinto 

beans displayed different characteristics. A look at other related 

parameters should offer an explanation on the possible causes of the 

differences. 

Total Dry Weight 

Very high significant correlations were observed between the 

TDW of mung beans and pinto beans and leaf area as well as between 

summer squash shoot dry weight and leaf area. Summer squash shoot dry 

weight and pinto bean total dry weights were very highly significantly 

correlated with LAI while it was noted that mung beans responded dif

ferently (Tables 31, 32 and 33). Significant to very highly signif

icant correlations (5% to 0.1% levels) werenoted between the TDW and 

the economic yield, stem dry weight, leaf dry weight and pod dry weight 

of mung beans and pinto beans (Tables 31 and 32). Similar observations 

were made between summer squash shoot dry weight and economic yield, 

stem dry weight and leaf dry weight (Table 33). 

According to Watson (1952), the extent to which dry matter 

production can be increased by an increase in leaf area depends on 

whether or not net assimilation rate (NAR) is affected by the Increase 

in LAI. Watson's statement is clearly evident in the case of pinto bean 

and summer squash whereby leaf area was very hî ly significantly corre

lated with pinto bean stem dry weight, leaf dry weight, pod wall dry 

weight and TDW or in the case of summer squash, stem dry weight, leaf 

dry weight and shoot dry weight (Tables 32 and 33). However, mung beans 

did not exhibit these characteristics. One is therefore led to infer 
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that the NAR was not affected by an Increase In the LAI. One possibil

ity is that mung bean leaves were self-shaded which restilted in the 

bottom leaves acting as a sink rather than as a source. Realizing 

that mung bean plants grew more upright than either pinto bean or sum

mer squash plants, the possibility of shading by summer squash plants 

in intercropping regimes does not seem to offer a strong explanation. 

Leaf Area 

Very highly significant correlations were observed between the 

mung bean and pinto bean leaf area and stem dry weight, leaf dry 

weight, pod wall dry weight and TDW (Tables 31 and 32). Similarly, 

summer squash leaf area was very highly significantly correlated with 

stem dry weigjit, leaf dry weight and shoot dry weight (Table 33). 

Leaf Dry Weight 

Notably, leaf dry weights of both mung beans and pinto beans 

were not significantly correlated with economic yield, but they were 

very highly significantly correlated with stem dry weight, pod wall 

dry weights, total dry weights and leaf area (Tables 31 and 32). How

ever, the leaf dry weight of summer squash was very highly signific

antly correlated with economic yield, stem dry weight, shoot dry 

weight and leaf area (Table 33). 

Leaf Area Index 

Summer squash LAI was very highly significantly correlated with 

economic yield, stem dry weight, leaf dry weight, shoot dry weight and 

leaf area (Table 33). Pinto bean leaf area index was also very highly 
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significantly correlated with stem dry weight, leaf dry weight, pod wall 

dry weight, TDW, leaf area and LWR, but low correlation was noted be

tween LAI and economic yield (Table 32). Furthermore, a highly signif

icant negative correlation was recorded in the case of mung bean LAI and 

economic yield (seed weight) (Table 31). These results led to a conclu

sion that partitioning of photosynthates towards economic yield was more 

efficient in the case of summer squash than in the cases of both mung 

beans and pinto beans. 

Harvest Index 

Although very highly significant correlations were observed be

tween HI and the economic yields of both mung beans and pinto beans, 

significant to very highly significant (5% to 0.1% levels) negative 

correlations were observed between mung bean and pinto bean harvest in

dices and some growth parameters. In the case of mung beans, HI was 

negatively correlated with stem dry weight, leaf dry weight, pod wall 

dry weight, TDW, leaf area and LAI (Table 31). Pinto bean HI was 

negatively correlated with stem dry weight, leaf dry weight, leaf area, 

LWR, LAR and LAI (Table 32). The negative correlations between HI and 

leaf area or LAI further support the author's feelings that both mung 

bean and pinto bean are inefficient in partitioning the photosynthetlc 

products to the seed (economic yield). The negative correlations between 

the harvest indices of mung beans and pinto beans and vegetative growth 

are contrary to the report of Singh and Stoskopf (1971) on cereals that 

HI is positively correlated with vegetative growth. Jackson (1963) 

believed that the yield of crop plants can depend In large measure on 
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the way In which the products of assimilation are allocated, i.e., the 

leaf-tot-total growth ratio. 

Presentations of correlation coefficients on such plant growth 

related parameters as stem dry weight, pod wall dry weight, SLW, LAWR, 

LWR, LAR, and interception of PAR have been made in Tables 31, 32 and 

33. It is believed that the relationships between the parameters men

tioned in this paragraph and the economic yields of mung beans, pinto 

beans and summer squash are not significant enough to warrant lengthy 

discussions here. 

The Effects of Intercropping. Nitrogen and Phosphorus Fertility 
Levels on the Concentration of Nitrate-Nitrogen and Phosphorus 

in the Tissue of Mung Bean. Pinto Bean and Summer Squash 

Nitrate Nitrogen 

Nitrogen applications at the rate of 144 ppm caused significantly 

high accumulation of NÔ -N by mung beans, but applications of 0 and 72 

ppm did not lead to significantly different accumulations of NÔ -N at 

the 5% level (Table 34). Cropping systems did not Influence the ac

cumulation of NOg-N to a significant degree at the 5% level (Table 34). 

Pinto beans responded similarly to increased levels of N application 

showing significantly high accumulations when N was applied at 144 ppm 

(Table 34). Intercropping significantly lowered the quantity of NÔ -N 

accumulated in the shoot tissue of pinto beans. 

Intercropping and N levels did not significantly influence the 

acctimulation of NÔ -N by summer squash (Table 34). 

Field grown mung beans exhibited a relatively different response 

to the N treatments on the accumulation of NÔ -N in the leaf petioles. 
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Table 34. Effects of cropping systems (S) and nitrogen fertilization 
(N) on concentration of nitrate nitrogen (NO3-N) in shoots 
of mung bean, pinto bean and summer squash. (Greenhouse, 
1978). 

Concentration of NO3-N in Tissue 
N-Fertilization (ppm) 

Crop Cropping System 0 72 144 S means 

NOg--N(ppm) 

Mung bean Monocropped 166.7c* 366.7c 4100.0a 1544.5M 
Intercropped with 
summer squash 166.7c 166.7c 2216.7b 850. Oja 
N means 166.7q 266.7q 3158.4p 

Pinto bean Monocropped 433.3c 1783.3b 15666.7a 5961.In 
Intercropped with 
Summer squash 191.7c 450.0c 1566.7b 736.lv 
N means 312.5q 1116.7q 8616.7p 

Summer squash Monocropped 3683.3a 950.0a 18333.3a 7655.5u 
Intercropped with 
mung bean 281.3a. 733.3a 13950.0a 4988.2u 
Intercropped with 
pinto bean 350.0a 6633.3a 14100.0a 7027.8u 
N means 1438.2p 2772.2p 15461.Ip 

•Values followed by the same letter within a crop and letter series are 
not significantly different at the 5% level according to the Student-
Newman-Keuls' Test. 
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Mung beans Intercropped with summer squash tended to accumulate higher 

amounts of NÔ -N than the monocropped mung beans although the differ

ences were not statistically significant at the 5% level (Table 35) al

though the quantities were not significantly different at the 5% level. 

Although N applications of 35 kg N/ha resulted in the highest NÔ -N 

accumulations in mung beans, the quantities were not significantly dif

ferent at the 5% level from when N was applied at 0, 17.5 and 70 kg 

N/ha (Table 35). 

When the level of N applied to the soil was held at 70 kg N/ha, 

varying the P applications from 0 to 86 kg of ̂ 2̂ 5 hectare did not 

influence the NÔ -N accumulation in the mung bean leaf petioles (Table 

36). However, there was a tendency for the mung beans intercropped 

with summer squash to accumulate higher quantities of NĜ -N although 

the amounts were not significant at the 5% level (Table 36). 

Pinto beans behaved very much like mung beans in that N and P 

did not influence the accumulation of NĜ -N in leaf petioles (Tables 35 

and 36). Intercropping pinto beans with summer squash did not in

fluence the accumulation of NÔ -N in the leaf petioles of pinto beans 

(Tables 35 and 36). 

Notably, neither intercropping summer squash with either mung 

beans or pinto beans nor increasing nitrogen fertility levels from 0 

to 70 kg N/ha or phosphorus from 0 to 86 kg of 1*2̂ 5 P®' hectare in

fluence the accumulation of NĜ -N in the leaf petioles of stumser squash 

(Tables 35 and 36). However, there was a tendency for the summer squash 

Intercropped with either mung beans or pinto beans to accumulate more 

NO3-N (Table 36). 



Table 35. Effects of cropping systems (S) and nitrogen fertilization (N) on nitrate nitrogen 
(NÔ -N) concentration in leaf petioles of mung bean, pinto bean and sttmmer squash 
(Marana-Sumner, 1978). 

Concentration of NO3-N in Leaf Petioles 
N(kg/ha) 

Crop Cropping System 0 17.5 35 70 S means 

Hung bean Monocropped 231.3* 700.0 1075.0 893.8 725.0 
Intercropped with 
summer squash 405.0 1383.3 1433.3 818.8 1010.1 
N means 318.2 1041.7 1254.2 856.3 

Pinto bean Monocropped 58.3 362.5 437.5 556.3 353.7 
Intercropped with 
summer squash 175.0 562.5 205.0 443.8 346.6 
N means 116.7 462.5 321.3 500.1 

Sumner squash Monocropped 5883.3a** 11600.0a 15018.8a 12937.5a 11359.9M 
Intercropped with 
mung bean 12650.0a 15587.5a 9462.5a 7731.3a 11357.8u 
Intercropped with 
pinto bean 5087.5a 14325.0a 10350.0a 11687.5a 10362.5/1 
N means 7873.6p 13837.5p 11610.4p 10785.4p 

•Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 

**Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls* Test. 



Table 36. Effects of cropping systems (S) and phosphorus fertilization (P) on nitrate nitrogen 
(NO3-N) concentration in leaf petioles of mung bean, pinto bean and summer squash 
(Marana, 1978). 

Concentration of NO3-N in Leaf Petioles 
P?Os (kg/ha) 

Crop Cropping System 0 21.5 43 86 S means 

Mung bean Monocropped 562.5* 937.5 962.5 893.8 839.1 
Intercropped with 
summer squash 1287.5 1262.5 268.8 818.8 909.4 
P means 925.0 1100.0 615.7 856.3 

Pinto bean Monocropped 106.3 150.0 537.5 556.3 350.0 
Intercropped with 
summer squash 262.5 493.8 275.0 443.8 368.8 
P means 184.4 321.9 406.3 500.0 

Summer squash Monocropped 10412.5 11837.5 7162.5 12937.5 10587.5 
Intercropped with 
summer mung bean 15875.0 13800.0 12075.0 7731.3 12370.3 
Intercropped with 
pinto bean 12937.5 17131.3 12500.0 11687.5 13564.1 
P means 13075.0 14256.3 10579.2 10785.4 

*Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 
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The results presented In Table 34 are similar to those reported 

by Brown and Smith (1966). They found that N fertilization of red 

radishes, kale, mustard, and turnip caused significant increases in 

nitrate content in the roots and tops. Maximum accumulation of nitrates 

appeared to vary with species, the early maturing vegetables tending to 

accumulate more nitrate than late maturing varieties at a given rate of 

fertilization. Brown and Smith (1966) further showed that the absence 

of P, K, or Ca or the presence of trace elements did not have a signif

icant influence on nitrate accumulation. Data presented in Table 36 

confirm that increasing P fertility levels had no influence on the 

NÔ -N accumulations in mung beans, pinto beans and summer squash, but 

there was a tendency for a reduction in the NÔ -N accinnulation in the 

leaf petioles of mung beans and summer squash when P was applied at 43 

and 86 kg of P20̂ /ha. 

Baker and Tucker (1971) found a tendency for NÔ -N accumulation 

in wheat to be increased by a deficiency of P. The tendency for the 

intercropped mung beans, pinto beans and summer squash to accumulate 

higher levels of NÔ -N in the leaf petioles is similar to the,report 

by the IRRI (1974) on corn-soybean association. It was found that the 

total N content of the above-ground plant parts was considerably higher 

in the intercrops than with either com or soybeans for most of the N 

levels tested. 

At this juncture, it can be stated that the tendency for the 

NOg-N to accumulate in mung beans and pinto beans intercropped with 

summer squash and summer squash Intercropped with either mung beans or 

pinto beans was due to shading. Nitrate reductase activity is 
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Inhibited by lack of light and as such. It Is only logical to believe 

that the metabollzatlon rate of NÔ -N in the leaves of the intercrops 

was lower than in the monocrops and this is what caused the differences. 

Phosphorus 

Nitrogen and P fertility levels did not influence the accumula

tion of P in the leaf petioles of mung beans, pinto beans and summer 

squash (Tables 37 and 38). Intercropping did not significantly in

fluence the accumulation of P in the leaf petioles, but it was noted 

that when summer squash was monocropped, it tended to accumulate higher 

levels of P than when intercropped (Table 38). This aspect was evident 

only in the P fertility studies when N level was held constant at 70 

kg N/ha. 

Nlshimoto et al. (1977) fotmd that P levels in plant tissue 

at 95% of maximum yields ranged from 0.3% in lettuce to 0.7% in Chinese 

cabbage. Johnson and Evans (1975) reported that P fertilizer did not 

affect P concentration in Southempeas. 

Relationship Between Tissue Nitrate Nitrogen 
and Phosphorus Levels and Growth and/or Yield 
of Mung Bean. Pinto Bean and Summer Squash 

Shoot growth as measured by dry weight was positively corre

lated with NÔ -N concentrations in the shoots (Table 39). This was 

evident in mung beans, pinto beans and summer squash. Mung beans and 

summer squash dry weights were positively correlated with NĜ -N ac

cumulation in the shoots although not significant at the 5% level. 

Pinto bean root dry weights were negatively correlated with NÔ -N con

centrations in the shoots although not significantly (Table 39). 



Table 37. Effects of cropping systems (S) and nitrogen fertilization (N) on phosphorus (P) concentra
tion in leaf petioles of mung bean, pinto bean and summer squash (Marana-Summer, 1978). 

Crop Cropping System 

Concentration of P in Leaf Petioles 
N (kg/ha) 

17.5 35 70 S means 

P (ppm) ' 

Mung bean Monocropped 2462.0* 2461.0 2586.5 2453.3 2490.7 
Intercropped with 
summer squash 2611.0 2453.3 2336.3 2416.7 2456.9 
N means 2536.5 2457.2 2461.4 2435.0 

Pinto bean Monocropped 2740.0a** 2625.3a 2687.8a 2344.0a 2589.9u 
Intercropped with 
summer squash 2805.3a 2734.8a 2946.0a 2782.0a 2817.0» 
N means 2772.7p 2680.1p 2816.9p 2563.Op 

Summer squash Monocropped 2448.7 2867.3 2383.0 3227.0 2750.5 
Intercropped with 
mung bean 2640.8 1883.5 2633.3 2586.3 2435.9 
Intercropped with 
pinto bean 2227.0 2734.5 2797.0 2727.3 2621.4 
N means 2438.8 2495.1 2604.4 2846.9 

•Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 

**Values followed by the same letter within a crop and letter series are not significantly different 
at 5% level according to the Student-Newman-Keuls' Test. 



Table 38. Effects of cropping systems (S) and phosphorus fertilization (P) on phosphorus (P) concen
tration in leaf petioles of mung bean, pinto bean and sunnner squash. (Marana-Sunnner, 1978). 

Crop Cropping System 

Concentration of P in Leaf Petioles 
P2O5 (kg/ha) 

Crop Cropping System 0 21.5 43 86 S means 

Mung bean Mbnocropped 2602.3* 2570.8 2423.8 2453.3 2512.6 
Intercropped with 
summer squash 2453.3 2408.3 2344.0 2416.7 2405.6 
P means 2527.8 2489.6 2383.9 2435.0 

Pinto bean Monocropped 2742.3a** 2523.5a 2500.5a 2344.0a 2527.6ju 
Intercropped with 
summer squash 2656.5a 2711.0a 2844.0a 2782.0a 2748.411 
P means 2699.4p 2617.3p 2672.3p 2563.Op 

Summer squash Monocropped 2875.3a 3016.Oa 2914.3a 3227.5a 3008.3ii 
Intercropped with 
mung bean 2359.8a 2069.0a 2055.3a 2586.3a 2267.611 
Intercropped with 
pinto bean 2217.3a 2366.0a 1922.3a 2727.3a 2308.211 
P means 2484.1P 2483.7p 2297.3p 2847.Op 

*Values not followed by a letter within a crop are not significantly different at 5% level according 
to the F Test. 

**Values followed by a letter within a crop and letter series are not significantly different at 5% 
level according to the Student-Newnan-Keuls' Test. 
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Table 39. Correlation coefficients (r) between nitrate nitrogen 
(NO3-N) concentration in tissue and the blomass of mung 
bean, pinto bean and summer squash. (Greenhouse, 1978). 

Crop 
Correlation Coefficients 

Crop Roots (r) Shoots (r) 

Mung bean 0.35216 0.51703* 

Flnto bean -0.06806 0.51155* 

Summer squash 0.31932 0.46171* 

•significant at the 0.05 level of probability. 
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Table 40 Illustrates that the seed yield of mung beans and 

pinto beans and the fruit yield of summer squash were not significantly 

correlated with tissue NÔ -N concentrations. Gillian and Wright (1977) 

found high correlation coefficients between growth (dry weight accumula

tion) of three holly cultivars and both leaf N content and soil nitrates. 

The results presented in Table 39 on shoots concur with the findings of 

Gillian and Wright, but data presented in Table 40 on economic yield 

does not provide significant correlations between the tissue NĜ -N 

and economic yield. 

Correlation coefficients between yield and P accumulation in 

the leaf petioles of mung beans, pinto beans and summer squash are 

presented in Table 41. Pinto bean seed yield was significantly corre

lated with F tissue accumulation when P treatment was held constant at 

86 kg of P20̂ /ha, but the correlation was not significant at the 5% 

level when N treatment was held constant at 70 kg N/ha and P treatments 

were varied (Table 41). Mung beans and summer squash exhibited nega

tive correlations between economic yield and tissue accumulation of P 

(Table 41). 

Symbiotic or Allelopathic Relationships Between 
Summer Squash and Mung Bean or Pinto Bean 

The purpose of Investigating whether or not symbiotic or 

allelopathic characteristics existed within mung beans, pinto beans 

and summer squash was to gain a better understanding of the associa

tions between summer squash and mung beans or pinto beans. 

Data presented in Table 42 provide some interesting information. 

Root leachate from mung bean plants added to mung bean plants resulted 
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Table 40. Correlation coefficients (r) between nitrate nitrogen 
(NO3-N) concentration In leaf petioles and yield of mung 
bean, pinto bean and summer squash as Influenced by nitrogen 
(N) and phosphorus (P) fertilization (Marana-Summer, 1978). 

Correlation Coefficients 
Crop N Fertilization (r) P Fertilization (r) 

Mung bean 0.13971 N.S.* -0.08129 N.S. 

Pinto bean 0.11801 N.S. 0.05243 N.S. 

Summer squash 0.18327 N.S. 0.26421 N.S. 

*Not significant at the 0.05 level of probability 
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Table 41. Correlation coefficients (r) between phosphorus (P) con
centration in leaf petioles and yield of mung bean, pinto 
bean and summer squash as Influenced by nitrogen (N) and 
phosphorus (P) fertilization (Marana-Summer, 1978). 

Crop 
Correlation Coefficients 

Crop N Fertilization (r) P Fertilization (r) 

Mung bean -0.01540 -0.18643 

Pinto bean 0.48385* 0.28689 

Summer squash -0.01981 -0.09475 

•Significant at the 0.05 level of probability. 
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Table 42. Effects of root leachate treatments on dry matter yield of 
mung bean, pinto bean and summer squash (Greenhouse, 1980). 

Receiver Crop Leachate Donor 
Mean Dry 

Weight (g/plant) 

Mung bean Control (Sand) 1.113* 
Mung bean 0.860 
Pinto bean 0.987 
Summer squash 0.873 

Pinto bean Control (Sand) 4.880 
Mung bean 5.063 
Pinto bean 4.7333 
Summer squash 4.080 

Summer squash Control (Sand) 5.287a* 
Mung bean 5.643a 
Pinto bean 5.163a 
Summer squash 3.950a 

*Values not followed by a letter within a crop are not significantly 
different at 5% level according to the F Test. 

**Values followed by the same letter within a crop are not significantly 
different at 5% level according to the Student-Newman-Keuls' Test. 
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In the lowest dry matter yield of mung beans, followed by mung bean 

plants receiving root leachates from summer squash and pinto beans al

though these differences were not statistically significant. 

The lowest pinto bean dry matter yield was from plants receiv

ing leachates from summer squash plants (Table 42), but not signifi

cantly lower than dry matter weight of pinto beans receiving leachates 

from pinto bean, mung bean or control. 

Summer squash plants receiving root leachates from summer 

squash yielded significantly less dry matter weight than the control 

or summer squash receiving leachates from mung beans or pinto beans 

(Table 42). 

One could suggest that there is definite evidence of autoxicity 

in summer squash. There is not sufficient evidence to suggest that any 

of the plants tested is allelopathic towards the other, but the mung 

bean root relationship with either pinto beans or summer squash tends 

to favor the growth of summer squash or pinto beans or summer squash 

tends to favor the growth of summer squash or pinto beans more than it 

does mung beans. It is possible that a substance was present in the 

mung bean root leachates that favored growth of both pinto beans and 

summer squash. 

Land Equivalent Ratios 

It will be recalled that the major objective of this study was 

to determine whether or not intercropping summer squash with either 

mung beans or pinto beans increases food production per unit space. 

Data presented in Table 43 indicate that intercropping summer squash 



Table 43. Land equivalent ratios (LER) of intercropping summer squash (Sq), mung bean (Mb) and pinto 
bean (Pb) under different managerial systems. 

Percent 
Management Relative Yields Increase in 

Experiment System Sq Mb Pb LER Land Production 

Marana-Summer, 1977 

Greenhouse, 1978 

Marana-Summer, 1978 

Crop Placement 

In-row 
Adjacent row 
In-row 
Adjacent row 

Nitrogen 
Fertilization (ppm) 

0 
72 
144 

0 
72 
144 

Nitrogen 
Fertilization (kg/ha) 

0 
17.5 
35 
70 
0 

17.5 
35 
70 

0.51 0.79 -

0.64 0.96 -

0.60 - 0.67 
0.71 0.84 

0.98 0.95 
1.01 0.21 -

0.87 0.25 -

0.92 - 0.87 
0.92 - 0.41 
1.11 0.24 

0.50 0.85 
0.49 1.14 -

0.46 0.77 -

0.37 0.56 -

0.71 - 0.62 
0.80 - 0.64 
1.17 - 0.59 
0.74 - 0.68 

1.30 30 
1.60 60 
1.27 27 
1.55 55 

1.93 93 
1.22 22 
1.12 12 
1.79 79 
1.33 33 
1.35 35 

1.35 35 
1.63 63 
1.24 24 
0.93 -7 
1.33 33 
1.44 44 
1.76 76 
1.42 42 



Table 43, Continued. 

Percent 
Management Relative Yields Increase In 

Experiment System Sq Mb Pb LER Land Production 

Marana-Sunmer, 1978 

Marana-Summer, 1979 

Phosphorus 
Fertilization 
(kg P205/ha) 

0 
21.5 
43 
86 
0 

21.5 
43 
86 

Crop Populations 
Summer Squash Beans 
Low Low 
Low Medium 
Low High 
Medium Low 
Medium Medium 
Medium High 
High Low 
High Medium 
High High 

Low Low 
Low Medium 
Low High 

0.29 1.08 -

0.42 1.19 -

0.44 1.17 -

0.37 0.56 -

0.84 - 0.55 
0.72 - 0.92 
0.74 - 0.46 
0.74 0.68 

0.55 0.99 
0.65 0.89 -

0.47 0.83 -

0.59 0.62 -

0.62 0.75 -

0.71 0.71 -

1.09 0.29 -

1.05 0.23 -

0.81 0.68 -

0.81 — 0.92 
0.54 - 0.95 
0.63 - 0.63 

1.37 37 
1.61 61 
1.61 61 
0.93 -7 
1.39 39 
1.64 64 
1.20 20 
1.42 42 

1.54 54 
1.54 54 
1.30 30 
1.21 21 
1.37 37 
1.42 42 
1.38 38 
1.28 28 
1.49 49 

1.73 73 
1.49 49 
1.26 26 



Table 43, Continued. 

Experiment 
Management Relative Yields 

Percent 
Increase in 

System Sq Mb Pb LER Land Prodi 

Crop Populations 
Summer Squash Beans 

Medium Low 0.77 - 0.57 1.34 34 
Medium Medium 0.75 - 0.84 1.59 59 
Medium High 0.53 - 0.43 0.96 -4 
High Low 1.01 - 0.25 1.26 26 
High Medium 1.01 - 0.30 1.31 31 
High High 0.99 - 0.40 1.39 39 

Marana-Sunmer, 1979 
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with either mung beans or pinto beans definitely Increases food produc

tion per unit space. 

The field experiment conducted at Marana in Summer, 1977 showed 

that intercropping summer squash with mung beans in adjacent rows In

creased food production by 60% while intercropping summer squash with 

pinto beans in adjacent rows increased food production by 55% (Table 

43). It was evident that intercropping summer squash with either mung 

beans or pinto beans in adjacent rows offered the highest benefits. 

Also Intercropping summer squash with mung beans was more beneficial 

in terms of land equivalent ratios (LERs) than intercropping summer 

squash with pinto bean (Table 43) regardless of crop placement. 

Reports on the advantages of intercropping on alternate (ad

jacent) rows have not been consistent, however. Dalai (1974) presented 

one of the most extensive evidence of superiority of intercropping on 

alternate rows over Intercropping within the row. He reported that the 

yield, total dry matter, K and N content of maize, dry matter produc

tion, Ca, Mg, and N content of pigeon peas were significantly higher 

when they were planted in alternate rows than when planted In the same 

row. On the contrary, Donald (1963) showed that planting patterns did 

not affect yields. Similar observations were made by Evans (1960) on 

intercropping maize with groundnuts. Francis et al. (1976) reported 

significantly lower bean yields but no effect on maize yields when maize 

and beans were planted in alternate rows rather than in the same row at 

bean populations of 110,000 plants/ha. 

The greenhouse experiment conducted in 1978, revealed that when 

N was deficient, intercropping summer squash with mung beans Increased 
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the total dry natter yield per unit space by 93% while intercropping 

summer squash with pinto bean increased the output by 79% (Table 43). 

Increasing N to 144 ppm applied daily in liquid solution correspondingly 

diminished the benefits to 12% (Table 43). Increasing N in the regimes 

where summer squash was intercropped with pinto beans decreased the 

benefits to 33% (Table 43). 

The field experiments conducted at Marana in Summer, 1978 

showed that with high N levels, there was a reduction In land equiv

alent ratio while an increase In food production as high as 76% was 

recorded when summer squash was intercropped with pinto beans at N 

fertilization rate of 35 kg N/ha, followed by an increase of 63% when 

summer squash was Intercropped with mung beans at N fertilization rate 

of 17.5 kg N/ha (Table 43). Notably, application of N fertilizer at 

70 kg N/ha resulted in reduction of food production by 7%, further con

firming the superiority of intercropping summer squash with either mung 

beans or pinto beans when N levels are low (Table 43). 

The study on the influence of P fertility levels conducted at 

Marana in Summer, 1978 (Table 43), also showed that when P levels were 

low, the benefits of Intercropping summer squash with either mung beans 

or pinto beans were high when P was applied at the rate of 21.5 kg of 

2̂̂ 5̂ ®̂ (Table 43). Increasing P fertilization to 86 kg led to 

a reduction in food output by 7% when summer squash was intercropped 

with mung beans, but intercropping summer squash with pinto beans when 

phosphorus was applied at the rate of 86 kg P20̂ /ha increased food 

production per space by 42% (Table 43). At this time, it can be stated 

that intercropping summer squash with either mung beans or pinto beans 
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Is superior to monoculture when nitrogen and phosphorus fertility levels 

are low, a fact which should be received with great enthusiasm by 

farmers because of the current rising fertilizer costs. 

The experiments conducted at Marana in summer, 1979, to deter

mine which plant population combinations produced the highest food per 

unit space, showed that low population of summer squash combined with 

low population of pinto beans Increased the food production by 73% 

(Table 43). Medium population of summer squash intercropped with 

medium population of pinto beans also increased food production by 59% 

while low population of summer squash intercropped with either low or 

medium population of mung beans increased food production by 54% 

(Table 43). 

At high plant populations of summer squash, intercropping with 

either mung beans or pinto beans at low and medium plant populations 

led to increasing summer squash yield by 9%, 5% (with mung bean) and 

1% (with pinto bean) respectively (Table 43). The overall food produc

tion, however, ranged between 26 to 38%. The implication here is that 

summer squash benefited from its association with either mung beans or 

pinto beans, but the companion crop suffered some degree of suppression. 

Using corn as the "base" crop and soybeans, snapbeans or sweet potato 

as the interplanted "understory" species, Cordero and McCollum (1978) 

showed that productivity (whether biological or economic) can be in

creased by forcing economic species to compete Interspeclfically. 

In an attempt to determine which plant populations Increased 

the total dry matter yield per unit space, computations of LERs based 

on total dry matter of both mung beans or pinto beans and shoot weight 
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of summer sqxiash were done. Data presented in Table 44 show that high 

population of summer squash (4 x 10̂  plants/ha) gave a LER of 2.85 which 

was an increase of 185% in dry matter production when intercropped with 

mung beans at a population of 1.25 x 10̂  plants/ha. In this case both 

the summer squash and mung beans yielded more dry matter than each of 

their monocrop counterparts. High summer squash plant population (4 x 

4 5 5 
10 plants/ha) intercropped with mung beans at 2 x 10 and 5 x 10 

plants increased the dry matter production by 96% and 134% respectively 

(Table 44). Other dry matter yield increases ranging from 1 to 96% 

are presented in Table 44. 

It was however noted that low population summer squash (1 x 

10̂  plants/ha) intercropped with pinto beans at medium population 

(1.25 X 10̂  plants/ha) or high population (2.5 x 10̂  plants/ha) re

duced the total dry matter by 6 and 12% respectively (Table 44). 

Total dry matter yield was reduced by 12% when medium sinmner squash 

4 
population (2 x 10 plants/ha) was intercropped with high pinto bean 

population (2.5 x 10̂  plants/ha). 

The results presented in Table 44 agree with the statement by 

Cordero and McCollum (1978) that productivity (whether biological or 

economic) can be increased by forcing economic species to compete in-

terspecifically. Exceptions to this statement are just a few of the 

already discussed cases where the LERs were less than one. 
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Table 44. Land equivalent ratios (LER) based on blonass production of 
summer squash (Sq) Intercropped with mung bean (Mb) or pinto 
bean (Pb) at different crop populations (Marana, 1979). 

Percent 
Summer Relative Yields 
Squash Beans Sq Mb Pb LER Land Produi 

Low Low 0.44 0.86 - 1.30 30 

Low Medium 0.42 0.73 - 1.15 15 

Low High 0.39 0.62 - 1.01 1 

Medium Low 1.08 0.80 - 1.88 88 

Medium Medium 1.09 0.86 - 1.95 95 

Medium High 1.11 0.65 - 1.76 76 

High Low 1.05 1.80 - 2.85 185 

High Medium 0.74 1.22 - 1.96 96 

High High 1.20 1.14 - 2.34 134 

Low Low 0.40 - 0.63 1.03 3 

Low Medium 0.43 - 0.51 0.94 -6 

Low High 0.51 - 0.37 0.88 -12 

Medium Low 0.52 - 0.71 1.23 23 

Medium Medium 0.94 - 0.51 1.45 45 

Medium High 0.61 - 0.27 0.88 -12 

High Low 0.76 - 0.8̂  1.62 62 

High Medium 1.10 - 0.71 1.81 81 

High High 0.91 - 0.81 1.72 72 



CHAPTER V 

GENERAL DISCUSSION AND CONCLUSIONS 

The results of this study have opened up an avenue through 

which crop scientists In general and hortlculturallsts In particular 

can continue to explore ways of Increasing food production per unit 

space. This study has shown that with the proper selection of crop 

combinations and with proper planting pattern, food production can be 

greatly Increased. 

The crops selected for this study were excellent candidates 

for an intercropping Investigation. Summer squash (Cucurbita pepo L.) 

has an aggressive growth habit, being a heavy feeder while mung beans 

and pinto beans exhibit less aggressive behavior. By virtue of their 

ability to fix N when conditions for nodulation are present mung beans 

and pinto beans are good candidates for combinations with vegetable 

crops. One postulatlon is that the mung beans and pinto beans utilize 

the N fixed symblotlcally, thus allowing the companion crop to utilize 

the N in the soil. Such essential elements as N and F when applied to 

the soil must be utilized as efficiently as possible within the growing 

season. Both economic and biological yield increases were due to the 

more efficient utilization of both nutrients in the soil and photosyn-

thetically active radiation (PAR). 

Theoretically only 6.6% of the solar energy Intercepted by a 

plant canopy is converted to blomass, assuming optimal environmental 

150 



151 

conditions (O'Leary, 1978). A lot of the inefficiency in utilizing solar 

energy Is due to a plants mechanism and the great variations in photo-

synthetic efficiency existing between plants. Plant diversification can 

improve the solar energy utilization greatly. For example, the author 

postulated that summer squash is more efficient in partitioning photo-

synthates than either mung beans or pinto beans. Therefore, inter

cropping summer squash with either mung beans or pinto beans utilizes 

light more efficiently per unit area than either crop monocropped if 

this is quantified in terms of food output or biomass yield per unit 

space. 

The importance of plant architectural design in facilitating in

tercropping cannot be over-looked. A plant capable of adjusting its 

branching pattern to intercept more light in an intercropping regime is 

more adaptable for intercropping than others. It is believed that the 

differences noted between regimes of sxumner squash Intercropped with 

mung beans and summer squash intercropped with pinto beans were due to 

differences in growth patterns of the two legumes. Due to their trail

ing habit, the pinto beans seemed to share light with summer squash more 

efficiently than when summer squash was intercropped with mung beans 

spaced at high plant density. Mung bean's upright growth tended to 

cause more shading of summer squash when summer squash was spaced at 

low population combined with high mung bean plant population. 

The author believes that the choice of whether or not mung 

beans or pinto beans should be intercropped with summer squash should 

be left entirely to the grower and no attempt will be made here to in

fluence a grower's choice since the two legumes possess different food 
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qualities and culinary values. It Is therefore concluded that Inter

cropping simmer squash with either mung beans or pinto beans Is superi

or to monocropplng either of the crops. 

Evidently, the highest benefits of intercropping summer squash 

with either mung beans or pinto beans are derived when the soil fertil

ity is low to medium. This raises doubts as to whether monocropplng 

vegetable crops or other crops is the more economic method because of 

the soaring prices of fertilizers and other farm inputs. One wonders 

whether monocropplng considered to be inefficient in utilization of 

crop production resources can continue to exist unchallenged. While 

this issue cannot be resolved on the basis of this study, investiga

tions involving other vegetable crops intercropped with mung beans, 

pinto beans or other legumes such as cowpeas should help. 

Considering the management practices employed in the production 

of mung beans, pinto beans and summer squash under intercropping re

gimes, I conclude that the system employed in this study is much more 

adaptable to a small scale farming system where labor availability is 

not a constraint and land is at a premium. It should, however, be 

noted that the potential for extending the system to commercial large 

scale mechanization is great. For example, it was demonstrated that 

weeding with a tractor mounted cultivator is possible and efficient. 

With the increasing reliance on biological pest control, one can see a 

greater future for adoption of intercropping than was ever thought of 

before. Mechanical harvesting can partially be achieved by first 

harvesting the vegetable crop by hand, followed by combine harvesting 

of the legumes. 
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The findings of this study are an asset to the developing 

countries where land is becoming more and more of a premium and labor 

is both abundant and cheap while food shortages are rampant. The cost 

of fertilizer is prohibitive and as such, any method that benefits from 

low soil fertility would undoubtedly be considered superior to any 

other whose success depends on high soil fertility. 

At this juncture, it Is suggested that further investigations 

should be conducted to; (1) determine if either mung beans or pinto 

beans release substances into the root environment which could benefit 

the growth and yield of summer squash, (2) determine the commercial ap

plicability of the findings of this study involving other crops such 

as peppers and tomatoes in view of providing shade to either lower the 

ambient temperature or prevent sun-scorching of sweet peppers, and (3) 

determine the water utilization efficiency in vegetables Intercropped 

with legumes (including squash). 

Two principles have evolved from this study: 

1. V/hen one of the component crops in an intercropping regime is 

spaced at its optimum were it monocropped, the maximum land production 

Is attained by spacing the second component crop at a population lower 

than its optimum spacing when monocropped. 

2. In an intercrop, the maximum land production is attained at soil 

fertility levels lower than required to attain maximum production of 

either component crop monocropped. 



CHAPTER VI 

SUMMARY 

A series of experiments were conducted during the period: 

Summer 1977 to February 1980, at both the University of Arizona, Ex

periment Station, Marana, and In a greenhouse at the University of 

Arizona, Campbell Avenue farm. 

Intercropping mung beans or pinto beans with summer squash at 

either adjacent rows or within the row did not significantly influence 

the seed yield, although the adjacent row intercropping tended to out-

yield the within row intercropping. Intercropping summer squash with 

either mung beans or pinto beans in adjacent rows yielded significantly 

higher summer squash fruit than within row intercropping of summer 

squash with either mung beans or pinto beans. 

Intercropping mung beans or pinto beans with summer squash sig

nificantly reduced the root and shoot dry weights of both mung beans 

and pinto beans. High N fertility levels resulted in a significant re

duction In root growth of pinto beans. Summer squash root and shoot dry 

weights were not significantly affected by intercropping with either 

mung beans or pinto beans, but nitrogen deficiency caused significant 

reductions in root and shoot growth. 

Although the economic yields of mung beans, pinto beans and 

summer squash were not significantly affected by Increasing nitrogen 

fertility levels to 70 kg N/ha, the fruit yield of summer squash 
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intercropped with mung beans was significantly reduced. Increasing phos

phorus fertilizer treatments to 86 kg P20̂ /ha did not Influence the 

economic yield of mung beans, pinto beans and summer squash, but inter

cropping summer squash with mung beans significantly reduced the summer 

squash yield. 

Stem and leaf dry weight yields increased with plant popula

tion, reaching significantly high proportion when summer squash was 

spaced at 100 cm x 25 cm. Although not significant, similar trends 

were exhibited by both mung beans and pinto beans. Mung bean and pinto 

bean wall dry weight yields were significantly Influenced by plant popu

lations, the highest population yielding the highest. The total dry 

matter yield of mung beans increased with Increase in plant population, 

but it was not influenced by intercropping with summer squash. Simi

larly, pinto bean total dry matter yield Increased with increase in 

plant population, but Intercropping with summer squash spaced at 50 and 

25 cm within the row significantly reduced the dry matter yield of 

pinto bean. Stimmer squash shoot dry weight yield increased with plant 

population, but intercropping with either mung beans or pinto beans 

had no effect. 

Mung bean, pinto bean and summer squash leaf area was signif

icantly influenced by plant population, the highest leaf area being at 

the highest plant population, but Intercropping had no significant in

fluence. Specific leaf weight, LAWR and LWR of mung bean, pinto bean 

and summer squash were neither influenced by intercropping nor by vary

ing the plant populations. Intercropping however significantly in

fluenced the LAI of mung beans, but not that of pinto beans. Increasing 
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plant populations had no significant influence on the LAI of either 

mung beans or pinto beans. However, plant populatioii significantly 

influenced the LAI of summer squash while intercropping with either 

mung beans or pinto beans had no significant effect. 

Seed yield of mung beans and pinto beans was significantly re

duced by intercropping with summer squash at 50 and 25 cm within the 

row for mung beans and 25 cm for pinto beans. Plant populations did 

not significantly influence seed yield. Increasing plant populations 

significantly increased the fruit weight of summer squash, but inter

cropping with either mung beans or pinto beans had no significant in

fluence on fruit yield. Although mung beans and pinto beans harvest 

indices tended to decrease with increase in plant populations, inter

cropping with summer squash and Increasing the plant population did 

not influence the harvest indices. In all cases, interception of PAR 

both total and at the middle of the canopy was neither influenced by 

intercropping nor by plant populations. This suggests that where 

plant populations were low, there was compensatory canopy growth. 

Seed yield of mung beans was very highly correlated (signif

icant at the 0.1% level) with HI, significantly correlated at the 5% 

level with total dry weight, but highly negatively correlated with 

the LAI. Pinto bean yield was very highly correlated with pod wall 

weight, total dry weight and HI. However, summer squash fruit weight 

was very highly correlated with stem dry weight, leaf dry weight, shoot 

dry weight, leaf area, LAI and also significantly correlated (at the 5% 

level) with SLW. The lack of significant positive correlations between 

economic yield and leaf area and LAI by both mung beans and pinto beans, 



157 

coupled with their exhibition of very high correlations between their 

leaf area and stem dry weight, leaf dry weight and pod wall dry weight, 

is indicative of inefficient partitioning of photosynthates to the 

seed. Summer squash displayed a more balanced efficiency in partition

ing of photosynthates. 

Increasing N fertility level to 1A4 ppm significantly in

fluenced the accumulation of NÔ -N in shoots of mung beans and pinto 

beans, but not summer squash. Intercropping significantly reduced the 

amount of NÔ -N accumulated in the shoots of pinto beans, but the re

ductions in the shoots of mung beans and summer squash, though 

noticeable, were not significant at the 5% level. Neither did inter

cropping nor Increasing fertility levels of N or P significantly af

fect the NOg-N and/or P accumulation in leaf petioles of field grown 

mung beans, pinto beans or summer squash. 

Shoot dry weights were positively correlated (significant at 

the 5% level) with NÔ -N accumulation in the shoots of mung beans, 

pinto beans and summer squash, but the economic yield was not signif

icantly correlated with NÔ -N accumulation in the leaf petioles of mung 

beans, pinto beans or summer squash. It was only when phosphorus 

fertility level was high that significant positive correlations were 

noted between P accumulation in leaf petioles of pinto beans and seed 

yield. Although not significant, negative correlations were recorded 

between mung bean and summer squash leaf petiole accumulations of F 

and economic yield. 

While summer squash exhibited autotoxicity, mung bean root 

leachate promoted growth of pinto beans and summer squash. 
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This study has demonstrated that Intercropping summer squash 

with either mung beans or pinto beans under certain crop management 

systems definitely Increases food production per unit space. Inter

cropping summer squash with pinto beans increased food production per 

unit space by as much as 76% while intercropping summer squash with 

mung beans Increased the food production by as much as 63%. The ad

vantage of Intercropping summer squash with pinto beans over inter

cropping summer squash with mung beans is because pinto beans have a 

trailing growth habit and thus share light with summer squash better 

than mung beans whose erect growth habit leads to greater shading of 

summer squash. Intercropping summer squash with either mung beans or 

pinto beans resulted in the highest food production Increases under 

conditions where fertility level was low, the magnitude diminishing 

with increases in fertility levels. 

Furthermore, dry weight production per unit space was Increased 

by as much as 185% by Intercropping summer squash spaced at 100 x 25 

cm with mung beans spaced at 100 x 8 cm, while Intercropping summer 

squash spaced at 100 x 25 cm with pinto beans spaced at 100 x 8 cm in

creased the dry weight yield per unit space by 81%. 
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