
Effects of spatial arrangement and density on efficiency,
yield and yield components, dry matter partitioning and

growth of an annual cotton/cowpea/maize intercrop.

Item Type text; Dissertation-Reproduction (electronic)

Authors Neto, Francisco Bezerra.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:12:58

Link to Item http://hdl.handle.net/10150/186205

http://hdl.handle.net/10150/186205


I! 

INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be fro~ any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleed through, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

U-M-I 
University Microfilms Internallonal 

A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, M148106-1346 USA 

3131761-4700 800/521-0600 





Order Number 9322704 

Effects of spatial arrangement and density on efficiency, yield 
and yield components, dry matter partitioning and growth of an 
annual cotton/cowpea/maize intercrop 

Neto, Francisco Bezerra, Ph.D. 

The University of Arizona, 1993 

V·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 



It 



EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY ON 

EFFICIENCY, YIELD AND YIELD COMPONENTS, DRY 

MATTER PARTITIONING AND GROWTH OF AN ANNUAL 

COTTON/COWPEA/MAIZE INTERCROP 

by 

Francisco Bezerra Neto 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PLANT SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN AGRONOMY AND PLANT GENETICS 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 3 



I! 

THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Francisco Bezerra Neto 

2 

en titled __ E_' F_' F_' E_' C_T_S_Ol_C _S_P_A_T_I_AI_"_A_R_,R_A_N_G_Et_'1E_' N_T_A_N_D_D_E_' N_S_I_T_Y_m_~ ______ _ 

EFFICIENCY, YIELD AND YIELD CONPONENTS, DRY NATTER 

PARTITIONING AND GROHTH OF AN ANNUAL COTTON/COHPEA/HAIZE 

INTERCROP 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of ___ D_o_c_to_r __ o_f __ P_l_li_l_o_s_o_p_h_Y __________________ __ 

~ .~ (2, (11) 
Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation Director Robert H. Robichaux 



1_'-

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

3 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the head 
of the major department or the Dean of the Graduate College 
when in his or her judgment the proposed use of the 
material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author. 

1 

(bi] tt().'. 



4 

ACKNOWLEDGMENTS 

I wish to express my deepest gratitude and appreciation 
to Dr. Robert Hall Robichaux for his direction, advice and 
assistance throughout my graduate program and in the 
preparation of this dissertation. I also wish to thank the 
other members of my committee, Drs. B. Brooks Taylor, 
Michael J. Ottman, Peter F. Ffolliott and Vicente L. Lopes, 
for committing their valuable time to help and serve on my 
graduate committee as well as for reviewing this 
manuscript. 

Special appreciation is extended to: 

Drs. Martin F. Fogel and Vicente L. Lopes for providing 
me with the opportunity to come to the University of 
Arizona. 

Dr. Robert O. Kuehl for his suggestions on the 
statistical analyses used for this study. 

CNPq (Conselho Nacional de Desenvolvimento Cientifico e 
Tecnologico) and ESAM (Escola Superior de Agricultura de 
Mossoro) for the financial support during my graduate work. 

Carl L. Schmalzel, Susanne Schwinning and Suzanne 
Nelson for helping me with the field work. 

Very special recognition is also given to all friends 
at home and abroad, whose moral support kept me on target. 

However, this dissertation would never have been 
completed had I not been inspired by my Lord, Jesus Christ, 
my personal savior, my healer, and my provider. 



11-

This dissertation is dedicated to my wife, Edinir, 

our son, Topsonsky, and our daughters, Tracy and 

Tanny. Their understanding and love during this 

study provided me with the necessary strength 

required to complete my graduate and research 

program. 

5 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS 9 

LIST OF TABLES (Text) 12 

LIST OF TABLES (Appendix) ............................ 13 

ABSTRACT 15 

CHAPTER 

1. GENERAL LITERATURE REVIEW............... .... ... 17 

1.1. Advantages and Disadvantages of 
Intercropping. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

1.2. Agronomic Aspects of Intercropping. ....... 29 
1.2.1. Intercrop Competition........ ......... 29 
1.2.2. Intercrop Resource Use........ ........ 33 

1.2.2.1. Light Use.......... . . . . . . . . . . . . . . . 34 
1.2.2.2. Water and Nutrient Use.. .......... 37 

1.2.3. Component Crop Density........ ........ 44 
1.2.4. Component Crop Spatial Arrangement... 46 

1.3. Indices for Evaluating Productivity and 
Efficiency of Intercropping... .... ........ 49 

1.3.1. Land Equivalent Ratio (LER) ........... 50 
1.4. Statistical Analysis of Intercropping 

Systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

2. EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY 
ON AN ANNUAL COTTON/COWPEA/MAIZE INTERCROP. 
I. AGRONOMIC EFFICIENCy.......... ............. 62 

2.1. INTRODUCTION ............................. 62 

2.2. MATERIALS AND METHODS.... ... ............. 64 
Experiment I ............................ 67 
Experiment II ........................... 73 

2 . 3. RESULTS .................................. 76 
LER and Proportional LER . ................ 76 

6 



TABLE OF CONTENTS - Continued 

Experiment 
Experiment 

Partial LER 
Experiment 
Experiment 

I ........................... . 
II .......................... . 

I ........................... . 
II .......................... . 

Page 

76 
84 
88 
88 
91 

2.4. DISCUSSION ............................... 91 

3. EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY 
ON AN ANNUAL COTTON/COWPEA/MAIZE INTERCROP. 
II. BIOMASS, YIELD, AND YIELD COMPONENTS.. .... 97 

3.1. INTRODUCTION .......... .............. ..... 97 

3.2. MATERIALS AND METHODS .. .................. 99 
Experiment I ............................ 99 
Experiment II ........................... 102 

3.3. RESULTS .................................. 103 
Experiment I ............................ 103 
Experiment II ........................... 108 

3.4. DISCUSSION ............................... 114 

4. EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY 
ON AN ANNUAL COTTON/COWPEA/MAIZE INTERCROP. 
III. DRY MATTER PARTITIONING AND GROWTH ....... 118 

4.1. INTRODUCTION ............................. 118 

4.2. MATERIALS AND METHODS .................... 119 

4.3. RESULTS .................................. 122 
Dry Matter Partitioning .................. 122 

Experiment I ............................ 122 
Experiment II ........................... 125 

Growth ................................... 128 

4.4. DISCUSSION ............................... 133 

7 



L __ . 

8 

TABLE OF CONTENTS - Continued 

Page 

5. CONCLUSIONS .................................... 135 

6. APPENDIX ....................................... 138 

7. REFERENCES ..................................... 151 



I~I-

LIST OF ILLUSTRATIONS 

Page 

FIGURE 1. Daily rainfall and maximum and minimum air 
temperatures in Experiments I and II ........ 66 

FIGURE 2. Spatial arrangements sketch for Experiment 
I .......................................... 69 

FIGURE 3. Land equivalent ratio (LER) as affected by 
cowpea/maize density in Experiment I in two 
forms of standardizing intercrop biomass or 
yield by block (BB) and average over blocks 
(AB) ....................................... 78 

FIGURE 4. Cotton proportional LER as affected by 
cowpea/maize in Experiment I in two forms of 
standardizing intercrop biomass or yield by 
block (BB) and average over blocks (AB) 81 

FIGURE 5. Cowpea proportional LER as affected by 
cowpea/maize density in Experiment I in two 
forms of standardizing intercrop yield by 
block (BB) and average over blocks (AB) 82 

FIGURE 6. Maize proportional LER as affected by 
cowpea/maize density in Experiment I in two 
forms of standardizing intercrop yield by 
block (BB) and average over blocks (AB) .... 83 

FIGURE 7. Maize proportional LER as affected by cowpea/ 
maize density in Experiment I in two forms of 
standardizing intercrop biomass by block (BB) 
and average over blocks (AB) ............... 85 

FIGURE 8. Maize proportional LER as affected by cotton 
density in Experiment II in two forms of 
standardizing intercrop yield by block (BB) 
and average over blocks (AB) ............... 87 

FIGURE 9. Land equivalent ratio (LER) as affected by 
cotton density and cowpea/maize density in 
Experiment II in two forms of standardizing 
intercrop biomass by block (BB) and average 
over blocks (AB) ........................... 89 

9 



LIST OF ILLUSTRATIONS - Continued 

FIGURE 10. Land equivalent ratio (LER) as affected by 
cotton density and cowpea/maize density in 
Experiment II in two forms of standardizing 
intercrop yield by block (BB) and average 

10 

Page 

over blocks (AB) ........................... 90 

FIGURE 11. Cotton biomass as affected by cowpea/maize 
density in Experiment I .................... 106 

FIGURE 12. Cowpea biomass as affected by cowpea/maize 
density in Experiment I .................... 107 

FIGURE 13. Maize yield, number of ears, number of 
kernels/ear, and weight of 100 kernels 
as affected by cowpea/maize density in 
Experiment I ............................... 109 

FIGURE 14. Maize length of kernel row as affected by 
cowpea/maize density in Experiment I ....... 110 

FIGURE 15. Maize biomass as affected by cowpea/maize 
density in Experiment I ................... 111 

FIGURE 16. Cotton boll size as affected by cotton 
density in Experiment II .................... 113 

FIGURE 17. Cowpea leaf area index (LAI) and leaf dry 
matt~r (~DM) as ~ffected by cowpea/maize 
denslty ln Experlment I .................... 124 

FIGURE 18. Maize leaf area index (LAI) , leaf dry matter 
(LDM) , stem and fruit dry matter (SFDM), 
and total dry matter (TDM) as affected by 
cowpea/maize density in Experiment I ....... 126 

FIGURE 19. Cotton leaf area index (LAI) , leaf dry matter 
(LDM) , stem and fruit dry matter (SFDM), and 
total dry matter (TDM) as affected by cotton 
density in Experiment II ................... 127 

FIGURE 20. Maize leaf area index (LAI) as affected by 
cotton density in Experiment II ............ 129 



11 

LIST OF ILLUSTRATIONS - Continued 

Page 

FIGURE 21. Cotton crop growth rate (CGR) as affected 
by cotton density from 39 to 74 days after 
sowing (DAS) in Experiment II .............. 131 

FIGURE 22. Cotton relative growth rate (RGR) and net 
assimilation rate (NAR) as affected by cotton 
density during the interval of 46-53 days 
after sowing in Experiment II ............... 132 



l __ _ 

LIST OF TABL.ES 
(Text) 

TABLE 1. Soil test values for Experiments I and 

12 

Page 

II .......................................... 65 

TABLE 3. Land equivalent ratio (LER) as affected 
by spatial arrangement in Experiment I ....... 77 

TABLE 5. Proportional LER as affected by spatial 
arrangement in Experiment I ................. 79 

TABLE 6. Expected and actual partial LER as affected 
by spatial arrangement, cowpea/maize density, 
and cotton density in Experiments I and II 
standardized using sole crop biomass or yield 
in each block (BB) .......................... 92 

TABLE 8. Seed cotton yield and percent turnout, cowpea 
biomass, yield, and number of pods, maize 
yield, number of kernels/ear, weight of 100 
kernels, and length of kernel row as affected 
by spatial arrangement in Experiment I ...... 104 

TABLE 13. Cotton and cowpea leaf area index (LAI) , leaf 
dry matter (LDM) , stem and fruit dry matter 
(SFDM), and total dry matter (TDM) , and maize 
leaf area index (LAI) as affected by spatial 
arrangement at 60 days after sowing in 
Experiment I ............................... 123 



L 

LIST OF TABLES - Continued 
(Appendix) 

TABLE 2. F significance for land equivalent ratio 
(LER) in an annual cotton/cowpea/maize 

13 

Page 

intercrop in Experiments I and II ........... 139 

TABLE 4. F significance for proportional LER in an 
annual cotton/cowpea/maize intercrop in 
Experiments I and II ........................ 140 

TABLE 7. F significance for cotton biomass, yield, 
and yield components in Experiments I and 
II .......................................... 141 

TABLE 9. F significance for micronaire, staple 
length, uniformity, strength, reflectance, 
yellowness, and elongation in Experiments 
I and II .................................... 142 

TABLE 10. F significance for cowpea biomass, yield, 
and yield components in Experiments I and 
II .......................................... 143 

TABLE 11. F significance for maize biomass, yield, 
and yield components in Experiments I and 
II .......................................... 144 

TABLE 12. F significance for cotton leaf area index 
(LAI) , leaf dry matter (LDM) , stem and 
fruit dry matter (SFDM), and total dry 
matter (TDM) at 60 days after sowing in 
Experiments I and II ........................ 145 

TABLE 14. F significance for cowpea leaf area index 
(LAI) , leaf dry matter (LDM) , stem and 
fruit dry matter (SFDM), and total dry 
matter (TDM) at 60 days after sowing in 
Experiments I and II ........................ 146 

TABLE 15. F significance for maize leaf area index 
(LAI) , leaf dry matter (LDM) , stem and 
fruit dry matter (SFDM), and total dry 
matter (TDM) at 60 days after sowing in 
Experiments I and II ........................ 147 



1_' _ 

LIST OF TABLES - Continued 

TABLE 16. F significance for cotton crop growth 
rate (CGR) , relative growth rate (RGR) , 
and net assimilation rate (NAR) for 7-day 
intervals from 25 to 81 days after sowing 

14 

Page 

in Experiment II ............................ 148 

TABLE 17. F significance for cowpea crop growth 
rate (CGR) , relative growth rate (RGR) , 
and net assimilation rate (NAR) for 7-day 
intervals from 25 to 67 days after sowing 
in Experiment I I. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 149 

TABLE 18. F significance for maize crop growth rate 
(CGR) , relative growth rate (RGR) , and 
net assimilation rate (NAR) for 7-day 
intervals from 25 to 67 days after sowing 
in Experiment II ............................ 150 



I_I ___ _ 

15 

ABSTRACT 

The effects of spatial arrangement and density on 

agronomic efficiency, yield and yield components, dry 

matter partitioning and growth of an annual cotton/cowpea/ 

maize intercrop were examined in 1990 and 1991 in Tucson, 

Arizona. The 1990 experiment consisted of four spatial 

arrangements crossed with four densities of cowpea and 

maize in a complete factorial design. The 1991 experiment 

consisted of two densities of cowpea and maize selected 

from the 1990 experiment in the best spatial arrangement 

crossed with five densities of cotton in a complete 

factorial design. 

A land use efficiency of 12% (or a land equivalent 

ratio of 1.12) was obtained in the spatial arrangement of 

single rows of cowpea and maize between singles rows of 

cotton, whereas a land use efficiency of 11% was obtained 

for cowpea and maize at a combined density of 50,000 

plants/ha intercropped with cotton at a density of 50,000 

plants/ha. Maize provided a greater contribution to the 

land use efficiency than either cotton or cowpea. 

Cotton yield was highest in the spatial arrangement of 

single rows of cowpea and maize between single rows of 

cotton. For the two food crops, cowpea yield was highest 

in the spatial arrangements in which cowpea and maize were 
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grown in different rows between rows of cotton, whereas 

maize yield was highest in the spatial arrangements in 

which cowpea and maize were grown in the same rows between 

rows of cotton. 

Cotton fiber quality was not influenced by spatial 

arrangement, cowpea/maize density, and cotton density. 

Number of cowpea pods was affected by spatial arrangement 

in a manner similar to cowpea yield. Number of maize ears 

increased as cowpea/maize density increased, whereas number 

of kernels/ear, weight of 100 kernels, and length of kernel 

rows decreased as cowpea/maize density increased. 

Dry matter accumulation in leaves, stems, and fruits 

of cotton and cowpea was greatest in the spatial 

arrangements in which cowpea and maize were grown in 

different rows between of rows of cotton. Weekly cotton 

growth rate increased as cotton density increased from 39 

to 74 days after sowing. 
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CHAPTER 1 

1. GENERAL LITERATURE REVIEW 

The emphasis of modern agriculture is to promote the 

increase of food production of agricultural systems. One 

of the proposed approaches is to increase the number of 

crops grown on a piece of land by intercropping (Beets, 

1982; Govinden et al., 1984). Intercropping refers to a 

crop management system involving the simultaneous growing 

of two or more crops on the same area with a significant 

overlap of their growth cycles, and, consequently, 

competition for light, water and nutrients during a major 

part of crop growth (Francis, 1985; 1986). This type of 

agriculture has been the most common form of crop 

production practiced by low-resource farmers in tropical 

regions, where small farms and labor-intensive operations 

predominate (Kass, 1978; Steiner, 1982; Gomez and Gomez, 

1983; Francis, 1986; Mason and Pritchard, 1987; Gliessman, 

1990). It has been used to diminish the risk of losing the 

entire crop yield and to maximize land use (Mercado, 1987). 

Though some research effort has been devoted to 
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certain types of intercropping relative to conventional 

agriculture, there are some other kinds of intercropping 

systems that need scientific information about their 

management practices. Among these types of intercropping 

systems are the associations: annual cotton/cowpea/maize, 

annual cotton/cowpea/sorghum, annual cotton/cowpea, annual 

cotton/maize and annual cotton/sorghum. 

This literature review concentrates on important 

agronomic and mathematical aspects of intercropping, with 

special emphasis on annual cotton/legume and/or cereal crop 

combinations. 

1.1. Advantages and Disadvantages of Intercropping 

Recent research has shown that intercropping systems 

can often produce substantially higher yields than the 

corresponding sole crop systems (pure stand systems). One 

of the great attractions of intercropping is that the yield 

advantage can usually be achieved simply and cheaply, 

namely by growing crops together rather than separately 

(Willey, 1990). Among several mechanisms that can bring 

about higher yields, the most widely applicable one is that 

intercropping systems can make better use of environmental 

resources (Willey, 1979a). If crops differ in the way they 

utilize environmental resources then, when grown together, 
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they can complement each other and make better combined use 

of resources than when they are grown separately. This 

complementarity can be regarded as temporal, where the 

crops make their major demands on resources at different 

times, or spatial, where differences in resource use arise 

from differences in canopy or root dispersion (Willey, 

1990) . 

Competition or complementarity between plants and 

species is the normal situation in farmers' fields 

(Steiner, 1982). Farmers, however, have selected 

associations with reduced competition that give a yield 

advantage (Steiner, 1982). In these associations, the 

component crops are not competing for exactly the same 

growth factors (light, water and nutrients) and, thus, 

inter-crop competition is less than intra-crop competition 

(Willey, 1979a). Maximizing intercropping advantages is 

therefore a matter of maximizing the degree of 

complementarity between the component crops and minimizing 

inter-crop competition. On this basis, intercropping 

advantages are more likely to occur where the component 

crops are very different (Willey, 1979a). 

Several others advantages have been proposed to 

account for the popularity of intercropping. Among them 

are stability of yield among crop seasons, lower incidence 

of pests, diseases and weeds, better distribution of labor, 
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Willey (1979a) stated that a major reason for the 

predominance of intercropping in poorly developed 

agriculture is that it can give greater stability of yield 

over different seasons. The degree of compensation is 

likely to be positively correlated with the degree of 

overlap in resource use, which in turn is likely to be 

negatively correlated with the magnitude of the yield 

advantage. This suggests that the mechanisms promoting 

increased yield stability in intercrops may be the opposite 

of mechanisms promoting increased yield advantages. Such 

compensation is not possible if the crops are grown 

separately. Compensation has been reported in a few cases. 

Yield advantages (in terms of absolute and relative yields) 

from mixing maize and beans were highest where maize failed 

due to hail damage, late planting or disease (Fisher, 

1976). Groundnuts and soybeans compensated for a yield 

decrease in castor bean due to insects (Evans and 

Sreedharan, 1962). Likewise, rice yields increased when 

corn was eliminated from a mixture of rice and corn (IRRI, 

1975). Reddy et al. (1980) found that growing intercrops 

between the pairs of base crops (corn and sorghum) was 

feasible, with significantly increased returns. Zaffaroni 

et al. (1987) analyzed the yield stability of maize, dry 
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beans, cassava and annual cotton under sole cropping and 

intercropping systems in Northeast Brazil using 

coefficients of variation and regression techniques. The 

coefficients of variation were always higher in sole 

cropping than in intercropping for the four crops. Maize 

and dry beans in both systems had similar coefficients of 

regression, which were less than one. On the other hand, 

the coefficients of regression in cassava and annual cotton 

were higher than one for sole crops and statistically 

different from intercropping systems, which had slope 

values (between yield and environmental index) lower than 

one and hence were considered more stable. Zaffaroni et 

al. (1987) concluded that the advantage of intercropping in 

improving yield stability was more striking compared to 

sole cropping when the yields were negatively affected by 

intercropping. Rao and Willey (1980b) stated that 

intercropping could provide greater stability if its yield 

advantages, compared with sole cropping, were greater under 

stress than non-stress conditions, since this would mean 

that intercropping yields in seasons of stress would not 

decrease as much as yields of sole crops. They also said 

that a further mechanism for improving stability could 

occur where intercropping provides a buffer against pests 

and diseases, for example, where one crop acts as a barrier 

against the spread of a pest or disease of the other crop. 
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Thung and Cock (1979) reported that intercropping is a 

method for controlling pests and diseases. This control 

could be of tremendous importance for the small farmer with 

limited resources who cannot use purchased inputs to 

control pests and diseases. Intercrops have been shown to 

reduce the populations of numerous herbivore species under 

a wide range of conditions. Risch et al. (1983) reported 

that in 150 intercropping studies involving 198 herbivore 

species, 53% of the herbivore species were less abundant in 

the intercrop, 18% were more abundant, 9% showed no 

difference, and 20% showed a variable response. In Tamil 

Nadu, India, the effects of double row intercropping of 

annual cotton with mung bean, black gram, cowpea, sunflower 

or lablab and sole cropping of cotton, black gram, mung 

bean, cowpea, lablab and sunflower on the incidence of 

sucking pests were studied in a field trial by Venkatesan 

et al. (1987). The leafhopper population was less for 

cotton when intercropped with sunflower, mung bean or black 

gram than when intercropped with cowpea or lablab, and was 

greater for all crops in sole crop. The aphid infestation 

was less in the sole crops of mung bean, black gram and 

sunflower than in sole crops of cowpea, lablab, and cotton 

and in intercrops with cotton. The popUlation of whitefly 

was not affected by intercropping. Amoaka-Atta et al. 

(1983), studying maize, cowpea, and sorghum intercropping, 
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concluded that interplanting noncereal-cereal combinations 

delays colonization and establishment of the species, Chilo 

partellus (stem-borer), and that damage to cowpea pods 

could be reduced by such intercropping combinations. In an 

experiment with small plots carried out in Nicaragua by 

Schultz (1988), counts of green lacewing (Neuroptera: 

Chrysopidae) eggs were made in cotton intercropped with 

corn, beans, or weeds, and in cotton sole crops. 

Significantly fewer eggs were found in cotton intercropped 

with corn and weeds than in cotton sole crops, but cotton 

plants tended to be smaller in intercrops. The lower 

chrysopid egg numbers in cotton intercropped with corn or 

weeds were significant when adjusted for differences in 

leaf number per cotton plant and mean cotton leaf area. 

Altieri et al. (1978) stated it is critical to select 

the correct plant diversity for a given microclimatic/ 

biotic situation since a specific diversity in the same 

system can be beneficial in one place but harmful in 

another. For example, in Tanzania and California, 

intercropping maize and cotton increased Heliothis 

virescens damage, but in Peru (Canete Valley) this system 

favored the control of Heliothis (Southwood and Way, 1970, 

cited by Altieri et al., 1978). Intercropping maize with 

cotton has been variously reported to reduce or increase 

infestations of bollworms (Heliothis spp.) on cotton (Smith 
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and Reynolds, 1972 and Henry and Adkisson, 1965~ both cited 

by Ezueh and Taylor, 1984). 

Altieri and Liebman (1986) claim that the 

diversification of crops also may reduce the incidence of 

plant loss to disease. The intercropping of a non

susceptible host along with a susceptible one creates a 

dilution and a barrier effect. While this can be of value 

in controlling the rate of progress of such diseases as 

bacterial wilt, which moves with water in the soil, it is 

difficult to envisage a few plants stopping the movement of 

airborne disease organisms. The phenomenon of 

overcompensation has repeatedly been mentioned as a cause 

of yield advantages in intercropping in the presence of 

disease. Full rice yields were obtained in the Philippines 

when maize was eliminated from maize-rice mixtures by downy 

mildew in the early stages (IRRI, 1975). Field studies on 

the effects of intercropping cowpea with maize on the 

severity and rate of spread of pathogens indicate that 

diseases may either be enhanced or reduced, the outcome 

depending upon complex interactions between several factors 

(Allen and Skipp, 1982). Dissemination of cowpea mosaic 

virus and cowpea chlorotic mosaic virus in cowpea sole 

crops has frequently been faster than in cowpea 

intercropped with maize (Gonzales et al., 1975, 1976, cited 

by Moreno, 1979). Larios and Moreno (1977) documented 
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evidence of disease buffering in various tropical 

intercropping systems. For example, Ascochyta phaseolerum 

was less prevalent in cowpea interplanted with maize than 

in cowpea growing alone (Altieri and Liebman, 1986). The 

total number of diseased plants as well as the speed of 

dissemination of the pathogen were less in the intercrops. 

The maize plants apparently acted as a natural barrier to 

the free spread of the fungus propagules. 

Crops with different times to reach full canopy can be 

combined to reduce the weed problem (Leihner, 1983; 

Horwith, 1985). Intercropping systems have the potential 

to reduce weed density by limiting the availability of 

resources to weed species. Liebman (1988) reported that 

several factors have been shown to have important effects 

on the ability of intercrops to suppress weeds. For 

certain crop combinations, increasing the number of crop 

species, per se, may result in increases in weed 

suppression ability above sole crop levels, but for other 

intercrops, increases in competitive suppression of weeds 

appear to be the result of increases in total crop density. 

Shelke et al. (1986) reported that studies on integrated 

methods of weed control in cotton intercropped with black 

gram during the Kharif season of 1982 revealed that there 

were significant differences in seed-cotton yield due to 

different cropping systems. All the weed control 
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treatments registered significantly higher seed-cotton 

yield over the control. In many intercropping systems, 

only one weeding is required to produce optimum yields 

instead of two or three in the corresponding sole crops. 

Often this weeding is combined with planting another 

intercrop, thus further reducing the time required solely 

for weeding (Steiner, 1982). A common practice in Nigeria, 

for example, is to sow cowpea into established maize, 

sorghum or millet during weeding about one month after the 

weeds have emerged. Seed bed preparation and weeding are 

done at the same time and emerging cowpea competes 

effectively with weeds, making another weeding unnecessary 

(Steiner, 1982). 

Intercropping can reduce total labor input as compared 

to sole cropping. Research carried out in northern Nigeria 

showed that intercropping systems had a higher total labor 

requirement compared to sole cropping, but that 

intercropping gave a significantly higher return to the 

labor input in the peak season (Norman, 1974; Norman, 

1980) . 

Intercropping is a means to achieve a full canopy 

cover fast and, hence, to reduce soil erosion. For 

example, runoff and erosion with intercropping of cassava 

and maize were determined to be less than with sole cassava 

(Aina et al., 1977). Okigbo (1977) reported control of 
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erosion with other crop combinations such as maize and 

cowpea, and sweet potato and cassava. At Watkinsville, 

Georgia, a cotton-vetch (Vicia sp.) association in a 2-year 

sequential cropping with a corn-crotalaria association 

reduced runoff and erosion in two land classes (Hendrickson 

et al., 1963). Runoff and soil losses were similar in 

maize-groundnut and maize-cowpea plots but tended to be 

lower in the maize-cotton plots (Kumar et al., 1987). 

Under some circumstances intercropping may be 

disadvantage. Govinden et al. (1984) reported that the 

most common objections to intercropping are associated with 

the difficulties of mechanizing cultural operations, 

especially mechanized harvesting, and of gauging inputs to 

two or more crop species. This is believed to be a major 

reason why intercropping is not common in developed 

countries. In many areas of the tropics where unemployment 

is high, complete mechanization may be neither necessary 

nor desirable. It is, however, useful to use animals and 

small implements to alleviate some of the hardships 

associated with agriculture in the tropics. Govinden et 

al. (1984) stated that it has been difficult to practice 

even partial mechanization of cultural operations in mixed 

intercropping situations. This difficulty probably is 

associated with little research that has been devoted to 

developing mechanized harvesting procedures for most 
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intercrops, other than for forage mixtures. However, this 

need not imply that the benefits of intercropping have to 

be foregone. One method to retain the benefits of 

intercropping and at the same time permit the use of 

animal-drawn or motorized small implements is to grow the 

crops in rows. Many factors such as row width, wheel 

alignment and ground clearance must be taken into 

consideration. 

MacLean et al. (1984), quoted by Govinden et al. 

(1984), stated that proper soil fertilization may become a 

difficult task if the farmer wishes to optimize 

fertilization for each species and has to split and 

localize small quantities of fertilizer. The same authors 

also stressed that herbicide treatments are even more 

critical since treatments suitable for one crop may 

severely inhibit the other crops. 

Willey and Osiru (1972) commented that an almost 

inevitable feature of development programs is the emphasis 

placed on sole crops. They also claimed that probably the 

most frequently quoted justification for this emphasis is 

that as agriculture develops, mixtures become increasingly 

difficult to manage, particularly when mechanization is 

introduced. It is also said that some of the possible 

advantages of mixtures (e.g., a reduced buildup of pests 

and diseases, or the compensation possible if one species 
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fails) may become less applicable as better control is 

achieved over the various production factors (Willey and 

Osiru, 1972). This reasoning may be quite sound, but it 

overlooks the fact that there can be advantages of mixtures 

that may be equally applicable in highly developed 

agriculture. 

1.2. Agronomic Aspects of Intercropping 

1.2.1. Intercrop Competition 

Francis (1989) stated that biological complexities and 

interactions in intercropping systems present an 

interesting challenge to scientists who work to improve 

system productivity. Interactions between crops include 

both negative (competition) and positive (facilitation) 

components. For example, one crop, even while diminishing 

the supply of available nutrients, may provide the shade 

necessary for successful establishment of a second. Yet at 

a later stage, both crops can compete for light. In 

addition, one crop may produce toxins that slightly inhibit 

another crop but prevent growth of competitive weeds. 

Understanding ecological interactions like these in 

agricultural systems, rather than focusing only on the net 

outcome, may suggest ways to change the outcome by 
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. manipulating the system (Horwith, 1985). Boucher (1986) 

reported that competition between two crops is strongest 

when they both require a resource that is in short supply. 

Thus, addition of scarce resources can alleviate 

competition between the two crops, and allow both to yield 

better. 

Horwith (1985) stressed that when the distance between 

plants decreases to some critical point, they begin to 

compete for at least some of their resources. Given a set 

of fixed conditions (environment, planting pattern, etc.), 

competitive interactions between two crops can have three 

possible outcomes: 1) intraspecific competition can be less 

than interspecific competition for both crops; 2) 

intraspecific competition can be greater than interspecific 

competition for both crops; and 3) intraspecific 

competition can be less than interspecific competition for 

one crop, while the reverse is true for the other crop. It 

is highly improbable that intraspecific competition will 

always be less than interspecific competition for all 

resources (Horwith, 1985). If intraspecific competition 

were always less, then from the standpoint of competition 

alone, it would be better to grow each crop in sole crop. 

Even in this case, factors other than competition, such as 

pest insect reduction and weed control, might still argue 

for intercropping. If interspecific competition were less 
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than intraspecific competition for all resources between 

two crops, then it would be clearly advantageous to grow 

them as intercrops. More commonly, however, interspecific 

competition is less than intraspecific for many, but not 

all, resources (Horwith, 1985). For a particular resource, 

one crop can suffer greater intraspecific competition, and 

the other crop greater interspecific competition. Under 

these conditions the net outcome of the competitive 

interactions will be that one crop does better when grown 

in intercrop than in sole crop, but the other crop does 

worse by the same criterion. The outcome will depend on 

the net effects of intraspecific and interspecific 

competition for all resources. 

Competitive interactions are usually evaluated for a 

fixed environment, but outcomes of the interspecific 

interactions may be different under other environments 

(Harper, 1977; Trenbath, 1976). Since the requirements and 

the ability to satisfy them differ for each crop, it 

follows that interspecific competition will be least in 

more spatially and temporally heterogenous environments. 

The probability of realizing an intercrop advantage should 

be greatest when the two crops can draw from a patchwork of 

resources within a field and when they demand these 

resources at different times (Vandermeer, 1981). Other 

important components to meeting this demand for resources 



32 

at different times are the ideotypes and characteristics 

(such as leaf area and reproductive characters) of each 

crop, that play an important role in determining 

interspecific and intraspecific competition, and 

consequently, the intercrop advantage. Attempts have been 

made to quantify the effects of competition on plant 

characters in intercropping systems (Rao and Willey, 1980ai 

Smith and Francis, 1986). 

Few studies have been conducted to investigate the 

effect of competition on cotton plant characters in 

intercropping, such as leaf area index, yield components, 

dry matter, etc. Experiments carried out in Paraiba, 

Northeast Brazil on intercropping annual cotton and cowpea 

showed that cotton combined leaf area index and relative 

growth rate were less affected when the cotton was 

intercropped with an erect cowpea cultivar (Beltrao et al., 

1986b). They also reported that the architecture of the 

cotton was modified only in relation to monopodium length 

when the cotton was intercropped with an indeterminate, 

spreading cowpea cultivar. The seed weight and fiber 

quality index were not affected by competition with 

different cowpea cultivars. Beltrao et al. (1986a) carried 

out experiments to determine the influence of various 

planting configurations when two sorghum cultivars, grain 

and forage sorghum, were intercropped with an annual cotton 
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cu1tivar. None of the intercropping systems affected the 

cotton fiber characteristics, node numbers, monopodium and 

sympodium numbers, seed weight index and boll weight. Boll 

size, number of squares, picked bolls and seed-cotton 

yield/plant were higher in cotton intercropped with green 

gram (Vigna radiata) or black gram (yigna mungo) than in 

cotton intercropped with groundnut (Musande et a1., 1982b). 

Musande et a1. (1981a) reported that ginning percentage, 

fiber length, lint index and earliness index were not 

influenced signjficant1y due to plant arrangements, 

intercrops and fertilizer levels, when cotton was 

intercropped with green gram, black gram and groundnut. 

Dry matter accumulation in cotton intercropped with green 

gram (Vigna radiata) or black gram (Vigna mungo) was higher 

than when intercropped with groundnut (Musande et a1., 

1982a) . 

1.2.2. Intercrop Resource Use 

Crops compete for limited growth factors or resources 

such as light, water and nutrients. All work on the 

improvement of intercropping systems aims at better 

utilization of these resources. Willey (1990) stated that 

distinguishing between temporal and spatial systems can be 

a useful way of thinking about intercropping, because it 
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highlights some of the obvious crop differences that can 

lead to better resource use. It also indicates two basic 

ways in which resource use can be improved, namely by 

utilization of more resources (greater resource capture) or 

by more efficient use of a given unit of resource (greater 

resource conversion efficiency) . 

1.2.2.1 Light Use 

Light is one of the main factors used in intercropping 

systems and, thus, better availability of water and 

nutrients will perhaps only ensure that the light is fully 

exploited (Willey, 1979b). The amount of light intercepted 

by the component crops in an intercrop system depends on 

the geometry of the crops and foliage architecture 

(Trenbath, 1982; Tsay, 1985, cited by Ofori and Stern, 

1987a). In a trial in the Philippines, light interception 

was measured in sole maize and mixtures of maize with 

various crops (bean, mung, groundnut, and sweet potato) . 

Interception of light was better in the mixture from the 

beginning to almost the end of the season (IRRI, 1975). 

Ofori and Stern (1987a) commented that the generally taller 

cereal shades the legume, and at high densities causes 

reduced growth and yield of the companion legume. Gardiner 

and Craker (1981), working on bean growth and light 
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interception in a bean-maize intercrop showed that with a 

high maize population the mixed canopy could both intercept 

and retain more of the available photosynthetically active 

radiation (PAR) throughout the growing season than the 

canopy of a sole crop of bean. The tall stature and leaf 

development in the upper portion of the maize canopy 

apparently contributed to more light interception and less 

light reflection in the mixed bean-maize canopy. 

The higher productivity of intercrops compared to sole 

crops may be attributed to better light utilization by a 

crop canopy composed of plants with different foliage 

distributions (Willey and Roberts, 1976; Willey, 1979a). 

Trenbath (1976) reported that more efficient use of light 

can be obtained when, for example, the dominant crops have 

inclined leaves. This not only allows a better use of 

light within the plants themselves, but also increases the 

amount of light available to the dominated crops. 

Crops have differing abilities to compete for light. 

Some crops can adapt to low light intensities. Adaptations 

include reduced rates of dark respiration, lowered root/ 

shoot ratios and greater leaf area/leaf weight ratios 

(Trenbath, 1976). Cowpea has some shade tolerance and 

adapts to light conditions under tall cereals, such as 

maize or sorghum (Steiner, 1982). 

Other mechanisms for better spatial use of light by 
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mixtures include more efficient use of light rather than 

higher interception. This can be the result of 

differences, for example, in leaf orientation and overlap 

(Govinden et al., 1984). In a study of maize and 
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pigeonpea, Sivakumar and Virmani (1980) found that dry 

matter production per unit of PAR absorbed was higher in 

the mixture than in the sole crops. The higher PAR 

conversion efficiencies of these systems relative to the 

sole crops may be due to spread of light over greater leaf 

area, and more efficient distribution of light in the 

intercrop canopies during early stages of growth. Clark 

and Francis (1985) presented information on the 

distribution of vegetation in two bean varieties (bush and 

climbing beans) grown in association with maize. They 

observed that the occupation of space above the ground was 

more or less complementary and that a greater yield accrued 

to the combination with bush bean rather than climbing 

bean. 

Better temporal use of light is of considerable 

importance in mixtures of crops with different maturities. 

Light must be one of the growth resources that fast-growing 

components of relay-intercrops are able to use better 

(Govinden et al., 1984). Villareal and Lai (1977) measured 

the light falling on mixtures of tomatoes and sugarcane. 

They found that at 4 months, when the tomatoes were being 
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harvested, the two crop canopies had not overlapped and 

tomatoes did not interfere with the light available to 

sugarcane. Obviously in the absence of tomatoes much light 

goes to waste during the early growth stages of sugarcane. 

1.2.2.2. Water and Nutrient Use 

To acquire soil moisture and nutrients, crops invest 

heavily in root systems (Caldwell and Richards, 1986). 

Competition for soil factors (water and nutrients) will 

occur as soon as the depletion zones of roots of the 

component crops overlap (Steiner, 1982). Any consideration 

of below-ground resource use inevitably involves a 

consideration of rooting patterns (Willey, 1979a). The 

assumption that intercropping systems make better use of 

soil resources is based mainly on the consideration that 

interference is greater intraspecifically than 

interspecificallYi consequently, the root systems exploit 

different soil layers (stratification of the root systems). 

Thus, in combination they may exploit a greater total 

volume of soil (Willey, 1979a). Baldy (1963) explained 

some of the yield advantages in a legume/cereal intercrop 

by the different colonization of the soil with legume and 

cereal roots. While the cereal roots colonize the soil 

nearest the surface, the legumes have a very deep-reaching 
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root system. 

Water is an important soil factor in semiarid and 

subtropical regions, where intercropping is extensively 

practiced in dryland farming systems, and inadequate 

rainfall may frequently limit crop production (Baker and 

Norman, 1975). The differences in depth of rooting, 

lateral root spread, and root density are factors that 

affect competition for water between component crops 

(Babalola, 1980; Haynes, 1980). The use of different parts 

of the soil profile by root systems of different crops 

minimizes the degree of competition for water (Haynes, 

1980). The possible ways in which intercropping could 

improve water use compared with sole cropping are: 1) 

increase the total amount of water withdrawn from the soil 

(i.e. as transpiration); and 2) increase conversion 

efficiency (Willey, 1990). The reason most commonly 

proposed for greater withdrawal is that the different crops 

explore different horizons, giving a better dispersion of 

roots throughout the whole profile; but greater withdrawal 

could be due in part to greater root concentrations. It 

has also been suggested that simple temporal differences in 

rooting patterns may ensure greater total withdrawal over 

the season (Baker, 1974). Considering conversion 

efficiency based on transpiration, Rogers (1987), quoted by 

Willey (1990), has pointed out that this is a relatively 
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inflexible character for any given crop. Nevertheless, he 

argues that a sheltering effect of one crop on another 

could increase conversion efficiency by reducing wind speed 

or turbulent air movement. He also points out that with C3 

crops, which reach light saturation at lower intensities 

than C4 crops, some light reduction at high intensities may 

increase conversion efficiency by reducing transpiration 

without a commensurate reduction in photosynthesis. 

In Tamil Nadu, India, the water requirement of annual 

cotton alone or intercropped with black gram, mung bean or 

onion was studied under 4 irrigation regimes, viz. 0.45, 

0.60, 0.75, and 0.90 IW/CPE (irrigation water depth: 

cumulative pan evaporation) ratios (Palchamy et aI, 1986). 

Cotton x mung bean gave a higher cotton yield than other 

intercrops. The maximum cotton yield was reached with a 

0.90 IW/CPE ratio, given at an interval of 11 days 

(Palchamy et al., 1986). A field experiment constituting 

three plant rectangularities (60cm x 30cm, 75cm x 24cm, and 

90cm x 20cm) , three intercrops (cotton plus green gram, 

black gram, and groundnut), and three fertilizer levels was 

conducted during the Kharif season by Musande et al. 

(1981b). The results indicated that the consumptive use of 

water was increased with an increase in plant 

rectangularities. Cotton/groundnut intercrops recorded 

significantly higher water consumptive use than cotton/ 
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green gram and cotton/black gram intercrops. The maximum 

moisture use efficiency was recorded in the 75cm x 24cm 

plant rectangularity and in the cotton/green gram 

intercrop. The moisture extraction pattern was not 

influenced by the plant rectangularities, cropping systems 

and fertilizer levels at all the layers, except that at a 

90cm x 20cm plant rectangularity more moisture was utilized 

from deeper layers (60-90cm soil depth) . 

From the humid tropics of Nigeria, Hulugalle and Lal 

(1986) reported that water use efficiency (WUE) in a maize

cowpea intercrop was higher than in sole crops when soil 

water was not limiting ,: however, WUE in the intercrop was 

lower compared to the sole maize under drought condit.ions. 

Under favorable moisture regimes, WUE (kg grain per mm 

water per ha) of the intercrop (alternate row arrangement) 

was 3.6 compared to 2.1 in both of the sole crops. Under 

drought conditions, WUE was 1.6 for the intercrop, 2.2 for 

the sole maize, and 0.5 for the sole cowpea. 

Crops differ in their abilities to extract nutrients 

from the soil, in the forms of nutrients they use and in 

the efficiency with which the nutrients are used (Govinden 

et al., 1984). These differences form the basis of spatial 

complementarity. In some areas of the semi-arid tropics, 

food crops are grown under such trees as Acacia albida. 

This tree loses its leaves at the beginning of the rainy 
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season, a distinct benefit to the crops planted beneath the 

trees (Poulsen, 1981). The mechanism is that the tree 

extracts nutrients from the deeper layers of the soil where 

they are usually out of reach of crops and returns them to 

the surface in leaf litter. Higher total nutrient uptake 

by intercrops of food crops than sole crops has been 

reported by several authors: for example, for nitrogen 

(Dalal, 1974), potassium {Hall, 1974a,b) , magnesium and 

calcium (Dalal, 1974). In some cases, this has been 

attributed to differences in rooting patterns (Fisher, 

1976). The reports suggest that the presence of a shallow

rooted component in a mixture can force the deeper-rooted 

component to forage for nutrients in even deeper soil 

horizons. 

Differences in the form of nutrients used by different 

components of a mixture can be exemplified by legume-non

legume (cereal) intercrops, with legumes using gaseous 

nitrogen and cereals using soil nitrogen. In the vast 

majority of experiments, there has been no evidence of the 

legume transferring any appreciable amount of nitrogen to 

the cereal during its period of active growth (Willey, 

1990). However, such transfer has been indicated in some 

instances (Agboola and Fayemi, 1972; Singh, 1977; Wein and 

Nangju, 1976). 

The ability of an intercrop to make more efficient use 
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of soluble and nonsoluble nutrients than sole crops will 

depend upon the extent of root growth of component crops, 

soil water levels, and how completely the intercrop 

explores the entire soil maGS in the rooting zone (Francis, 

1989). Biological efficiency is likely to result when the 

intercrop either explores a larger soil mass or explores 

the same soil mass more completely, compared to sole 

plantings of the same crops. There is also a possibility 

of differences in time of peak demand for different 

nutrient elements by components in the mixture (Willey, 

1979a) . 

The major soil nutrients for which component crops 

compete in intercropping systems when in limited supply are 

nitrogen, phosphorus, and potassium (Ofori and stern, 

1987a). In India, a field experiment was conducted during 

two consecutive wet-seasons to study the concentration and 

uptake of nutrients by cotton (cultivar H-4) under 

different planting patterns, spacings and intercrops 

(Birajdar et al., 1987). The N content in cotton plants 

was not affected by planting pattern and spacing in the 

first season, while in the second season, wider spacing was 

associated with increased N content of plants at 90 days. 

Intercropping of pigeon pea and sorghum reduced the N 

content in cotton. The P content in cotton plants was not 

influenced by planting pattern, spacing and intercropping. 
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The leaf K content was increased due to normal planting and 

narrower row spacing, while K content in the stern was not 

influenced by different treatments. The uptake of N, P and 

K by cotton was poor in intercropping with sorghum and 

pigeon pea. Cotton intercropped with black gram exhibited 

an increased uptake of N by cotton in the second season 

(Birajdar et al., 1987). 

An experiment was conducted in India to analyze the 

effects of onion and greengram intercrops with cotton in 

alternate row systems on phosphorus release and its uptake 

by cotton (Shanmugham, 1988). The P content in cotton 

plants in sole crop and in the green gram/cotton intercrop 

was less than in the onion/cotton intercrop. It was 

concluded that the chelating character of organic compounds 

exuded by onion plants promoted the release of a greater 

amount of P in the soil and made it available to cotton 

plants. 

Nand P competition by intercropped cowpea and maize 

plants was studied in a series of experiments conducted at 

CATIE in Turrialba, Costa Rica by Chang and Shibles (1985). 

Cowpea was unable to derive all N from N2 fixation in 

mixtures. Strong competition for soil-N by the 

intercropped species was evident under low-N between 7 and 

9 weeks after sowing. The competition was diminished by N 

fertilizer application and was also reduced later in the 
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and Shibles, 1985). 

1.2.3. Component Crop Density 
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Overall intercrop densities and the relative 

proportions of component crops are important in determining 

intercrop yields and production efficiencies. For sole 

crops, the different aspects of plant population are well 

understood (Willey, 1979b). plant population is the number 

of plants per unit area, which determines the size of the 

area available to the individual plant. While this is 

relatively simple for a sole crop, it becomes complex in an 

intercrop situation where, with regard to plant number, 

both total population (all components) and component 

population have to be distinguished (Steiner, 1982). 

According to Willey and Osiru (1972), the main problem in 

terms of plant population pressure on resources is that a 

single plant of one crop is seldom directly comparable to a 

single plant of another crop. Willey (1979b) proposes to 

overcome this difficulty by regarding optimum plant 

populations of sole crops as comparable to intercrop 

component populations. If optimum sole crop populations 

are taken as 100, component populations can then be 

expressed on a single relative basis, for example a simple 
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intercrop treatment having half the sole crop optimum of 

each of the two components is expressed as a 50:50 

component population. 
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From some experiments, the optimum total population of 

intercrops may be higher than that of either sole crop 

(Steiner, 1982). The optimum population density can be 

increased relative to sole crops in all intercropping 

systems where the interference between neighbouring plants 

is less than in sole crops, i.e., where intercrop 

competition is less than intracrop competition. This has 

been shown by Mutsaers (1978), Baker (1979) and IPA (1981). 

Component populations mainly determine how much of the 

final yield is contributed by each crop. It is, however, 

impossible to predict yields for changing component 

populations, because there is not enough precise 

information known about the competitive abilities of crops 

and the factors affecting them (Willey, 1979b). 

Competitive ability is not a constant and quantifiable 

function of a given crop, but depends on the actual 

population situation. All component crops become 

relatively more competitive if they form a larger 

proportion of the total population, and dominant crops 

become even more dominant when the total population 

increases (Willey and Osiru, 1972; Willey, 1979b). When 

the components are present in approximately equal numbers, 
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productivity and efficiency appear to be determined by the 

more aggressive crop, usually the cereal (Willey and Osiru, 

1972) . 

Bezerra Neto et al. (1991), working in Northeast 

Brazil, reported that the best efficiency of annual cotton/ 

cowpea associations was obtained in the population of 

50,000 cotton plants per hectare and 40,000 cowpea plants 

per hectare. In this system, cotton yielded 70% of sole 

crop yield with a land equivalent ratio of 1.36. 

Beltrao et al. (1984b) studying the competitive effect 

of cowpea in an annual cotton/cowpea intercropping system 

in alternate row in Northeast Brazil, reported that cowpea 

reduced cotton yield about 8%, and when the population of 

cotton was decreased from 50,000 plants/ha to 25,000 

plants/ha, cotton yield was reduced 30%. They concluded 

that the presence of a legume like cowpea should increase 

monetary returns and reduce the competition on cotton in 

the intercrop relative to the cotton sole crop. 

1.2.4. Component Crop Spatial Arrangement 

The yield advantage of intercropping can be increased 

by varying the spatial arrangement of the component crops. 

Spatial arrangement is the pattern of distribution of 

plants over the ground, which determines the shape of the 
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area available to the individual plant (Willey, 1979b). 

The proximity of species in intercropping systems is 

important because it affects the degree of intra- and 

interspecific competition. Interspecific competition is 

greater when plants are intimately arranged than when there 

is less contact between the species. 

The efficiency with which solar radiation is utilized 

by the component crops depends strongly on the planting 

pattern (Steiner, 1982). Grouping rows of crops with 

diverse heights could be advantageous as more solar 

radiation would be available to the shorter crop (Waghmare 

et al., 1982). According to Ofori and Stern (1987a), row 

arrangements, in contrast to arrangements of component 

crops within rows, improve the amount of light transmitted 

to the lower crop canopy. Such arrangements can enhance, 

for example, legume yields and efficiency in cereal-legume 

intercrop systems (Mohta and De, 1980). 

Bezerra Neto et al. (1991), working with annual 

cotton{C)/cowpea{L) and annual cotton/sorghum{S) in two 

different spatial arrangements, 2C:1C or 1S and 1C:1L or 

1S, reported that annual cotton yielded more in a 2:1 row 

arrangement than in a 1:1 row arrangement. The same 

authors working with a triple association of annual 

cotton/cowpea/sorghum in 1C:1L:1C:1S and 2C:1L:2C:1S row 

arrangements, found the highest land equivalent ratio {best 
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biological efficiency) in the 1C:1L:1C:1S arrangement. 

Beltrao et al. (1986a), studying the spatial 

configuration of annual cotton/sorghum intercrops in 

Northeast Brazil, reported that the system with a double 

row of cotton (0.75 x 0.20m spacing) and one row of grain 

sorghum planted in a row 1m apart from the cotton was the 

most efficient, having a land utilization index of 1.16, a 

cost benefit ratio of 2.39, and a 10.39 Cr$ increase in net 

profit. 

Kumar et al. (1987), studying cotton/maize 

intercropping in Nigeria, reported that dry matter 

production was enhanced when cotton was intersown with 

maize in double rows as compared with single rows. 

Morgado and Rao (1985), reviewing cotton intercropping 

in Northeast Brazil, claimed that the proportion of annual 

cotton in a cotton/maize intercropping system should be 

high, because of the competitive effect of maize. In sites 

where even proportions of these crops are used, Faria et 

al. (1980) recommended the use of strip intercropping with 

four rows of each component crop. 

Another aspect of plant arrangement that may be of 

importance is the direction of rows (north-south or east

west orientation). According to Donald (1963), yields are 

generally greater with north-south rows than with east-west 

rows. He also claimed that this is likely due to 
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differences in the light regimes, with superior lighting in 

north-south rows, as compared with the poor lighting on the 

north side of east-west rows (for northern latitudes; south 

of the Equator the situation will be reversed) . 

1.3. Indices for Evaluating Productivity and Efficiency 

of Intercropping 

Several indices, such as the relative crowding 

coefficient (de Wit, 1960), competition index (Donald, 

1963), relative yield total (de Wit and van den Bergh, 

1965), aggressivity (McGilchrist, 1965), relative 

replacement rate (van den Bergh, 1968), reciprocity 

(McGilchrist and Trenbath, 1971), land equivalent ratio 

(Willey and Osiru, 1972) and competitive ratio (Willey and 

Rao, 1980), have been developed for evaluating competition, 

productivity and efficiency of intercropping systems 

(Steiner, 1982; Beltrao et al. 1984b; Willey, 1985). These 

include comparisons of absolute yields, relative yields, 

combined yields, protein yields, caloric equivalents, and 

in economic terms, gross returns, net returns and rate of 

return, from intercrops and sole crops. In spite of the 

number of index approaches that have been proposed, the 

land equivalent ratio remains the index most frequently 

used by active researchers in the area of multiple 
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cropping. It is a relatively simple concept and, when 

appropriately calculated, gives a measure of biological and 

physical efficiency of the intercropping system. 

1.3.1. Land Equivalent Ratio (LER) 

The land equivalent ratio (LER) is defined as the 

relative land area required by the respective sale crops to 

produce the same yield as in intercrop. It is also useful 

as a competitive index between species in intercrop 

treatments. Although based on land areas, LER also 

reflects relative yields; i.e., the LER can be taken as a 

measure of relative yield advantage (Steiner, 1982). The 

ratio is calculated in the following way: 

where Ya ... Yn, are the yields of crops a ... n when 

intercropped, Sa Sn are corresponding yields from sole 

crops and La ... Ln are the partial LERs for the individual 

crops. An LER > 1.0 shows that the respective sole crops 

used more land than the intercrop to provide equal 

quantities of the various products. The implication is 

that the magnitude of LER quantifies the increase in 
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biological efficiency achieved by interplanting. For 

example, an LER of 1.30 indicates a yield advantage of the 

intercrop over the sole crops of 30%, i.e., sole crops 

would require 30% more land to achieve the yield obtained 

by the intercrop. An LER < 1.0 signals a yield 

disadvantage. The LER term is usually applied to combined 

intercrop yields but can equally be applied to the 

intercrop yield of each component crop (La + Lb = LER) 

In general, LER has several advantages. First, LER 

can be used either as an index of biological efficiency to 

evaluate the effects of various agronomic variables (e.g., 

fertility level, density and spacing, cultivar, relative 

time of sowing, and crop combinations) on an intercrop 

system in a locality or as an index of productivity to 

compare a variety of intercrop systems across 0~ngraphical 

locations (Chetty and Reddy, 1984; Ranganathan et al., 

1991). Second, LER provides a standardized basis relative 

to sole crops, so that crop yields can be added to form 

combined yields (Mead and Willey, 1980). Third, partial 

LER values give an indication of the relative competitive 

abilities of the components of intercropping systems 

(Willey, 1979a). In the intercropping mixture, the species 

with higher partial LER is considered to be more 

competitive for growth-limiting factors than the species 

with lower partial LER (Willey, 1979a). Partial LER is 
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more applicable to intercropping experiments than the 

relative crowding coefficient used in measuring competitive 

ability in competition studies (de Wit, 1960; Hall, 

1974a,b). Fourth, the LER can be taken as a measure of the 

relative yield advantage. 

It is usually assumed that the level of management 

must be the same for the intercrop and sole crops. Thus, 

whatever their type or level of yield, different crops are 

placed on a relative and directly comparable basis 

(Steiner, 1982). Ofori and Stern (1987a) concluded that 

LER is the most appropriate general function to determine 

the efficiency of cereal-legume intercrop systems, and 

could be applied to any form of intercropping. 

For the LER to be interpreted as the efficiency of 

land use, the sole crop yields, Sa and Sb' must represent 

some well-defined, achievable, optimal yields. It is, 

therefore, necessary that the sole crop yield used in the 

calculation of the LER be clearly defined and justified as 

appropriate to the objective that the LER is intended to 

achieve (Mead, 1986). 

Willey (1979a), considering the importance and 

research needs for intercropping with respect to 

competition and yield advantages, concluded that if a 

single index were required to express yield advantage, the 

LER was generally the most useful. Most of the indices 
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developed to measure the advantage of intercropping can 

only be applied to replacement series experiments. The 

LER, however, is more versatile as it can be applied to any 

intercropping situation and not just replacement series 

experiments. Even in replacement series experiments, the 

LER is more advantageous to use for the following reasons: 

(1) LER values show which combinations do or do not give a 

full advantage in land use; the aggressivity values are not 

able to do this, and (2) LER values indicate the actual 

magnitude of any yield advantage, while the crowding 

coefficient does not. 

1.4. Statistical Analysis of Intercropping Systems 

Techniques and procedures of experimentation and 

statistical analysis are well-developed for sole cropping 

experiments, but not for intercropping experiments 

(Wijesinha et al., 1982; Austin and Marais, 1987). In 

intercropping systems, there are many items of interest in 

a single experiment involving yields from more than one 

crop, and it is often difficult or impossible to identify a 

single criterion on which to base a statistical analysis, 

an evaluation, or an interpretation. Statistical analyses 

can be performed on the yields of individual crops, or on 

some function of the combined yields. To date, published 
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literature focuses on the former (Wijesinha et al., 1982). 

The simplest and most frequent type of statistical 

evaluation is the analysis of variance. The limitations of 

analysis of variance methods relate to assumptions about 

uniformity of variance among treatments and normal 

distribution of observations on those treatments. 

According to Mead (1986), the researcher's judgement is 

critical in deciding whether these assumptions are met in a 

given trial. He presented valuable guidelines for the 

design of experiments and treatments and for the 

presentation of results on main effects and interactions 

from these trials. 

Another statistical method that has been used in the 

evaluation of intercropping yields is bivariate analysis. 

Use of a single bivariate analysis for the yields, Ya and 

Yb , of two crops was proposed by Pearce and Gilliver (1978, 

1979). This is a joint analysis of the pairs of yields for 

two crops intercropped on a set of experimental plots. The 

philosophy is that because two yields are measured for each 

plot and the yields will be interrelated, they should be 

analyzed together. The interrelationship is important 

since it implies that conclusions drawn independently from 

two separate analyses of the two sets of yields may be 

misleading. There are two major causes of interdependence 

of yields of two crops grown on the same plot (Mead, 1986). 
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If competition between the two crops is intense, then it 

might be expected that on those plots where crop a performs 

unusually well, crop h will perform unusually badly and 

vice versa. This would lead to a negative background 

correlation between the two crop yields, apart from any 

pattern of joint variation caused by the applied 

treatments. Failure to take this negative correlation into 

account could lead to high standard errors of means for 

each crop analyzed separately, which could mask real 

differences between treatments (Mead, 1986). 

A fundamental assumption of the bivariate method is 

that the correlation between the yields for the two crops 

is constant for all treatments. This assumption is 

difficult to check because replications for each treatment 

are usually few. To obtain as much information as possible 

about the results of an intercropping experiment, it seems 

sensible to use both the LER and the bivariate methods 

(Mead and Riley, 1982). 

The value of bivariate analysis for intercropping 

cannot be properly assessed until research workers have 

used the methods extensively. One problem with the use of 

bivariate analysis, which is not yet solved, occurs when 

there are several levels of error variation as in a split 

plot design. The estimated correlations for the different 

levels of error will be different, and can be substantially 



different (Mead, 1986). This would lead to different 

degrees of skewness of the axes for different levels of 

treatment comparison. Another difficulty is that 

comparisons between sole and intercrop yields are not 

easily made (Mead and Riley, 1982). 
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Since summarizing data from intercropping experiments 

involves a linear combination of crop yields, it would 

appear at first glance that multivariate analyses would be 

ideally suited for this situation (Federer and Murty, 1987; 

Federer, 1989). Linear combinations of economic values, 

total calories, total protein contents, and land 

utilization of crops, for example, may have considerable 

utility. From multivariate analyses, canonical variables 

based upon the criterion of maximum discriminating ability 

can be obtained when all crops are present in a mixture. 

For v crops taken k at a time, such canonical variables are 

not obtainable using presently available theory. Even if 

they were, it is not certain that they would have any 

general utility for interpretational purpose (Federer and 

Murty, 1987). Areas of further research in multivariate 

analysis are discussed in detail in the paper by these 

authors. 

Two problems can arise in the use of LER to compare 

different intercropping systems if this ratio is not 

adequately calculated. The first problem is that the 



57 

magnitude of the LER values will depend on both the 

intercrop and sole crop yields. The dependence on the 

success or failure of the sole crop makes the LER reliable 

or unreliable for comparing intercrop mixtures (Mead and 

Riley, 1982). However, if Sa and Sb are regarded as 

standardizing factors (i.e., constants for a given 

experiment), the comparisons between different mixtures 

only involve the mixture yields. Mead and Willey (1980) 

suggested that it is best to define Sa and Sb as the 

average of the sole crop yields over the whole experiment. 

The second problem with LER has to do with its 

distributional properties. The distribution of LER, which 

is the sum of two (or more) ratios, can be very 

complicated. The different methods of standardization used 

in calculating LER also affect its distributional 

properties (Thattil, 1985). 

Several ways have been attempted for calculating LER 

using different sole crop values as standardization 

factors. These include using the average sole crop yields 

in each block or replication (Fisher, 1977), using the 

average sole crop yields in the entire experiment (Mead and 

Stern, 1980; Oyejola and Mead 1982; Federer and Schwager, 

1983), using the average sole crop yield at each treatment 

level in studies that involve graded levels of a factor 

such as fertilizer or herbicide (Mead and Willey, 1980), 
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and using the yield of the best sale crop treatment of each 

crop (Huxley and Maingu, 1978; Mead and Willey, 1980). The 

method used will depend upon the aim of the experiment 

(Ofori and Stern, 1987a). It has been suggested that in 

density studies of cereal-legume intercrop systems, the 

sale crop yields used as standardization factors for 

estimating LER should be at the optimum densities of the 

crops (IRRI, 1975; Huxley and Maingu, 1978). This avoids 

the confounding of beneficial interactions between 

components with a response to change in density (Trenbath, 

1976) . 

Oyejola and Mead (1982) attempted to assess the 

advantages and disadvantages of using different methods of 

analysis. Six different ways of calculating LER were 

assessed following their use in analysis of variance. The 

six methods were: Interblock - (1) average of all sale crop 

yields from all blocks, (2) average of the particular sale 

crop yields from all blocks, (3) average of the best sale 

crop yields from all blocks, and Intrablock - (4) average 

of all sale crop yields in each block, (5) the particular 

sale crop yield in each block, and (6) the best sale crop 

yield in each block. They used the following criteria in 

their assessment: (1) normality of residuals of LER values 

after fitting block and treatment effects, (2) precision of 

comparisons arising from the analysis of variance, and (3) 
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possible bias in the means. They concluded that there was 

more evidence of non-normality for the second (the average 

of the particular sole crop yields from all blocks) and 

fifth (the particular sole crop yield in each block) 

methods of calculation where different divisors are used 

for each intercrop. They also concluded that over all 

experiments when LER was considered, any of the other four 

methods of standardization gave acceptably normal 

distributions. With respect to the component LER, any of 

the methods of standardization showed very good agreement 

with normal distributions. 

According to Mead (1986), based upon the papers by 

Oyejola and Mead (1982) and Oyejola (1983), the comparison 

of LER values within an analysis of variance is generally 

valid, provided that constant divisors are used, and with 

the usual caveat that the assumptions for the analysis of 

variance for any data should always be checked by 

examination of the data before, during and after the 

analysis. 

Francis (1990) reported that there have been studies 

of the distributions of LER that conclude that these 

indices can be analyzed using standard techniques if the 

divisors (sole crop yields) are kept constant. According 

to Oyejola (1989), the power family of transformations may 

be suitable for the LER values to be used in analysis of 
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variance tests. When LER values do not satisfy the 

assumptions of analysis of variance tests, the square root 

transformation may also be suitable. 

The following examples show different situations that 

are possible and the appropriate standardization for each 

situation (Thattil, 1985). (1) In intercropping 

experiments involving different plant densities, Huxley and 

Maingu (1978) state that all intercrop yields should be 

compared with the sole crops grown at the sole crop optimum 

densities. The optimum density for intercropped component 

crops can, however, be different from the optimum density 

for sole crops. In such situations, one can use either the 

average or maximum sole crop yields over the entire 

experiment as standardization factors. (2) In 

intercropping experiments involving fertilizer levels as 

treatments, intercropping yields should be compared with 

.the sole crops at the optimum fertilizer levels. In such 

cases, the average or maximum sole crop yields at the 

optimum fertilizer level can be used as standardization 

factors for all mixture plot yields. However, in most 

developing countries, fertilizer is not constantly 

available to the farmers and they would like to know the 

relative advantages of intercropping over sole cropping at 

different fertilizer levels. In this situation 

standardization of intercrop yields at a particular 



If ______ .. 

61 

fertilizer level should be done using sole crop values at 

the same fertilizer level (Thattil, 1985). (3) Experiments 

with different varietal combinations of two crops present 

another situation where different divisors have be used. 

If the goal is to determine the highest yielding intercrop 

combination, the intercrop yield should be compared with 

the highest yielding variety of each crop (Mead and Riley, 

1982). However, to determine the relative biological 

efficiency of a combination, the comparison should be with 

the sole crop varieties making up that particular 

combination. 
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CHAPTER 2 

2. EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY 

ON AN ANNUAL COTTON/COWPEA/MAIZE INTERCROP. 

I. AGRONOMIC EFFICIENCY 

2.1. INTRODUCTION 

62 

Intercropping is the traditional means of producing 

fiber and food in tropical regions, where small farms and 

labor-intensive operations predominate (Steiner, 1982; 

Gomez and Gomez, 1983; Francis, 1990; Bezerra Neto et al., 

1991). For example, intercropping annual cotton with food 

crops, such as cowpea and maize, is a preferred practice of 

small farmers in the semiarid tropics of Northeast Brazil 

(Barreiro Neto et al., 1981; Zaffaroni and Azevedo, 1982; 

Morgado and Rao, 1985; Beltrao et al., 1986b). Among other 

potential benefits, intercropping appears to maximize land 

use and minimize the risk of losing the entire crop yield 

(Mercado, 1987). 

The productivity and efficiency of intercrops can be 

influenced by factors such as the spatial arrangement and 

densities of the component crops (Willey and Osiru, 1972; 

Willey, 1979a; Rao, 1986; Ofori and Stern, 1987a,b; 
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Natarajan, 1990). Bezerra Neto et al. (1991) studied the 

effects of spatial arrangement and cowpea density on the 

efficiency of an annual cotton/cowpea intercrop in 

Northeast Brazil, and reported that the land equivalent 

ratio was highest for the intercrop in which double cotton 

rows alternated with single cowpea rows, with cowpea having 

a density of 40,000 plants/ha. Beltrao et al. (1986a) 

studied the effects of spatial arrangement on an annual 

cotton/sorghum intercrop in Northeast Brazil, and concluded 

that a row arrangement of 2 cotton : 1 sorghum, with a 1 m 

spacing between cotton and sorghum rows, was the most 

efficient in terms of land use. Beltrao et al. (1984b), in 

studying the competitive effect of cowpea in an annual 

cotton/cowpea intercropping system in alternate rows in 

Northeast Brazil, reported that cowpea reduced cotton yield 

about 8%, and when the population of cotton was decreased 

from 50,000 plants/ha to 25,000 plants/ha, cotton yield was 

reduced 30%. They concluded that the presence of a legume 

like cowpea should increase monetary returns and reduce 

competition on the cotton crop relative to cotton sole 

crop. Morgado and Rao (1985), reviewing cotton 

intercropping in Northeast Brazil, claimed that the 

proportion of annual cotton in a cotton/maize intercropping 

system should be high because of the competitive effect of 

maize. 
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The objective of the present research was to analyze 

the effects of spatial arrangement and density on the 

productivity and efficiency of an annual cotton/cowpea/ 

maize intercrop. Intercrop productivity and efficiency 

were assessed in terms of the land equivalent ratio (LER) , 

with the component crop performances being evaluated in 

terms of partial LER and proportional LER. 

2.2. MATERIALS AND METHODS 

Two experiments were conducted at the West Campus 

Agricultural Center of the University of Arizona in Tucson, 

Arizona, USA (110° 57' W longitude, 32° 15' N latitude, and 

726 m elevation). Both experiments were established in a 

Comoro sandy loam soil. A chemical and physical soil 

analysis of a composite of 7 samples, taken before sowing, 

at two depths (0-20cm and 20-40cm) was performed for each 

experiment. Soil test values for the 0-20cm and 20-40cm 

depths were similar, with mean values for the two 

experiments being shown in Table 1. Daily rainfall and 

maximum and minimum air temperatures during the cropping 

season, measured in a weather station adjacent (about 40 m) 

to the experimental plots, are shown in Figure 1. The 

annual cotton (Gossypium hirsutum L.), cowpea (Vigna 

unguiculata (L.) Walp) and maize (Zea mays L.) cultivars 



TABLE 1. Soil test values for Experiments I and II. 

Particle Size 
Distribution 

Sand (%') 
Silt (%') 
Clay (%') 
pH 

* 

Organic Matter (%') 
Total carbon (%) 
Total N (%') 
Total P (%') 
Total K (%') 
Cation Exchange (meq/100g) 

I 

47.00 
34.30 
18.70 

7.96 
1. 76 
0.90 
0.11 
0.12 
0.78 

20.00 

Experiment 
II 

45.00 
33.00 
22.00 

8.20 
1.11 
0.56 
0.11 
0.05 
0.51 

12.80 

* Soil tests made by Soil Lab of the University of Arizona. 
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FIGURE 1. Daily rainfall and maximum and minimum air temperatures 
In Experiments I and II. 
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were Deltapine 20 (short season cultivar, bushy, smooth 

leaf, and good vigor), CB 46 (short season cultivar, erect, 

bushy, and white seed) and Pioneer Hybrid 3183 SX (normal 

season cultivar, mid-tall, flaccid horizontal leaf, adapted 

to high density and drought tolerance), respectively. 

Experiment I 

Experiment I analyzed the main and interactive effects 

of spatial arrangement and cowpea/maize density on 

productivity and efficiency of an annual cotton/cowpea/ 

maize intercrop, in terms of biomass and yield. An 

additive intercropping design was used. Additive 

intercrops are mixtures of two or more crops that are 

formed by any combination of two or more densities of the 

respective component crops, in which the total density 

might be higher than that of sole crops. The experimental 

design was a randomized complete block with 16 treatments 

and three replications. Treatments were combined in an 

unconfounded 4 x 4 factorial design. The 4 x 4 factorial 

consisted of: (a) four spatial arrangements of cotton, 

cowpea and maize, namely: (1) single rows of cowpea and 

maize between single rows of cotton; (2) double rows of 

cowpea and maize between double rows of cotton; (3) single 

rows of cowpea-maize in the same row between single rows of 
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cotton; and (4) double rows of cowpea-maize in the same row 

between double rows of cotton (Figure 2); and (b) four 

cowpea/maize densities, having equal cowpea and maize 

densities with their total density being 20,000, 30,000, 

40,000, and 50,000 plants/ha. The cotton density was held 

constant at 50,000 plants/ha. Additionally, plots with 

cotton, cowpea and maize in sale crops were planted in 

their optimum densities (50,000, 40,000, and 40,000 

plants/ha for cotton, cowpea, and maize, respectively) and 

spacings in each block. The spacing between crop rows was 

1 m. The spacing between holes within rows of cotton was 

0.20 m. Within rows of cowpea and maize in each spatial 

arrangement, the spacing between holes varied with density; 

it was 0.50 m, 0.33 m, 0.25 m and 0.20 m for densities of 

20,000, 30,000, 40,000 and 50,000 plants/ha, respectively. 

In cowpea and maize sale crops, the spacing between holes 

was 0.50 m. In all treatments, the crops had two 

plants/hole, except cotton in sale crop with one 

plant/hole. Total and harvested plot sizes were 50 m2 and 

24 m2 , respectively, and the area occupied by cotton, 

cowpea and maize in each plot was 50%, 25% and 25%, 

respectively. 

All treatments in Experiment I were planted on 2 July 

1990. This planting date is ideal for cowpea and maize and 

late for cotton. At planting, a base fertilization of 44.8 
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(*) Cotton (x) Cowpea (0) Maize 

Arrangement 1 Arrangement 2 

SR cowpea & maize DR cowpea & maize 
between SR cotton between DR cotton 

* x * 0 * x * * x 0 * * 
* x * 0 * x * * x 0 * * 
* x * 0 * x * * x 0 * * 
* x * 0 * x * * x 0 * * 

Arrangement 3 Arrangement 4 

SR cowpea-maize DR cowpea-maize 
between SR cotton between DR Cotton 

* x * x * x * * x x * * 
* 0 * 0 * 0 * * 0 0 * * 
* x * x * x * * x x * * 
* 0 * 0 * 0 * * 0 0 * * 

- SR and DR mean single rows and double rows, respectively. 

FIGURE 2. Spatial arrangements sketch for Experiment I. 



70 

kg/ha of Nand 56 kg/ha of P20S was applied to all plots. 

Sowing was done by hand in dry soil and followed by a post

sowing irrigation with enough water to reach field 

capacity. Three weeks later, all treatments were thinned 

to the desired population. The experiment received 

supplemental furrow-irrigations sufficient to fill the soil 

to field capacity on 1 Aug, 10 Aug, 28 Aug, 1 Oct, 11 Oct, 

21 Oct, and 3 Nov 1990. The experiment was weeded by hand 

and sprayed whenever needed, maintaining it free of insects 

and diseases. 

Biomass and yield of each crop were measured in each 

treatment. For cotton, the above ground biomass 

(vegetative and reproductive material) of ten plants was 

taken 120 days after sowing, five in each row of the 

harvested plot. The plants were cut at ground level, 

placed in large plastic bags, brought back to the 

laboratory, and oven-dried at 70 C until a constant weight 

was obtained. Dry weights were determined and the amount 

of biomass was calculated in t/ha. Cotton plots (with 60 

plants) were picked four times on 9-12 Nov, 20-23 Nov, 6-8 

Dec, and 19-20 Dec 1990, and seed cotton yield measured in 

t/ha. 

For cowpea, six plants (three from each row) were 

harvested for biomass determination 86 days after sowing. 

The procedure for drying and weighing the plants was the 
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same as described for cotton. Two pickings were done on 21 

and 27 September 1990 (for 12, 18, 24, and 30 plants of 

cowpea in the cowpea/maize densities of 20,000, 30,000, 

40,000, and 50,000 plants/ha), with seed yield (t/ha) being 

measured after oven-drying to a constant weight and 

correction to 13% moisture. 

For maize, six plants (three in each row) were 

harvested for biomass determination 120 days after sowing. 

Maize was also harvested for yield determination about 120 

days after sowing (for 12, 18, 24, and 30 plants of maize 

in the cowpea/maize densities of 20,000, 30,000, 40,000, 

and 50,000 plants/ha), with seed yield (t/ha) being 

measured after oven-drying to a constant weight and 

correction to 14% moisture. 

Intercrop productivity and efficiency were assessed in 

terms of LER, where: LER = E Yn/Sn = La + ... + Ln' Yn is 

the intercrop yield, Sn is the yield of the sole crop and 

La ... Ln the LERs for individual crops (partial LERs). In 

addition to partial LER (Ln) , component crop performances 

were assessed in terms of proportional LER (A), where: A = 

Ln/LER. LER, partial LER, and proportional LER were 

calculated for both biomass and yield. For the 

calculations, sole crop biomass and yield were standardized 

either by block (BB) or averaged across blocks (AB). 

The effects of the treatment factors on LER and 
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proportional LER were assessed with univariate analyses of 

variance (Oyejola and Mead, 1982; Oyejola, 1989). With 

respect to the assumptions of the analyses, the data were 

checked for: (1) the normality of residuals with residual 

plots and K-S test through SPSS Package (Norusis, 1990); 

(2) the homogeneity of variances with the Bartlett-Box F 

test and Cochran's C test through SPSS Package (Norusis, 

1990); and (3) the comparison precision with the 

coefficient of variation (Oyejola and Mead, 1982; Oyejola, 

1989). The effects of spatial arrangement were further 

assessed by pairwise multiple comparisons based on Duncan's 

new multiple range test (Gomes, 1987). The effects of 

cowpea/maize density were further assessed by a least 

squares curve-fitting procedure through Table Curve Package 

(Jandel Scientific, 1991). Three criteria were used to 

select the best fitting: 1) R2, the adjusted coefficient of 

determination; 2) significant F-statistic of R2, and 3) 

significant parameters in the equation, tested by t test. 

R2 measures the proportion of total variance on the 

dependent variable that is accounted for by the set of 

predictors. The F-statistic is a measure of the extent to 

which the given equation represents the data. If an 

additional parameter makes a statistically significant 

contribution to a model, the F-statistic increases. 

Otherwise, a decrease occurs. The higher the F-statistic, 
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the more efficiently a given equation models the data. 

Expected and actual values of partial LER for each 

crop were compared with t-tests (Jagannath and Sunderaraj, 

1987) . 

Experiment II 

Experiment II analyzed the main and interactive 

effects of cotton density and cowpea/maize density on 

productivity and efficiency of an annual cotton/cowpea/ 

maize intercrop, in terms of biomass and yield, in an 

additive intercropping design. The experimental design was 

a randomized complete block with 11 treatments and three 

replications. Treatments were combined in an 

unconfounded 5 x 2 + 1 factorial design. The 5 x 2 + 1 

factorial design consisted of: (a) five cotton densities 

(25,000, 32,500, 50,000, 62,500, and 75,000 plants/ha), (b) 

two cowpea/maize densities (30,000 and 50,000 plants/ha), 

selected from Experiment I in their best spatial 

arrangement, and (c) an additional treatment (best 

intercrop from Experiment I, with 50,000 plants/ha of 

cotton intercropped with 50,000 plants/ha of cowpea and 

maize). Cotton, cowpea, and maize were also planted as 

sale crops in each block. The spacing between rows was 1 

m. Within rows of cotton, the spacing between holes varied 
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with density; it was 0.20 m, 0.13 m, 0.10 m, 0.08 m and 

0.066 m for densities of 25,000, 37,500, 50,000, 62,500, 

and 75,000 plants/ha, respectively. Within rows of cowpea 

and maize, the spacing between holes was the same as 

described in Experiment I. 

maize had two plants/hole. 

In all treatments, cowpea and 

Cotton had one plant/hole in 

all treatments except for the best intercrop from 

Experiment I, in which cotton had two plants/hole. Total 

and harvested plot sizes were the same as in Experiment I. 

All treatments in Experiment II were planted on 23 

April 1991. This planting date is ideal for cotton and 

early for cowpea and maize. At planting, a base 

fertilization of 44.8 kg/ha of Nand 56 kg/ha of P20S was 

applied to all plots. Sowing was done by hand in dry soil, 

which received a post-sowing irrigation to fill soil to 

field capacity. Three weeks later, all treatments were 

thinned to the desired population. The experiment received 

supplemental furrow-irrigations sufficient to fill the soil 

to field capacity on 6 May, 13 May, 20 May, 27 May, 3 Jun, 

10 Jun, 17 Jun, 24 Jun, 1 Jul, 8 Jul, 19 Jul, 26 Jul, 8 

Aug, and 15 Aug 1991. Management for weed, insect and 

disease was similar to that in Experiment I. 

The 86 day cowpea and 120 day maize were harvested on 

18 July and 22 August 1991, respectively. Cotton plots 

were picked four times on 25-28 Aug, 4-7 Sep, 19-22 Sep, 
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and 1-2 Oct 1991. Biomass and yield of each crop were 

measured in each treatment following the procedures 

described in Experiment I. 

75 

Intercrop productivity and efficiency were assessed in 

terms of LER, partial LER, and proportional LER. The 

equations denoting these concepts are described in 

Experiment I. For the calculations, sole crop biomass and 

yield were standardized either by blocks (BB) or averaged 

across blocks (AB). 

The effects of the treatment factors on LER and 

proportional LER were assessed with univariate analyses of 

variance. The procedure to check the assumptions of the 

analyses of variance is described in Experiment I. The 

effects of cotton density were further assessed by a least 

squares curve-fitting procedure through Table Curve Package 

(Jandel Scientific, 1991). The criteria used for selecting 

the best curve-fitting are described in Experiment I. The 

effects of cowpea/maize density selected from Experiment I 

were further assessed by t-test. The contrast between the 

additional treatment (treatment with 50,000 plants/ha of 

cotton with two plants/hole intercropped with 50,000 

plants/ha of cowpea and maize) and IIspecial treatmentll 

(treatment with 50,000 plants/ha of cotton with one 

plant/hole intercropped with 50,000 plants/ha of cowpea and 

maize) was also assessed by t-test. Expected and actual 



11-

values of partial LER for each crop were compared with t

tests (Jagannath and Sunderaraj, 1987). 

2.3. RESULTS 

LER and Proportional LER 

Experiment I 

76 

Spatial arrangement had a significant effect on LER 

for yield, and cowpea/maize density had significant effects 

on LER for biomass and yield (Table 2, Appendix). LER for 

yield was higher in the spatial arrangement of SR cowpea & 

maize between SR cotton than in the other spatial 

arrangements (Table 3). LER for biomass and yield 

increased with increasing cowpea/maize density (Figure 3) . 

Spatial arrangement had no significant effect on LER for 

biomass (Table 2, Appendix). 

Spatial arrangement had a significant effect on cotton 

proportional LER for biomass, and cowpea/maize density had 

significant effects on cotton proportional LER for biomass 

and yield (Table 4, Appendix). Cotton proportional LER for 

biomass was lowest in the spatial arrangement of SR cowpea

maize between SR cotton (Table 5). Cotton proportional LER 

for biomass and yield decreased with increasing cowpea/ 



TABLE 3. Land equivalent ratio (LER) as affected by spatial 
arrangement in Experiment I. 

Spatial 

Arrangement 

SR cowpea & maize 
betweem SR cotton 

DR cowpea & maize 
between DR cotton 

SR cowpea-maize 
between SR cotton 

DR cowpea-maize 
between DR cotton 

* 

Land Equivalent Ratio (LER) 

Yield 
BB AB 

1.12 a 1.12 a 

1.01 b 1. 01 b 

0.98 b 0.97 b 

0.99 b 0.98 b 

- Means within a column followed by the same letter do not 
differ significantly by Duncan test at 5% probability 
level. 

* SR and DR mean single rows and double rows, respectively. 

- BB and AB are forms of standardizing intercrop yield using 
the sole crop yield in each block and the average over 
blocks, respectively. 
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TABLE 5. Proportional LER as affected by spatial arrangement in Experiment I. 

Spatial 

Arrangement 

SR cowpea & maize 
between SR cotton 

DR cO~/pea & rna i ze 
between DR cotton 

SR cowpea-maize 
between SR cotton 

DR cowpea-maize 
between DR cotton 

* 

Proportlonal LER 

COl ION COWPEA MAIZE 

BlOmass BlOmass held Yle 10 

BB AB BB AB BB AB BB AB 

0.52 a 0.52 a 0.17 a 0.17 a 0.18 a 0.18 a 0.31 b 0.31 b 

0.51 a 0.52 a 0.16 a 0.17 a 0.18 a 0.18 a 0.32 b 0.32 b 

0.47 b 0.47 b 0.12 b 0.12 b 0.11 b 0.11 b 0.41 a 0.41 a 

0.51 a 0.51 a 0.09 b 0.10 b 0.10 b 0.10 b 0.40 a 0.39 a 

- Means within a column followed by the same letter do not differ significantly by Duncan 
test at 5% probability level. 

* SR and DR mean single rows and double rows. respectively. 

- BB and AB are forms of standardizing intercrop biomass or yield using the sole crop 
biomass or yield in each block and the average over blocks. respectively. 
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maize density (Figure 4). Spatial arrangement had no 

significant effect on cotton proportional LER for yield 

(Table 4, Appendix). 

80 

Spatial arrangement had significant effects on cowpea 

proportional LER for biomass and yield, and cowpea/maize 

density had a significant effect on cowpea proportional LER 

for yield (Table 4, Appendix). Cowpea proportional LER for 

biomass and yield was higher in the spatial arrangements of 

SR cowpea & maize between SR cotton and DR cowpea & maize 

between DR cotton than in the two other spatial 

arrangements (Table 5). Cowpea proportional LER for yield 

decreased with increasing cowpea/maize density (Figure 5). 

Cowpea/maize density had no significant effect on cowpea 

proportional LER for biomass (Table 4, Appendix). 

Spatial arrangement and cowpea/maize density had 

significant effects on maize proportional LER for yield 

(Table 4, Appendix). Maize proportional LER for yield was 

higher in the spatial arrangements of SR cowpea-maize 

between SR cotton and DR cowpea-maize between DR cotton 

than in the two other spatial arrangements (Table 5). 

Maize proportional LER for yield increased with increasing 

cowpea-maize density (Figure 6). A significant interaction 

between spatial arrangement and cowpea/maize density was 

observed on maize proportional LER for biomass (Table 4, 

Appendix). In the interaction partition, significant 
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differences were observed among the cowpea/maize densities 

only within the spatial arrangements of SR cowpea & maize 

between SR cotton and DR cowpea-maize between DR cotton 

(Figure 7). Maize proportional LER for biomass increased 

with increasing cowpea-maize density within these two 

spatial arrangements (Figure 7). 

For LER and proportional LER, the effects of the 

treatment factors were similar for the two forms of 

standardizing sole crop biomass and yield (Tables 3 and 5, 

and Figures 3, 4, 5, 6, and 7). 

Experiment II 

Cowpea/maize density had a significant effect on LER 

for biomass (Table 2, Appendix), with LER for biomass being 

higher at the higher cowpea/maize density. The mean LER 

values for cowpea/maize densities of 30,000 and 50,000 

plants/ha were 1.21 and 1.38, and 1.18 and 1.35 for (BB) 

and (AB) intercrop standardization methods, respectively. 

Cotton density had no significant effects on LER for 

biomass and yield, and cowpea/maize density had no 

significant effect on LER for yield (Table 2, Appendix). 

Cowpea/maize density had significant effects on cotton 

proportional LER for biomass and yield (Table 4, Appendix), 

with cotton proportional LER for biomass and yield being 
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higher at the lower cowpea/maize density. The mean 

proportional LER values for biomass for cowpea/maize 

densities of 30,000 and 50,000 plants/ha were 0.53 and 

0.43, and 0.53 and 0.46 for (BB) and (AB) methods, 

respectively. The mean proportional LER values for yield 

for cowpea/maize densities of 30,000 and 50,000 plants/ha 

were 0.43 and 0.36, and 0.43 and 0.36 for (BB) and (AB) 

methods, respectively. Cotton density had no significant 

effects on cotton proportional LER for biomass and yield 

(Table 4, Appendix). 

86 

Cotton density and cowpea/maize density had no 

significant effects on cowpea proportional LER for biomass 

and yield (Table 4, Appendix). 

Cotton density had a significant effect on maize 

proportional LER for yield, and cowpea/maize density had 

significant effects on maize proportional LER for biomass 

and yield (Table 4, Appendix). Maize proportional LER for 

yield was highest at intermediate cotton densities (Figure 

8). Maize proportional LER for biomass and yield was 

higher at the higher cowpea/maize density. The mean 

proportional LER values for biomass for cowpea/maize 

densities of 30,000 and 50,000 plants/ha were 0.23 and 

0.27, and 0.22 and 0.26 for (BB) and (AB) methods, 

respectively. The mean proportional LER values for yield 

for cowpea/maize densities of 30,000 and 50,000 plants/ha 
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were 0.34 and 0.40, and 0.34 and 0.41 for (BB) and (AB) 

methods, respectively. Cotton density had no significant 

effect on maize proportional LER for biomass (Table 4, 

Appendix) . 
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The mean LER value for biomass in the cowpea/maize 

density of 30,000 plants/ha differed significantly from the 

LER value for biomass in the additional treatment in both 

(BB) and (AB) methods (Figure 9). There were no 

significant differences in LER and proportional LER for 

biomass and yield between the additional treatment and the 

special treatment (Tables 2 and 4, Appendix, and Figures 9 

and 10) . 

As in Experiment I for LER and proportional LER, the 

effects of the treatment factors were similar for the two 

forms of standardizing sole crop biomass and yield (Figures 

8, 9, and 10) . 

Partial LER 

Experiment I 

Cotton partial LER for biomass was significantly 

higher than expected in the spatial arrangements of SR 

cowpea & maize between SR cotton and DR cowpea & maize 

between DR cotton, and at a cowpea/maize density of 20,000 
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plants/ha (Table 6). Maize partial LER for biomass and 

yield was significantly higher than expected in all spatial 

arrangements, and at cowpea/maize densities of 30,000, 

40,000, and 50,000 plants/ha (Table 6). In addition, maize 

partial LER for biomass was significantly higher than 

expected at a cowpea/maize density of 20,000 plants/ha 

(Table 6). No other partial LER values differed from 

expected (Table 6) . 

Experiment II 

Cotton partial LER for biomass was significantly 

higher than expected at all cotton densities except 25,000 

plants/ha, and at both cowpea/maize densities (Table 6). 

Cowpea partial LER for biomass was significantly higher 

than expected at cotton densities of 25,000, 37,500 and 

50,000 plants/ha, and at both cowpea/maize densities (Table 

6). Maize partial LER for biomass and yield was 

significantly higher than expected at all cotton densities 

and at both cowpea/maize densities (Table 6). No other 

partial LER values differed from expected (Table 6). 

2.4. DISCUSSION 

LER for yield was highest in the spatial arrangement 
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TA8LE 6. Expected and actual partial LER as affected by spatial arrangement. cowpea/maize 
density. and cotton densit, in Ex~eriments I and II standardized using sole crop 
biomass or yield in each bock (9 ). 

Partial LER 

Spatial 
Arrangement Cotton Cowpea Maize 

Cowpea/maize 
Density Cotton Cowpea Maize 

E 0.50 0.25 0.25 
Experiment I 

0.50 0.25 0.25 

SR cowpea & maize Y 0.54 0.20 0.38 ** 20,000 0.49 0.15 0.25 
between SR cotton B 0.64 ** 0.20 0.38 ** 0.70 ** 0.14 0.28 * 

DR cowpea & maize Y 0.45 0.18 0.37 ** 30,000 0.51 0.15 0.38 ** 
between DR cotton 8 0.59 * 0.19 0.37 ** 0.56 0.14 0.38 ** 

SR cowpea-maize Y 0.43 0.11 0.45 ** 40.000 0.46 0.15 0.46 ** 
between SR cotton 8 0.52 0.13 0.46 ** 0.55 0.17 0.44 ** 

DR cowpea-maize Y 0.46 0.09 0.44 ** 50.000 0.44 0.14 0.54 ** 
betweem DR cotton 8 0.57 0.11 0.44 ** 0.51 0.18 0.55 ** 

Cotton Cowpea/maize 
Density Density 

Experiment II 

25,000 y 0.45 0.27 0.46 ** 
9 0.53 0.36 * 0.33 * 

37,500 Y 0.50 0.30 0.38 ** 30,000 0.51 0.29 0.37 ** 
8 0.58 * 0.35 * 0.32 * 0.64 ** 0.30 * 0.28 * 

50.000 Y 0.49 0.28 0.51 ** 
8 0.65 ** 0.36 * 0.34 * 

62.500 Y 0.44 0.26. 0.45 ** 50,000 0.46 0.28 0.51 ** 
8 0.73 ** 0.31 0.30 * 0.62 ** 0.38 ** 0.38 * 

75,000 Y 0.53 0.29 0.40 ** 
B 0.67 ** 0.30 0.35 * 

- E. y, and 8, mean expected value, actual yield, and actual biomass. 

- * and **, significant difference between actual and expected value at P~0.05 and Pa O.01, 
respectively, by t test. 
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of single rows of cowpea and maize between single rows of 

cotton. This pattern presumably reflected the best spatial 

geometry of the crops with respect to minimizing 

interspecific competition for resources. This result is 

similar to that obtained by Bezerra Neto et al. (1991), who 

found that the LER for single rows of cowpea and sorghum 

between single rows of cotton was greater than for single 

rows of cowpea and sorghum between double rows of cotton. 

LER for biomass and yield increased with increasing 

cowpea/maize density. This result indicates that the 

efficiency of annual cotton/cowpea/maize intercrops is 

enhanced by higher densities of the food crops. According 

to steiner (1982), an increase in density in intercropping 

systems is most likely to cause increases in yield where 

there are large temporal differences in growth patterns of 

component crops. 

When comparing intercrop systems, users of LER 

recognize that the advantage of an intercrop scheme may 

comes from two different sources: (1) the land factor, or 

the area occupied by each crop, and (2) the biological/ 

agronomic factor, or the geometry of arrangement and 

densities of the component crops (Jagannath and Sunderaraj, 

1987). In the current study, the area occupied by each 

crop was the same in all intercrop treatments. Thus, any 

differences between two intercropping treatments resulted 



from differences in spatial arrangement and plant 

densities. 
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Cowpea proportional LER for biomass and yield was 

highest in spatial arrangements in which cowpea and maize 

were grown in separate rows, whereas maize proportional LER 

for biomass and yield was highest in spatial arrangements 

in which cowpea and maize were grown in the same rows. 

These patterns reflected the relative importance of 

intraspecific and interspecific competition between the two 

food crops. For cowpea, interspecific competition with 

maize reduced cowpea proportional LER more than 

intraspecific competition. For maize, in contrast, 

interspecific competition with cowpea reduced maize 

proportional LER less than intraspecific competition. 

These results reflected the relative stature of the two 

crops, with the taller maize crop competing more 

effectively for the light resource. 

Cotton and cowpea proportional LERs for yield 

decreased as cowpea/maize densities increased, whereas 

maize proportional LER for yield increased as cowpea/maize 

densities increased. These results indicated that maize 

was the dominant crop. These findings confirm in part 

postulations from Laca-Buendia et al. (1982) and Beltrao et 

al. (1980), who found that the replacement of part of the 

maize density by cowpea density in an annual cotton/maize 
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intercrop decreased the competitive effect of maize on 

cotton and increased the complementarity among crops. 
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Maize partial LER for yield was always higher than 

expected, whereas cotton and cowpea partial LERs for yield 

did not differ from expected. Maize partial LER for 

biomass was always higher than expected, and cotton and 

cowpea partial LERs were either higher than or not 

different from expected. These results indicate that maize 

provided a significantly greater contribution than cotton 

or cowpea to land use efficiency in terms of total biomass 

and yield. They also suggest that maize used environmental 

resources more effectively than cotton or cowpea. 

The performance of the additional treatment and 

special treatment, in terms of LER for biomass and yield, 

did not differ significantly. These results suggest that 

land utilization or yield advantage was consistently higher 

for the treatment of 50,000 plants/ha of cotton 

intercropped with 50,000 plants/ha of cowpea and maize in 

the spatial arrangement of single rows of cowpea and maize 

between single rows of cotton. 

With respect to the standardization of intercrop 

biomass or yield in intercropping, the effects of the 

treatment factors were similar for all parameters. 

Presumably, the lack of a difference was due to the small 

field variation among blocks. This result differs in part 
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from Mea.d (1990), who showed that the LER values within an 

analysis of variance are usually valid provided that a 

single set of divisors is used over the entire set of 

intercropping plot values. 



CHAPTER 3 

3, EFFECTS OF SPATIAL ARRANGEMENT AND DENSITY 

ON AN ANNUAL COTTON/COWPEA/MAIZE INTERCROP, 

II, BIOMASS, YIELD AND YIELD COMPONENTS 

3,1, INTRODUCTION 
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Intercropping of annual cotton with food crops is a 

production strategy used by small farmers in the developing 

tropics (Grimes, 1963; Kumar et aI" 1987; Natarajan and 

Naik, 1992; Beltrao et aI" 1980, 1984a; Morgado and Rao, 

1985; MandaI et al., 1987), Cowpea and maize, for example, 

are commonly intercropped with annual cotton in the semi

arid regions of Northeast Brazil (Barreiro Neto et aI" 

1981; Zaffaroni and Azevedo, 1982; Morgado and Rao, 1985; 

Beltrao et aI" 1986b), Yield advantages from 

intercropping may derive from more effective spatial and 

temporal use of resources, The advantage may occur when 

the component crops have different canopy structures or 

rooting patterns, or when they place major demands on 

resources at different times during the growing season 

(Harris et aI" 1987; Willey, 1990; Ramakrishna and Reddy, 

1992) , 

Spatial arrangement and density are important 
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management factors that can be manipulated to increase 

resource use in intercropping. Bezerra Neto et al. (1991) 

studied the effects of spatial arrangement and cowpea 

density on yield in an annual cotton/cowpea intercrop in 

Northeast Brazil. They concluded that a row arrangement of 

2 cotton: 1 cowpea with a cowpea density of 40,000 

plants/ha was the most efficient association, in terms of 

net income and rate of return. Beltrao et al. (1986a) 

studied the effects of spatial arrangement on an annual 

cotton/sorghum intercrop in Northeast Brazil, and concluded 

that a row arrangement of 2 cotton : 1 sorghum, with a 1 m 

spacing between cotton and sorghum rows, was the most 

efficient in terms of cost/benefit ratio and net profit. 

Beltrao et al. (1984b) reported that cowpea in an annual 

cotton/cowpea intercrop reduced cotton yield about 8%. 

When the density of cotton was decreased from 50,000 

plants/ha to 25,000 plants/ha, the cotton yield was reduced 

30%. They concluded that the presence of a pulse crop like 

cowpea should increase monetary returns and reduce the 

competition on the cotton crop relative to cotton sole 

crop. Morgado and Rao (1985) reported that the proportion 

of annual cotton in a cotton/maize intercrop should be high 

because of the competitive effect of maize. 

The objective of this part of the present study was to 

determine the effects of spatial arrangement and density on 
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biomass, yield, and yield components of an annual 

cotton/cowpea/maize intercrop. The effect of spatial 

arrangement was established by the disposition of cowpea 

and maize between and within rows, intercropped with cotton 

in single and double rows. The effect of density was 

established in an additive intercropping design, either by 

maintaining a constant cotton density and varying the 

cowpea/maize density or by maintaining a constant cowpea/ 

maize density and changing cotton density. 

3.2. MATERIALS AND METHODS 

Two experiments were conducted at the West Campus 

Agricultural Center of the University of Arizona in Tucson, 

Arizona, USA. The descriptions of the site, soil tests, 

climatic data, and cultivars are in Chapter 2. 

Experiment I 

Experiment I analyzed the main and interactive effects 

of spatial arrangement and cowpea/maize density on biomass, 

yield, and yield components of cotton, cowpea, and maize in 

an additive intercropping design. The experimental design 

was a randomized complete block with 16 treatments and 

three replications. Treatments were combined in an 
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unconfounded 4 x 4 factorial design. The descriptions of 

the treatments, plot sizes, planting dates, experiment 

management, and harvest dates are in Chapter 2. Biomass, 

yield, and yield components of each crop were measured in 

each treatment. The procedures used in the biomass and 

yield determination for all three crops are described in 

Chapter 2. 

For cotton, the seed cotton was ginned on a 20 saw gin 

at the Maricopa Agricultural Center and lint yield was 

determined (t/ha). The percent turnout was obtained by 

dividing lint yield by seed cotton yield. Twenty mature 

cotton bolls were harvested in each plot and the boll 

weighed. Four samples of 100 cotton seeds were weighed (g) 

to determine the seed index (weight of 100 seeds). 

Earliness of cotton was determined by combining weights of 

the first and second pickings expressed as a percentage of 

the total seed cotton harvested (Richmond and Radwan, 

1962). Lint samples were taken in each plot and lint 

quality determined by an HVI (High Volume Instrument) 

system. The lint quality measurements were: micronaire, 

length (inch), uniformity (%), strength (g/tex), 

reflectance (Rb) , yellowness (+b), and elongation (cm). 

For cowpea, the harvest index was obtained by dividing 

seed yield by total yield (vegetative and reproductive 

material, with both yields adjusted to 0% moisture). In 
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each plot, the number of pods was counted. One sample of 

50 pods was harvested and pod length and number of seeds/ 

pod determined. Four samples of 100 seeds were taken and 

the average weight (g) determined. 

For maize, the harvest index was calculated in the 

same manner as for cowpea. In each plot the number of ears 

was counted. Five ears were randomly chosen, and the 

length of the kernel row and the number of kernels per ear 

were determined. Also, four samples of 100 kernels were 

taken and the mean weight (g) determined. 

Multivariate analyses of variance of biomass and yield 

vectors were conducted to study the joint biomass and yield 

vectors of the crops in response to treatment factors. The 

rationale behind these analyses is that biomass and yield 

for the three crops in each plot will be interrelated, and, 

therefore should be analyzed together (Federer and Murty, 

1987; Mead, 1990). Bartlett's test of sphericity was used 

to examine if the dependent variables (cotton, cowpea, and 

maize biomass and yield) were correlated. The results of 

the test were not significant, implying that the dependent 

variables were independent of one another. Thus, 

univariate analyses of variance were applied to the 

biomass, yield, and yield component data. The angular 

transformation, arc sin yo.s, was applied to percent 

turnout, earliness, uniformity, and harvest index, and the 
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square root transformation was applied to the number of 

pods/m2 and number of ears/m2 (Namboodiri, et al. 1975). 

These transformations were used to match the assumptions of 

the analysis of variance. A pairwise mUltiple comparisons 

based on Duncan's new multiple range test (Gomes, 1987) and 

a curve fitting procedure based on a least squares method 

through the Table Curve Package (Jandel Scientific, 1991) 

were applied to the crop variables among spatial 

arrangements and densities, respectively. 

Experiment II 

Experiment II analyzed the main and interactive 

effects of cotton density and cowpea/maize density on 

biomass, yield, and yield components of cotton, cowpea, and 

maize. The experimental design was a randomized complete 

block with 11 treatments and three replications. 

Treatments were combined in an unconfounded 2 x 5 + 1 

factorial design. The descriptions of the treatments, plot 

sizes, planting dates, experiment management, and harvest 

dates are in Chapter 2. Biomass, yield, and yield 

components of each crop were measured in each treatment. 

The procedures used in the biomass and yield determination 

for all three crops are described in Chapter 2. 

Multivariate analyses of variance of biomass and yield 
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vectors were conducted similar to those in Experiment I. 

Bartlett's test of sphericity was applied to test the 

correlation matrix of the dependent variables. As in 

Experiment I, the results of the test were not significant, 

implying that the dependent variables were independent of 

one another. Thus, univariate analyses of variance were 

applied to the biomass, yield, and yield component data. A 

curve fitting procedure based on a least squares method 

through Table Curve Package (Jandel Scientific, 1991) was 

applied to the crop variables among cotton densities. The 

criteria used to select the best curve fitting are 

described in detail in Experiment I, Chapter 2. 

3.3. RESULTS 

Experiment I 

Spatial arrangement had significant effects on seed 

cotton yield and percent turnout, and cowpea/maize density 

had a significant effect on cotton biomass (Table 7, 

Appendix). Seed cotton yield in the spatial arrangement of 

SR cowpea & maize between SR cotton was greater than in the 

other spatial arrangements. Percent turnout in the spatial 

arrangements of SR cowpea-maize between SR cotton and DR 

cowpea-maize between DR cotton was greater than in the 

other two spatial arrangements (Table 8). Cotton biomass 



TABLE 8. Seed cotton yield and percent turnout. cowpea biomass. yield. and number of pods. maize yield. number of kernels/ear. 
weight of 100 kernels. and length of kernel row as affected by spatial arrangement in Experiment I. 

Cotton Cowpea Maize 

Spatial Seedcotton Percent No. of No. of Weight-of - -Length of 
Arrangement Yield Turnout Biomass yield pod Yield kernels/ 100 kernels 

(t.ha·') (Angles) (t-ha·') (t-ha·') (t.ha·') ear (g) 

SR cowpea « maize 
between SR cotton 1.171 a 32.83 b 1.12 a 0.47 a 27.1 a 2.79 b 616.3 b 31.0 b 

DR cowpea « maize 
between DR cotton 0.976 b 32.99 b 1.05 a 0.43 a 25.4 a 2.77 b 60B.7 b 30.0 b 

SR cowpea-maize 
between SR cotton 0.926 b 34.09 a 0.74 b 0.25 b 15.2 b 3.28 a 679.9 a 32.5 a 

DR cowpea-maize 
between DR cotton 0.992 b 35.17 a 0.58 b 0.22 b 13.4 b 3.19 a 670.0 a 30.4 a 

- Means within a column followed by the same letter do not differ significantly by Duncan test at 5\ probability level. 

* SR and DR mean single rows and double rows. respectively. 

** Transformed data for square root. 

kernel row 
(em) 

15.0 b 

14.8 b 

16.3 a 

16.0 a 

-o 
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decreased with increasing cowpea/maize density (Figure 11). 

Spatial arrangement and cowpea/maize density had no 

significant effects on cotton lint yield, boll size, weight 

of 100 seeds, and earliness (Table 7, Appendix). In 

addition, the treatment factors did not significantly 

effect cotton fiber quality as assessed by micronaire, 

length, uniformity, strength, reflectance, yellowness, and 

elongation (Table 9, Appendix). 

Spatial arrangement had significant effects on cowpea 

biomass, yield, and number of pods, and cowpea/maize 

density had a significant effect on cowpea biomass (Table 

10, Appendix). Biomass, yield, and number of pods were 

higher in the spatial arrangements of SR cowpea & maize 

between SR cotton and DR cowpea & maize between DR cotton 

than in the other two spatial arrangements (Table 8). 

Cowpea biomass increased with increasing cowpea/maize 

density (Figure 12). Spatial arrangement and cowpea/maize 

density had no significant effects on the number of cowpea 

seeds/pod, weight of 100 seeds, pod length, and harvest 

index (Table 10, Appendix). 

Spatial arrangement and cowpea/maize density had 

significant effects on maize yield, number of kernels/ear, 

weight of 100 kernels, and length of kernel row. Cowpea/ 

maize density also had a significant effect on the number 

of maize ears (Table 11, Appendix). Yield, number of 
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kernels/ear, weight of 100 kernels, and length of kernel 

row were higher in the spatial arrangements of SR cowpea

maize between SR cotton and DR cowpea-maize between DR 

cotton than in the other two spatial arrangements (Table 

B). Yield and number of ears increased with increasing 

cowpea/maize density, whereas number of kernels/ear and 

weight of 100 kernels decreased with increasing cowpea/ 

maize density (Figure 13). Length of kernel row decreased 

with increasing cowpea/maize density but the relationship 

was not linear (Figure 14). There was a significant 

interaction between spatial arrangement and cowpea/maize 

density on maize biomass (Table 11, Appendix). The 

partition of the interaction showed significant differences 

in maize biomass among cowpea/maize densities within each 

spatial arrangement. Maize biomass increased with 

increasing cowpea/maize density, although the functional 

relationship varied with spatial arrangement (Figure 15). 

Spatial arrangement and cowpea/maize density had no 

significant effects on maize harvest index. In addition, 

spatial arrangement had no significant effect on the number 

of maize ears (Table 11, Appendix). 

Experiment II 

Cotton density had a significant effect on cotton boll 
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size (Table 7, Appendix). Boll size decreased with 

increasing cotton density (Figure 16). Cotton density and 

cowpea/maize density had no significant effects on cotton 

biomass, seed cotton yield, lint yield, percent turnout, 

weight of 100 seeds, and earliness. In addition, 

cowpea/maize density did not significantly effect cotton 

boll size (Table 7, Appendix). The two treatment factors 

did not significantly effect cotton fiber quality as 

assessed by micronaire, length, uniformity, strength, 

reflectance, yellowness, and elongation (Table 9, 

Appendix) . 

Cowpea/maize density had a significant effect on 

cowpea biomass (Table 10, Appendix), such that biomass was 

higher at the higher cowpea/maize density. The mean values 

for cowpea biomass at cowpea/maize densities of 30,000 and 

50,000 plants/ha were 0.79 t/ha and 1.00 t/ha, 

respectively. Cotton density and cowpea/maize density had 

no significant effects on cowpea yield, number of pods, 

number of seeds/pod, weight of 100 seeds, pod length, and 

harvest index. In addition, cotton density did not 

significantly effect cowpea biomass (Table 10, Appendix). 

Cowpea/maize density had significant effects on maize 

biomass, yield, number of ears, and harvest index (Table 

11, Appendix), such that all four parameters were higher at 

the higher cowpea/density. Mean values for these variables 
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at cowpea/maize densities of 30,000 and 50,000 plants/ha 

were: 3.89 and 5.28 t/ha for biomass, 1.47 and 1.98 t/ha 

for yield, 2.40 and 3.18 for number of ears, and 37.04 and 

40.11 for harvest index, respectively. Cotton density and 

cowpea/maize density had no significant effects on maize 

number of kernels/ear, weight of 100 kernels, and length of 

kernel row. Also, cotton density did not significantly 

effect maize biomass, yield, number of ears, and harvest 

index (Table 11, Appendix). 

For all three crops, there was no significant 

difference in any parameter between the additional 

treatment and the special treatment (Tables 7, 9, 10, and 

11, Appendix). 

3.4. DISCUSSION 

The effects of spatial arrangement on yield differed 

among the three crops. For cotton, yield was highest in 

the spatial arrangement in which single rows of cowpea and 

maize were intercropped between single rows of cotton. 

This pattern presumably reflects the relative advantage of 

this planting geometry in the use of resources by cotton, 

especially light. This spatial pattern allowed more light 

to enter the cotton canopy and, therefore, provided a 

better growth environment for cotton. These findings agree 
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partially with results obtained by Bezerra Neto et al. 

(1991), who found in Northeast Brazil that the yield 

reduction of cotton was not as great when single rows of 

cowpea and sorghum were intercropped between single rows of 

cotton, compared to single rows of cowpea and sorghum 

intercropped between double rows of cotton. 

The yield of cowpea was significantly higher in the 

spatial arrangements in which cowpea and maize were grown 

in different rows, whereas maize yield was higher in the 

spatial arrangements in which cowpea and maize were grown 

in the same rows. These results reflect the relative 

importance of the stature of the two crops, and 

consequently intraspecific and interspecific competition 

between the two food crops. For cowpea, interspecific 

competition with maize reduced cowpea yield more than 

intraspecific competition. For maize, in contrast, 

interspecific competition with cowpea reduced maize yield 

less than intraspecific competition. These results agree 

partially with results obtained by Allen and Obura (1983), 

who found that the yield of cowpea in the system in which 

cowpea was grown in the same row with maize was 

significantly lower than in the system in which cowpea and 

maize were grown in alternate rows. 

The effects of cowpea/maize density on biomass 

differed among the three crops. Cotton biomass decreased 
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with increasing cowpea/maize density. This result 

presumably reflected the influence of interspecific 

competition. In contrast, cowpea and maize biomass 

increased as cowpea/maize density increased. These results 

reflected the classical relationship between population 

density and biomass production, in which there is an 

ascending response of biomass as density increases. The 

results confirm postulations by Hardwick and Andrews 

(1983) . 

Certain yield components of cowpea and maize increased 

with increasing yield, whereas other yield components 

decreased with increasing yield. For cowpea, the number of 

pods increased as yield increased across spatial 

arrangements. This postulation confirmed findings of 

Bezerra Neto et al. (1980), where a high correlation was 

observed between the number of pods and yield. For maize, 

the patterns were more complex. As maize yield increased 

with increasing cowpea/maize density, the number of ears 

increased, whereas the number of kernels/ear, weight of 100 

kernels, and length of kernel row decreased. These results 

are similar to those of Fawusi and Wanki (1982), who found 

that, as maize yield increased with increasing cowpea/maize 

density, the number of cobs increased, whereas the number 

of kernels/cob decreased. 

Cotton boll size decreased as cotton density 
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increased. This reflected increasing intraspecific 

competition with increasing cotton density. According to 

Burhan (1964) the number of flowers/plant decreased as the 

plant density increased. He also reported that boll 

shedding increased and boll size decreased as plant density 

increased. 

Cotton fiber quality was not influenced by any 

treatment factors. This suggests that fiber properties are 

controlled to a greater extent by genetics than by the 

environment. These results confirmed findings of Beltrao 

et al. (1986a), who observed no changes in cotton 

micronaire, length, uniformity and strength among spatial 

arrangements in intercropping systems of cotton and 

sorghum. 
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4.1. INTRODUCTION 
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Intercropping of annual cotton with food crops is a 

form of crop production used by small farmers in the 

tropics (Grimes, 1963; Baker, 1979; Barreiro Neto et al., 

1981; Zaffaroni and Azevedo, 1982; Morgado and Rao, 1985 

and MandaI et al., 1987). Cowpea and maize are preferred 

crops for intercropping by small farmers in semiarid areas 

of Northeast Brazil (Morgado and Rao, 1985; Beltrao et al., 

1986b; Rao, 1986). To improve intercrop productivity and 

efficiency, it is important to understand the patterns of 

dry matter partitioning and growth of the component crops. 

Musande et al. (1986), in trials with cotton in 

Parbhani, India, studied 3 spacings, 3 intercrop types 

(cotton intercropped with green gram, black gram and 

groundnut) and 3 rates of NPK. They reported that cotton 

absolute growth rate was significantly decreased during 30-

120 days after sowing and leaf area index during 75-120 
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days after sowing in the cotton/groundnut intercrop' 

compared with cotton/green gram and cotton/black gram 

intercrops. Kumar et al. (1987) studied cotton/maize 

intercropping in Nigeria and reported that dry matter 

production was enhanced when cotton was intersown with 

maize in double rows as compared with single rows. 

Experiments by Beltrao et al. (1986b) in Paraiba, Northeast 

Brazil on intercropping annual cotton and cowpea showed 

that cotton leaf area index and relative growth rate were 

less affected when the cotton was intercropped with an 

erect cowpea cultivar than when the cotton was intercropped 

with other cultivars (Beltrao et al., 1986b). 

The objective of the present research was to analyze 

the effects of spatial arrangement and density on dry 

matter partitioning and growth of an annual cotton/cowpea/ 

maize intercrop. 

4.2. MATERIALS AND METHODS 

Two experiments were conducted at the West Campus 

Agricultural Center of the University of Arizona, at 

Tucson, Arizona, USA during 1990 and 1991. The general 

soil type, soil test values, weather data, treatments, 

experiment management and design were described in the 

Chapter 2. 
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In Experiments I and II, four plants of each crop were 

removed randomly from each plot 60 days after sowing (DAB). 

The plants were cut at ground level, placed in large 

plastic bags, and returned to the laboratory, where they 

were separated into leaves, stems and fruits. The area of 

20 leaves of each crop from each plot was measured with a 

Delta-T Devices area meter. The leaves were then oven

dried at 70 C until constant weights were obtained, and the 

area/weight ratio was calculated. The remaining plant 

material was also oven-dried at 70 C for dry matter 

determination. In addition to leaf dry matter (LDM) , stem 

and fruit dry matter (BFDM), and total dry matter (TDM) for 

each plot, leaf area was obtained by mUltiplying LDM by the 

area/weight ratio. Leaf area index (LAI) was then 

calculated by dividing the leaf area of the plants by the 

ground area they occupied. 

In Experiment II, three plants of each crop from each 

plot were removed at 7-day intervals from 25-81 DAB in 

cotton and from 25-67 DAB in cowpea and maize. From 

measurements of total dry weights and leaf areas at each 

harvest, the following growth parameters were calculated 

for each interval and crop: 

- Crop Growth Rate (CGR): Computed as the mean 

increase of plant material (g) per unit of ground area per 

unit of time (day) (Kvet et al" 1971). 
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CGR = (W2 - W1 ) /P. (T2 - T1 ) g. m-2. d- 1 

where W1 = Total plant dry matter (g) at previous sampling 

period, W2 

period, Tl 

day, and P 

estimated. 

Total plant dry matter (g) at current sampling 

Previous sampling day, T2 = Current sampling 

Ground area on which W1 and W2 have been 

- Relative Growth Rate (RGR): Computed as the mean 

increase of plant material (g) per unit material present 

(100g) per unit of time (day) (Radford, 1967). 

RGR = (LnW2 - LnW1 ) / (T2 - T1 ) g .100g-1
• d- 1 

- Net Assimilation Rate (NAR): Computed as the mean 

increase of plant material (g) per unit of assimilatory 

material (m2) per unit of time (day) (Pearcy et al., 1991). 

NAR = [(W2 - W1 ) / (A2 - A1 )] / [(LnA2 - LnA1 ) / (T2 - T1 )] 

g. m- 2. d- 1 where Al = Leaf area (m2
) at previous sampling 

period, A2 = Leaf area (m2) at current sampling period. 

The effects of the treatment factors on LAI, LDM, 

SFDM, TDM, CGR, RGR, and NAR in each crop were assessed 

with univariate analyses of variance. The effects of 

spatial arrangement were further assessed by pairwise 

mUltiple comparisons based on Duncan's new mUltiple range 

test (Gomes, 1987). The effects of cowpea/maize density 

and cotton density were further assessed by a least squares 

curve-fitting procedure through Table Curve Package (Jandel 

Scientific, 1991). 
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4.3. RESULTS 

Dry Matter Partitioning 

Experiment I 

Spatial arrangement had significant effects on cotton 

LAI, LDM, SFDM, and TDM (Table 12, Appendix). All four 

parameters were higher in the spatial arrangements of SR 

cowpea & maize between SR cotton and DR cowpea & maize 

between DR cotton than in the two other spatial 

arrangements (Table 13). Cowpea/maize density had no 

significant effects on cotton LAI, LDM, SFDM, and TDM 

(Table 12, Appendix). 

Spatial arrangement had significant effects on cowpea 

LAI, LDM, SFDM, and TDM, and cowpea-maize density had 

significant effects on cowpea LAI and LDM (Table 14, 

Appendix). Cowpea LAI was higher in the spatial 

arrangements of SR cowpea-maize between SR cotton and DR 

cowpea-maize between DR cotton than in the two other 

spatial arrangements (Table 13). In contrast, cowpea LDM, 

SFDM, and TDM were higher in the spatial arrangements of SR 

cowpea & maize between SR cotton and DR cowpea & maize 

between DR cotton than in the two other spatial 

arrangements (Table 13). Cowpea LAI and LDM increased with 

increasing cowpea/maize density (Figure 17). Cowpea/maize 



TABLE 13. Cotton and cowpea leaf area index (LAI), leaf dry matter (LDM), stem and fruit dry matter (SFDM), and total dry 
matter (TOM), and maize leaf area index (LAI) as affected by spatial arrangement at 60 days after sowing in 
Experiment I. 

Cotton Cowpea Maize 

Spatial LA! LDM SFDM TOM LAI LDM SFDM TOM ----uu-
Arrangement (m'.m·') (t.ha-') (m'.m-') (t.ha-') (m'.m·') 

SR cowpea & maize 
between SR cotton 2.404 a 0.649 a 0.929 a 1.578 a 0.873 b 0.043 a 0.174 a 0.217 a 1.060 a 

DR cowpea & maize 
between DR cotton 2.175 a 0.702 a 0_973 a 1.675 a 0.895 b 0.044 a 0.165 a 0.209 a 1.025 a 

SR cowpea-maize 
between SR cotton 2.152 b 0.526 b 0.704 b 1.230 b 0.999 a 0.036 b 0.122 b 0.158 b 0.948 b 

DR cowpea-maize 
betweem DR cotton 2.172 b 0.528 b 0.728 b 1.256 b 1.065 a 0.037 b 0.098 b 0.135 b 0.938 b 

- Means within a column followed by the same letter do not differ significantly by Duncan test at 5% probability level. 

* SR and DR mean single rows and double rows, respectively. 
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density had rio significant effects on cowpea SFDM and TDM 

(Table 14, Appendix). 

Spatial arrangement had a significant effect on maize 

LAI, and cowpea/maize density had significant effects on 

maize LAI, LDM, SFDM, and TDM (Table 15, Appendix). Maize 

LAI was higher in the spatial arrangements of SR cowpea & 

maize between SR cotton and DR cowpea & maize between DR 

cotton than in the two other spatial arrangements (Table 

13). Maize LAI, LDM, SFDM, and TDM increased with 

increasing cowpea/maize density (Figure 18). Spatial 

arrangement had no significant effects on maize LDM, SFDM, 

and TDM (Table 15, Appendix). 

Experiment II 

Cotton density had significant effects on cotton LAI, 

LDM, SFDM, and TDM (Table 12, Appendix). All four 

parameters increased with increasing cotton density (Figure 

19). Cowpea/maize density had no significant effects on 

cotton LAI, LDM, SFDM, and TDM (Table 12, Appendix). 

Cotton density and cowpea/maize density had no 

significant effects on cowpea LAI, LDM, SFDM, and TDM 

(Table 14, Appendix). 

Cowpea/maize density had a significant effect on maize 

LDM (Table 15, Appendix), such that LDM was higher at the 
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higher cowpea/maize density. The mean LDM values for 

cowpea/maize densities of 30,000 and 50,000 plants/ha were 

0.58 t/ha and 0.83 t/ha, respectively. There was a 

significant interaction between cotton density and 

cowpea/maize density on maize LAI (Table 15, Appendix). 

Partition of this interaction showed significant 

differences in maize LAI among cotton densities only within 

a cowpea/maize density of 30,000 plants/ha. Maize LAI was 

highest at intermediate cotton densities (Figure 20) . 

Cotton density had no significant effects on maize LDM, 

SFDM, and TDM, and cowpea/maize density had no significant 

effects on maize SFDM and TDM (Table 15, Appendix). 

For all three crops, there was no significant 

difference in any parameter between the additional 

treatment and the special treatment (Tables 12, 14, and 15, 

Appendix) . 

Growth 

Cotton density had significant effects on cotton CGR 

for the intervals 39-46, 46-53, 53-60, 60-67, and 67-74 DAB 

(Table 16, Appendix). Cotton density and cowpea/maize 

density had significant effects on cotton RGR and NAR for 

the interval 46-53 DAB (Table 16, Appendix). CGR increased 

with increasing cotton density in early season, but in late 

season, the maximal CGR was achieved at lower cotton 
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densities (Figure 21). RGR and NAR were highest at 

intermediate cotton densities (Figure 22), and were higher 

at the higher cowpea/maize density. The mean RGR and NAR 

values for cowpea/maize densities of 30,000 and 50,000 

plants/ha were 3.99 g.m-2 .d-1 and 6.35 g.100g-1 .d-1 , and 6.99 

g. m- 2
• d- 1 and 11. 45 g .100g-1

• d- 1
, respectively. Cotton 

density had no significant effect on cotton CGR for the 

intervals 25-32, 32-39, and 74-81 DAS, and cowpea/maize 

density had no significant effects on cotton CGR for all 

intervals (Table 16, Appendix). Cotton density and 

cowpea/maize density had no significant effects on cotton 

RGR and NAR for the intervals 25-32, 32-39, 39-46, 53-60, 

60-67, 67-74, and 74-81 DAS (Table 16, Appendix). 

Cotton density and cowpea/maize density had no 

significant effects on cowpea CGR, RGR, and NAR for all 

intervals (Table 17, Appendix). 

Cowpea/maize density had significant effects on maize 

CGR for the intervals 25-32, 32-39, 39-46, 46-53, and 53-60 

DAS (Table 18, Appendix), such that CGR was higher at the 

higher cowpea/maize density. The mean CGR values for the 

intervals 25-32, 32-39, 39-46, 46-53, and 53-60 DAS for 

cowpea/maize densities of 30,000 and 50,000 plants/ha were: 

1.87, 5.21, 9.71, 19.40, 13.49 g.m- 2 .d- 1
, and 2.86, 8.52, 

10.74, 24.96, 22.02 g.m-2 .d-1
, respectively. Cotton density 

had no significant effects on maize CGR, RGR, and NAR for 
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all intervals (Table 18, Appendix). Cowpea/maize density 

had no significant effect on maize CGR for the interval 60-

67 DAS, and no significant effects on maize RGR and NAR for 

all intervals (Table 18, Appendix). 

For all three crops and all intervals, there was no 

significant difference in any parameter between the 

additional treatment and the special treatment (Tables 16, 

17, and 18, Appendix). 

4.4. DISCUSSION 

The effects of spatial arrangement on dry matter 

partitioning were similar for cotton and cowpea. LDM, 

SFDM, and TDM were higher in the spatial arrangements in 

which cowpea and maize were grown in different rows. These 

patterns presumably reflected the relative importance of 

the planting geometries in terms of the amount of light 

penetrating the canopies and reaching cotton and cowpea. 

Cotton LAI, LDM, SFDM, and TDM increased with 

increasing cotton density. In addition, maize LAI, LDM, 

SFDM, and TDM increased with increasing cowpea/maize 

density. These results reflected the classical 

relationship between population density and biomass 

production, in which there is an ascending response of 

biomass as density increases (Hardwick and Andrews, 1983). 
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Cotton density influenced crop growth rate from 39 to 

74 DAS, with the growth rate increasing with increasing 

cotton density. As the season progressed, the maximal 

growth rate was achieved at lower densities. These results 

suggest that intraspecific competition became more 

pronounced as the season progressed. These results 

confirm, in part, the findings of Mayilsami and Iruthayaraj 

(1981), who demonstrated that growth stages (days after 

sowing) significantly influenced the CGR in cotton as a 

sole crop. 
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CHAPTER 5 

5. CONCLUSIONS 

Data obtained under the conditions of these 

experiments support the following conclusions: 

135 

1. A land use efficiency of 12% (or a land equivalent 

ratio of 1.12) was obtained in the spatial 

arrangement of single rows of cowpea and maize 

between single rows of cotton, whereas a land use 

efficiency of 11% was obtained for cowpea and maize 

at a combined density of 50,000 plants/ha 

intercropped with cotton at a density of 50,000 

plants/ha. 

2. Maize provided a greater contribution to the land 

use efficiency than either cotton or cowpea. 

3. The intercrop standardization methods using the 

sole crop biomass or yield in each block and the 

average over all blocks yielded similar treatment 

comparisons for all studied parameters. 
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4. The highest yield of cott6n w~s obtained when the 

food crops were planted in alternate rows between 

single rows of cotton. 

5. For the two food crops, cowpea yield was highest in 

the spatial arrangements in which cowpea and maize 

were grown in different rows between rows of 

cotton, whereas maize yield was highest in the 

spatial arrangements in which cowpea and maize were 

grown in the same rows between rows of cotton. 

6. Cotton biomass decreased as cowpea/maize density 

increased. 

7. Cowpea and maize biomass increased as cowpea/maize 

density increased. 

8. Cotton fiber quality was not influenced by spatial 

arrangement, cowpea/maize density, and cotton 

density. 

9. Number of cowpea pods was affected by spatial 

arrangement in a manner similar to cowpea yield. 

Number of maize ears increased as cowpea/maize 

density increased, whereas number of kernels/ear, 



weight of 100 kernels, and length of kernel rows 

decreased as cowpea/maize density increased. 
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10. Dry matter accumulation in leaves, stems, and 

fruits of cotton and cowpea was greatest in the 

spatial arrangements in which cowpea and maize were 

grown in different rows between rows of cotton. 

11. Dry matter accumulation in leaves, stems, and 

fruits of cotton and maize increased as cotton 

density and cowpea/maize density increased, 

respectively. 

12. Weekly cotton growth rate increased as cotton 

density increased from 39 to 74 days after sowing. 
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CHAPTER 6 

6. APPENDIX 
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TABLE 2. F significance for Land E~uivalent Ratio (LER) in an annual cotton/cowpea/maize 
intercrop in Experiments I and II. 

Source of 

Variation 

Blocks 

Treatments 

- Spatial 
Arrangement 

- Cowpea/maize 
Density 

- Interaction 

C. V. (%) 

Expen ment I 

Blomass held * 
BB AB BB AB 

NS NS a a 

a a b b 

NS NS NS NS 

12.4 12.8 13.8 13.9 

Land Equivalent Ratio (LER) 

Source Of Expenment II 

Variation Blomass ?leld 
BB AB BB AB 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS 

- Cowpea/maize 
NS NS Density a 

- Interact ion NS NS NS NS 
** - Addit. treat. x 

Special treat. NS NS NS NS 

14.2 11.9 13.2 13.6 

* : BB and AB are forms of standardizing intercrop biomass or yield using the sole crop 
biomas~ or yield in each block and the average over blocks, respectively. 
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NS, • and b • Non-significant and significant at P = 0.05 and P = 0.01. respectively, by F test. 

**. Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experi ment 11). 
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TABLE 4. F significance for proportional LER in an annual cotton/cowpea/maize intercrop 
in Experiments I and II. 

Experiment 

Cotton Cowpea Maize 
Source of Abiomass Ayield Abiomass Ayield Abiomass Ayield 
Variation BB AB BB AB BB AB BB AB BB AB BB AB 

Blocks 

Treatments 

- Spatial 
Arrangement a a NS NS b b b b b b b b 

- Cowpea/maize 
Density b b b b NS NS a a b b b b 

- Interact i on NS NS NS NS NS NS NS NS a a NS NS 

C.V. (%) 10.4 10.4 9.6 9.5 22.1 22.1 18.9 18.6 10.4 10.4 12.5 12.6 

Experiment II 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS NS NS NS NS a a 

- Cowpea/maize 
Density b b b b NS NS NS NS b b b b 

- Interaction NS NS NS NS NS NS NS NS NS NS NS NS 
** 

- Addit. treat. x 
Speci a 1 treat. NS NS NS NS NS NS NS NS NS NS NS NS 

C.V. (%) 12.0 11. 9 13.8 13.9 23.3 24.4 13.4 13.5 15.1 12.9 13.6 11.9 

NS. • and b • Non-significant and signif.icant at P = 0.05 and P = 0.01. respectively. by 
F test. 

BB and AB are forms of standardizing intercrop biomass or yield using the sale crop 
biomass or yield in each block and the average over blocks. respectively. 

**: Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experi ment I!). 
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TABLE 7. F significance for cotton biomass. yield. and yield components in Experiments 
I and 11. 

F significance 

Source of Seed Llnt Percent Boll welght of 

Variation Biomass Yield Yield Turnout Size 100 seeds Earliness 

Blocks 
Experiment 

Treatments 

- Spatial 
Arrangement NS a NS a NS NS NS 

- Cowpea/maize 
Density b NS NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS 

C. V. (%) 1B.1 19.6 23.2 6.2 11.4 6.B 13.5 

Experiment I I 

Blocks 

Treatments 

- Cotton NS NS NS NS NS NS 
Density 

- Cowpea/maize 
Density NS NS NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS 
* 

- Addit. treat. x 
Special treat. NS NS NS NS NS NS NS 

C. V. (%) 17.1 20.6 1B.2 1.5 6.B 4.B 24.3 

NS. • and b. Non-significant and significant at P=0.05 and P= 0.01 by F test. 
respectively. 

*: Additional treatment (best from Experiment I) x Special treatment (treatment B from 
Experi ment 11). 
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TABLE 9. F significance for cotton micronaire, staple length, uniformity, strength, reflectance, 
yellowness, and elongation in Experiments I and II. 

F significance 

Source of 

Variation Micronaire Length Uniformity Strength Reflectance Yellowness Elongation 

Blocks 

Treatments 

- Spatial 
Arrangement 

- Cowpea/maize 
Density 

- Interaction 

C. V. (%) 

Blocks 

Treatments 

- Cotton 
Density 

- Cowpea/maize 
Density 

- Interact ion 
* - Addit. treat. x 

Special treat. 

C.V. (%) 

NS 

NS 

NS 

8.6 

NS 

NS 

NS 

NS 

4.7 

NS 

NS 

NS 

3.5 

NS 

NS 

NS 

NS 

2.1 

NS 

NS 

NS 

1.9 

NS 

NS 

NS 

NS 

1.0 

Experiment I 

NS 

NS 

NS 

5.1 

Experiment II 

NS 

NS 

NS 

NS 

3.2 

NS 

NS 

NS 

3.8 

NS 

NS 

NS 

NS 

3.5 

NS. and d, Non-significant and significant at P-0.05 by F test, respectively. 

NS 

NS 

NS 

7.4 

NS 

NS 

NS 

NS 

1.4 

*. Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experi ment II). 

NS 

NS 

NS 

3.2 

NS 

NS 

NS 

NS 

3.2 



It 

143 

TABLE 10. F significance for cowpea biomass. yield. and yield components in Experiments 
I and II. 

F significance 

Source of No. of No. of weight of Pod Harvest 

Variation Biomass Yield pods seeds/pod 100 seed length index 

Blocks 
Experiment 

Treatments 

- Spatial 
Arrangement b b b NS NS NS NS 

- Cowpea/maize 
Density a NS NS NS NS NS NS 

- Interact i on NS NS NS NS NS NS NS 

C. V. (%) 22.9 19.2 9.3 3.3 5.1 4.0 14.2 

Experiment II 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS NS 

- Cowpea/maize 
Density a NS NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS 
* 

- Addit. treat. x 
Special treat. NS NS NS NS NS NS NS 

C.V. (%) 29.9 17.9 6.9 3.6 4.0 8.5 8.0 

NS. ' and b. Non-significant and significant at P=0.05 and P= 0.01 by F test. respectively. 

*: Additional treatment (best from Experiment 
Experiment II). 

I) x Special treatment (treatment 8 from 
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TABLE 11. F significance for maize biomass. yield. 
II. 

and yield components in Experiments I and 

F significance 

Source of No. of No. Of welght Of Length of Rarvest 
Variation Biomass Yield ears kernels/ear 100 kernels kernel row index 

Blocks 
Experiment I 

Treatments 

- Spatial 
b b NS b b NS Arrangement a 

- Cowpea/maize 
Density b b b a a b NS 

- Interaction b NS NS NS NS NS NS 

C.V. (%) 11.8 13.7 5.3 9.7 4.6 6.2 7.2 

Experiment II 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS NS 

- Cowpea/maize 
Density a b b NS NS NS a 

- Interact i on NS NS NS NS NS NS NS 
* 

- Addit. treat. x 
Special treat. NS NS NS NS NS NS NS 

C.V. (%) 14.1 17.4 6.2 14.5 9.6 9.9 13.9 

NS. I and b. Non-significant and signifi'cant at PaO.05 and pa 0.01 by F test. respectively. 

*: Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experiment II). 



TABLE 12. F significance for cotton leaf area index (LAI), leaf dry matter (LDM), stem and 
fruit dry matter (SFDM), and total dry matter (TOM) at 60 days after sowing in 
Experiments I and II. 

Experiment I Experiment II 

145 

Source of 

Variation LAI LOM SFOM 10M 
Source of 

Variation LAI LOM SFOM 10M 

Blocks 

Treatments 

-Spatial 
Arrangement 

-Cowpea/maize 
Density 

-Interact ion 

C.V. (%) 

a a a 

NS NS NS 

NS NS NS 

a 

NS 

NS 

20.4 22.0 24.5 23.4 

Blocks 

Treatments 

- Cotton 
Density 

- Cowpea/maize 
Density 

- Interact ion 

- Addit. treat. x 
Special treat. 

* 

b b b 

NS NS NS 

NS NS NS 

NS NS NS 

b 

NS 

NS 

NS 

24.4 23.2 31.9 28.6 

NS, a and b , Non-significant and significant at P a 0.05 and P a 0.01 by F test, respectively. 

*. Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experiment II). 
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TABLE 14. F significance for cowpea leaf area index (LAI). leaf dry matter (LDM). stem and fruit 
dry matter (SFDM). and total dry matter (TDM) at 60 days after sowing in Experiments I 
and II. 

Source of Experiment I Source of Experiment II 

Variation [AI CD~ SFO~ !O~ Variati on [AI [Of'1 SFOf'1 1Df'1 

Blocks Blocks 

Treatments Treatments 

- Spatial - Cotton 
Arrangement b a b b Density NS NS NS NS 

- Cowpea/maize 
Density b b NS NS 

- Cowpea/maize 
Density NS NS NS NS 

- Interact ion NS NS NS NS - Interact i on NS NS NS NS 
* - Addit. treat. x 

Special treat. NS NS NS NS 

C.V. (%) 14.7 16.6 34.7 26.8 26.7 24.9 30.4 25.7 

NS. ' and b Non-significant and significant at P = 0.05 and P a 0.01 by F test. respectively. 

* Additional 
I I). 

treatment (best from Experiment I) x Special treatment (treatment 8 from Experiment 
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TABLE 15. F significance for maize leaf area index (LAI). leaf dry matter (LDM). stem and fruit 
dry matter (SFDM). and total dry matter (TDM) at 60 days after sowing in Experiments I 
and I I. 

Source of Experiment I Source of Experiment II 

Variation [liI COR SFDR IDR Variation [liI COR SFDR IDR 

Blocks Blocks 

Treatments Treatments 

-Spati a1 - Cotton 
Arrangement b NS NS NS Density b NS NS NS 

-Cowpea/maize 
Density b b b b 

- Cowpea/maize 
Density b b NS NS 

-Interaction NS NS NS NS - Interaction NS NS NS 
* - Addit. treat. x 

Speci a 1 treat. NS NS NS NS 

C. V. (%) 10.1 15.5 15.9 14.4 13.8 24.1 56.8 34.4 

NS. ' and b • Non-significant and significant at P = 0.05 and P = 0.01 by F test. respectively. 

*: Additional treatment (best from Experiment I) x Special treatment (treatment 8 from 
Experiement II). 



TABLE 16. F significance for cotton crop growth rate (CGR). relative growth rate (RGR). and net assimilation rate (NAR) for 7-day 
intervals from 25 to 81 days after sowing in Experiment II. 

F significance 

Source of 
25-32 32-39 39-46 46-53 53-60 60-67 67-74 74-81 

Variation 

CGR RGR NAR CGR RGR NAR CGR RGR NAR CGR RGR NAR CGR RGR NAR CGR RGR NAR CGR RGR NAR CGR RGR NAR 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS b NS NS a b a b NS NS a NS NS a NS NS NS NS NS 

- Cowpea/maize 
Density NS NS NS NS NS NS NS NS NS NS a a NS NS NS NS NS NS NS NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
* - Addit. Treat. x 

Special Treat. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

C.V. (%) 93.4 66.6 68.3 47.0 44.8 46.8 21.5 18.0 21.0 61.8 51.8 58.6 40.8 29.6 30.0 59.2 58.0 60.0 60.6 53.3 53.2 48.1 40.440.3 

NS. • and b. Non-significant and significant at P= 0.05 and P=O.Ol by F test. respectively. 

*: Additional treatment (best from Experiment Il x Special treatment (treatment 8 from Experiment II). 

...... 
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TABLE 17. F significance for cowpea crop growth rate (CGR). relative growth rate (RGR). and net assimilation rate (NAR) for 
7-day intervals from 25 to 67 days after sowing in Experiment II. 

F significance 

Source of 
25-32 32-39 39-46 46-53 53-60 60-67 

Variation 
CGR RGR fJAR CGR RGR fJi'i:R CGR RGR fJAR CGR RGR flAR CGR RGR fJAR CGR RGR fJAR 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

- Cowpea/maize 
Density NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
* 

- Addit. treat. x 
Special treat. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

C.V. (%) 40.9 38.0 41.2 60.9 53.2 58.4 40.8 46.9 48.3 45.8 39.2 40.3 55.8 51.4 54.6 68.4 72.4 70.9 

NS and b. Non-significant and significant at P=O.Ol by F test. respectively. 

* Additional treatment (best from Experiment I) x Special treatment (treatment 8 from Experiment II). 
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TABLE 18. F significance for maize crop growth rate (CGR). relative growth rate (RGR). and net assimilation rate (NAR) for 
7-day intervals from 25 to 67 days after sowing in Experiment II. 

F significance 

Source of 
25-32 32-39 39-46 46-53 53-60 60-67 

Variation 
CGR RGR f'l1l.R CGR RGR JilIl.R CGR RGR f'l1l.R CGR RGR W\R CGR RGR W\R CGR RGR NAR 

Blocks 

Treatments 

- Cotton 
Density NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

- Cowpea/maize 
Density b NS NS a NS NS a NS NS a NS NS a NS NS NS NS NS 

- Interaction NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
* 

- Addit. Treat. x 
Speci a 1 treat. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

C.V. (%) 36.9 22.2 23.3 40.7 38.S 44.0 58.6 53.6 50.3 34.631.0 33.2 49.1 44.3 46.4 50.0 57.3 55.5 

NS • and b. Non-significant and significant at P= 0.05 and P=O.Ol by F test. respectively. 

*: Additional treatment (best from Experiment I) x Special treatment (treatment 8 from Experiment II). 
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