
BY

CHARLES NAPOLY OCITTI P’OB WO YA

B.Sc. Agric.(Njala, University of Sierra-Leone)

M.Sc. Agronomy (University of Ibadan, Nigeria)

A Thesis submitted in fulfilment of the requirement

for the Degree of

DOCTOR OF PHILOSOPHY

of Makerere University

Department of Crop Science

Faculty of Agriculture and Forestry

Makerere University

Kampala

NOVEMBER 1996

AGRONOMIC STUDIES OF SWEETPOTATO
(IPOMOEA BATATAS (L.) LAM) INTERCROPPED WITH BEAN 

(PHASEOLUS VULGARIS L.)



DECLARATION

Signed Date 

{5 Il 2Signed Date

I, the undersigned,declare that this Thesis is my original work which has not 
been submitted for any degree in any University.

This Thesis has been submitted for examination with my approval as the 
University supervisor.

Professor D.S.O Osiru.
B.Sc (Agric);M.Sc;Ph.D.



iii

DEDICATION

To my dear sisters, Rose Mary Abwo- Akoborach and Samali Acaa-

Latete for their love and care.



iv

TABLE OF CONTENTS

Page

Title . 

iiDeclaration 

iiiDedication 

ivTable of contents 

ixList of Tables . 

xxiiList of Figures 

List of Appendices xxv

xxixAcknowledgement 

xxxiAbstract 

CHAPTER 1: Introduction 1

CHAPTER 2: Literature Review 7

2.1 Intercropping and its importance in subsistence

farming 7

2.2 Sweetpotato and bean in Tropical Agriculture 11

2.2.1 Sweetpotato and bean cultivation in Uganda 12

2.2.2 Sweetpotato and bean cropping calendar 17

2.2.3 Sweetpotato and bean production constraints 18

Sweetpotato genotypes for intercropping 192.3

I



V

Plant population and spatial arrangement in2.4

22intercrops

27Competition for growth resources2.5

29Competition for light2.5.1

31Competition for nutrients2.5.2

Symbiotic N2 Fixation in legume-non legume2.5.3

33crop association

35Competition for water2.5.4

CHAPTER 3: Materials and Methods

38Description of the experimental site3.1

40Soil sampling and analysis3.2

41Leaf sampling and analysis3.3

42Experiment I, 1993/94 and 1994/95 seasons3.4

423.4.1 Treatments and Experimental design

483.4.2 Land preparation

3.4.3 Sweetpotato measurements 51

3.4.4 Bean measurements 52

Experiment II, 1994/95 and 1995/96 seasons 533.5

3.5.1 Treatment and Experimental design 54

593.6 General measurements

593.6.1 Leaf area index

593.6.2 Light interception by crops



vi

3.6.3 Crop growth rate (CGR) 60

Assessment of competition, Aggressivity and Yield3.7

Advantages in Sweetpotato/bean association 61

613.7.1 Competition ratio (CR)

623.7.2 Aggressivity coefficient (AC)

623.7.3 Land Equivalent Ratio (LER)

633.7.4 Area Time Equivalent ratio (ATER)

643.7.5 Economic Evaluation

CHAPTER 4: Results

Soil physical and chemical characteristics at the4.1

65experimental sites

Experiment I. Compatibility of different sweetpotato4.2

and bean morphotypes grown in association,

1993/94 and. .1994./.9.5. seasons. 65

4.2.1 Photosynthetically active radiation (PAR)

interception 65

4.2.2 Sweetpotato growth 68

4.2.3 Sweetpotato yield and yield components 76

89Bean growth4.3

4.3.1 Common bean plant diseases 97

974.3.2 Bean yield and yield components

4.3.3 Sweetpotato/bean intercrop productivity 106

I



vii

4.3.4 Competition between sweetpotato and bean 109

4.3.5 Aggressivity coefficient (AC) 115

4.4.0 Land use efficiency in sweetpotato/bean

118association

1224.4.1 Monetary equivalent ratio (MER)

4.5.0 Experiment II. Effects of sweetpotato spatial arrangement

and population density on the performance of sweetpotato

in sweetpotato/bean association (1994/95 and 1995/96) 122

1224.5.1 Photosynthetically active radiation interception

1264.5.2 Sweetpotato growth

4.5.3 Sweetpotato yield and yield

133components

4.6.0 Bean growth 1 51

4.6.1 Common bean plant diseases 1 57

4.6.2 Bean yield and yield components 157

4.7.0 Sweetpotato/bean intercrop productivity 168

4.7.1 Competition between sweetpotato and bean 168

4.7.2 Aggressivity coefficients (AC) 178

4.7.3 Land use efficiency in sweetpotato/bean

association 181

4.7.4 Monetary equivalent ratio (MER) 181

4.8.0 Foliar nutrient levels in sweetpotato and

bean at 45 DAP 187



viii

4.8.1 Soil nutrient uptake under sweetpotato/bean

191association

194CHAPTER 5. Discussion

CHAPTER 6: Summary, Conclusion

220and Recommendation

229REFERENCES

257APPENDICES

L



ix

LIST OF TABLES

Table Page

Weather characteristics during experimentation periods1

for three seasons at Namulonge Agricultural and Animal

Production Research Institute (NAARI),

39Kampala, Uganda

Morphological characteristics of eight local sweetpotato2

44genotypes evaluated

Storage root characteristics of eight local sweetpotato3

45

4 Morphological characteristics of improved bean genotypes

evaluated 46

5 A matrix of treatment combinations (intercrops)

and control (sole crops), 1993/94 and 1994/95

cropping seasons [Experiment I] 47

genotypes evaluated
A



X

The historical cropping patterns of the experimental6

sites at Namulonge Agricultural and Animal Production

Research Institute 49

Spatial arrangement and population density for7

58sweetpotato in association with beans

A matrix of treatment combinations (intercrops) and8

control (sole crop), 1994/95 and 1995/96 cropping

58seasons [Experiment II]

Physical and chemical characteristics of the soil at the9

experimental sites, Namulonge Agricultural and Animal

Production Research Institute, Kampala, Uganda 66

10 Effects of intercropping different sweetpotato

and bean genotypes on photosynthetically active

radiation (PAR) interception (1993/94 and 1994/95) 67

11 Effects of sweetpotato morphotypes on sweetpotato

vine length and growth rate (1993/94) 69

I



xi

Effects of sweetpotato and bean morphotypes on12

sweetpotato vine length and vine growth rate in

70sweetpotato/bean association (1994/95)

Effects of sweetpotato plant types on sweetpotato dry13

matter accumulation (DMA) in sweetpotato,

731993/94 and 1994/95 cropping seasons

Effects of intercropping on crop growth rate (CGR) in14

74sweetpotato, 1993/94 and 1994/95 cropping seasons . . .

Effects of intercropping on sweetpotato leaf area1 5

75index (LAI) (1993/94 and 1994/95)

16 Performance of eight sweetpotato genotypes when

intercropped with bean, 1993/94 cropping season 82

17 Performance of six sweetpotato genotypes when

intercropped with bean, 1 994/95 cropping season 83

18 Effects of sweetpotato and bean morphotypes on the

performance of sweetpotato in sweetpotato/bean

84association, 1993/94 cropping season

i



I

xii

Effects of sweetpotato and bean morphotypes on the19

performance of sweetpotato in a sweetpotato/bean

85association, 1994/95 cropping season

Levels of significance from analysis of variance and20

contrasts in yield and yield components of eight

sweetpotato and four bean genotypes (1993/94)

86[Experiment I] .

Levels of significance from analysis of variance and21

contrasts in sweetpotato yield and yield components in

mixtures of six sweetpotato and two bean genotypes

87(1994/95) [Experiment I]

22 Yield response of different sweetpotato genotypes to

different bean genotypes in sweetpotato/bean

association, 1993/94 and 1994/95 cropping seasons .... 88

23 Effects of intercropping on bean plant height in

sweetpotato/bean association, 1993/94 and 1994/95

91cropping seasons



xiii

Effects of intercropping on bean dry matter accumulation24

92(DMA), 1993/94 and 1994/95 cropping seasons

Effects of intercropping on bean crop growth rate (CGR),25

931993/94 and 1994/95 cropping seasons

Effects of intercropping on bean leaf area index (LAI)26

95(1993/94) .

Effects of intercropping on bean leaf area index (LAI)27

96(1994/95)

Effects of intercropping on bean yield and yield28

101components 1 993/94 and 1 994/95 cropping seasons . . .

Effects of intercropping different sweetpotato29

and bean morphotypes on the performance of bean

1021 993/94 cropping season

Effects of intercropping different sweetpotato30

and bean morphotypes on the performance of bean

1031994/95 cropping season

I



Levels of significance from analysis of variance and31

contrasts in bean yield and yield components in mixtures

of eight sweetpotato and four bean genotypes,

1041993/94 cropping season

Yield response of different bean genotypes to32

different sweetpotato genotypes in sweetpotato/bean

105association, 1993/94 and 1994/95 cropping season . .

Sweetpotato/bean intercrop productivity 1993/9433

107cropping season

Sweetpotato/bean intercrop productivity34

1081994/95 cropping season

Competitive abilities of sweetpotato genotypes in35

sweetpotato/bean association 1993/94 cropping

110season

36 Competitive abilities of sweetpotato genotypes

in sweetpotato/bean association, 1994/95 cropping

111season

x.



XV

Competitive abilities of bean genotypes in37

sweetpotato/bean association, 1993/94 and

1121994/95 cropping seasons

Relative yields (RY) of bean and sweetpotato in38

sweetpotato/bean association, 1 993/94 cropping

113season

Relative yields (RY) of bean and sweetpotato in39

sweetpotato/bean association, 1994/95 cropping

114season

Aggressivity coefficient (AC) in sweetpotato/bean40

115association, 1993/94 cropping season

Aggressivity coefficient (AC) in sweetpotato/bean41

117association, 1994/95 cropping season

Land equivalent ratio (LER) in sweetpotato/bean42

association, 1 993/94 cropping season 119

Land equivalent ratio (LER) in sweetpotato/bean43

association, 1994/95 cropping season 120

■



I

xv i

Area time equivalent ratio (ATER) for sweetpotato/bean44

association, 1993/94 and 1994/95 cropping seasons . . 121

Monetary equivalent ratio for sweetpotato and bean45

in a sweetpotato/bean association, 1993/94 and

1231994/95

Monetary equivalent ratios (MERS) under various46

combinations of sweetpotato and bean genotypes in a

sweetpotato/bean association, 1993/94 and 1994/95

124cropping season

Effects of sweetpotato spatial arrangement and47

plant population density on photosynthetically active

radiation (PAR) interception interception in

125sweetpotato/bean association 1995/96

48 Effects of sweetpotato spatial arrangement and

population density on sweetpotato vine growth

in sweetpotato/bean association, 1994/95 127



I

xvii

Effects of sweetpotato spatial arrangement and49

population density on sweetpotato vine growth

in sweetpotato/bean association, 1995/96 cropping

128season

Effect of sweetpotato spatial arrangement and50

population density on the performance of

sweetpotato in sweetpotato/bean association,

1341994/95 cropping season

Effect of sweetpotato spatial arrangement and51

population density on the performance of sweetpotato

in sweetpotato/bean association, 1995/96 cropping

135season

52 Levels of significance from analysis of variance and

contrasts in yield and yield components of sweetpotato in

mixtures with bean and three sweetpotato genotypes,

two spatial arrangements and four sweetpotato

population densities 1994/95 [Experiment II] 139



xviii

Levels of significance from analysis of variance and53

contrasts in yield and yield components of sweetpotato in

mixtures with bean and three sweetpotato genotypes,

two spatial arrangement and four sweetpotato population

140densities 1995/96 [Experiment II]

Effects of sweetpotato spatial arrangement and54

population density on bean plant height in

sweetpotato/bean association, 1994/95 cropping

152season

Effects of sweetpotato spatial arrangement and55

population density on bean plant height in

sweetpotato/bean association, 1 995/96 cropping

153season

56 Effect of sweetpotato spatial arrangement and

population density on the performance of bean in

sweetpotato/bean association, 1 994/95 cropping

160season



xix

Effect of sweetpotato spatial arrangement and plant57

population density on the performance of bean in

sweetpotato /bean association, 1995/96 cropping

161season

Levels of significance from analysis of variance and58

contrasts in bean yield and yield components in

mixtures with three sweetpotato genotypes,

two spatial arrangements and four sweetpotato

165population densities 1994/95 [Experiment II]

Levels of significance for analysis of variance and59

contrasts in bean yield and yield components in

mixtures with three sweetpotato genotypes, two

spatial arrangements and four sweetpotato population

166densities 1995/96 [Experiment II]

Sweetpotato/bean intercrop productivity, 1994/9560

and 1995/96 cropping seasons . 170

Effects of sweetpotato spatial arrangement and plant61

population density on competitive abilities of

. . 171sweetpotato and bean, 1994/95 cropping season . .



XX

Effects of sweetpotato spatial arrangement and plant62

population density on competitive abilities of sweetpotato

bean in sweetpotato/bean association, 1995/96and

172cropping season

Relative Yields (RY) and Land equivalent Ratios (LER) in63

sweetpotato/bean association, 1994/95 and

1771995/96 cropping seasons

Aggressivity Coefficient (AC) in Sweetpotato/bean64

180association, 1994/95 and 1995/96 seasons

Area Time Equivalent Ratio (ATER) in sweetpotato/bean65

183association, 1994/95 and 1995/96 cropping seasons . .

66 Effects of sweetpotato spatial arrangement and

population density on relative monetary equivalent

ratio (MER) in sweetpotato/bean association,

1994/95 cropping season 184

Effects of sweetpotato spatial arrangement and67

population density on relative monetary equivalent

ratio (MER) in sweetpotato/bean association,

1995/96 cropping season 185



I

xx i

Effects of sweetpotato spatial arrangement and68

population density on monetary equivalent

ratio (MER) in sweetpotato/bean association,

1861994/95 and 1995/96 cropping seasons

Competition ratios, relative yields, and land use69

efficiency in sweetpotato/bean cropping systems during

four cropping seasons under the Namulonge conditions . . 188

Effects of intercropping sweetpotato with beans on70

foliar nutrient concentration in sweetpotato and bean

190crops at 45 DAP (1995/96)

71 Effects of intercropping sweetpotato with beans on soil

nutrient levels prior to planting, during growth and at

bean and sweetpotato harvest (1995/96) 192



xxii

LIST OF FIGURES

Figure Page

Spatial arrangement of sweetpotato1

and bean crop rows in intercropped and sole-cropped

50situations .

Spatial arrangement of sweetpotato and bean crop2

rows in mixtures-single row of sweetpotato and

56double rows of bean

Spatial arrangement of sweetpotato and bean crop3

rows in mixtures-double rows of sweetpotato and

bean 57

Effects of sweetpotato spatial arrangement and4

population density on sweetpotato dry matter weight . . . 131

5 Changes in sweetpotato LAI with sweetpotao

population density 132

6 Effects of sweetpotato spatial arrangement and

population density on sweetpotato storage root

quality-number of marketable roots/plot 137



I

xxiii

Effects of sweetpotato spatial arrangement and7

population density on sweetpotato storage root

quality-number of unmarketable roots/plot 138

Effects of sweetpotato spatial arrangement and8

population density on storage root size distribution

- average weight of marketable root (g/root) 144

Effects of sweetpotato spatial arrangement and9

population density on storage root size distribution

-average weight of unmarketable root (g/root) 145

Effects of sweetpotato spatial arrangement and10

population density on total fresh root yield 147

1 1 Effects of sweetpotato spatial arrangement and

population density on bean dry matter weight 1 54

Changes in bean LAI with sweetpotato population12

density 156

13 Effects of sweetpotato spatial arrangement and

population density on number of seeds per plant 162



I

xxiv

14 Effects of sweetpotato spatial arrangement and

population density on bean seed yield 167

Sweetpotato at low population density with CR of1 5a

2.12 against 0.61 for bean. Bean competed favourably

174with sweetpotato

Sweetpotato at moderately low population density15b

with CR of 3.22 against 0.42 for bean. Bean competed

174well with sweetpotato

Sweetpotato at its optimum population density in1 6a

mixtures with bean. Sweetpotato dominating with

CR of 5.38 against 0.24 for bean 175

16b Sweetpotato at high population density dominating

over bean with a CR of 5.3 against 0.24 for bean . . 175

17a Tororo 3, the most competitive sweetpotato genotype.

It mixes more intimately with bean 176

17b Sweetpotato genotype Bwanjule growing away from bean

in order to recieve better interception of

photosynthetically active radiation 176



XXV

LIST OF APPENDICES

Appendix Page

1 Sweetpotato and Bean World production

trend 257

Map of Uganda showing the distribution of2

258sweetpotato production by district

Map of Uganda showing the distribution of3

259sweetpotato productivity by district

Map of Uganda showing the distribution of bean4

production by district 260

5 Map of Uganda showing the distribution of bean

productivity by district 261

6 Percentage contribution of major Food crops to

Total Food Crop Tonnage 262

7 Importance of Association of sweetpotato with

283othar oropa In aevan diatrlota in Uganda



I

xxv i

8 An outline of analysis of variance table for sweetpotato

and bean attributes (1993/94 cropping season)

264[Experiment I]

An outline of analysis of variance table for9

sweetpotato and bean attributes (1994/95 and 1995/96

265cropping season) [Experiment II]

An outline of the combined analysis of variance table10

for sweetpotato and bean attributes over seasons

(1993/94 and 1994/95) cropping seasons)

266[Experiment I]

An outline of the combined analysis of variance table1 1

for sweetpotato and bean attributes over seasons

(1994/95 and 1995/96 cropping seasons [Experiment!!] . 267

12 Levels of significance from combined analysis of

variance and contrasts for sweetpotato yield and yield

components in sweetpotato/bean association

(1993/94 and 1994/95) [Experiment I] 268



xxv ii

13 Levels of significance from combined analysis of

variance for bean yield and yield components in

sweetpotato/bean association (1993/94 and

269(1994/95) [Experiment I]

Levels of significance from combined analysis of14

variance and contrasts for sweetpotato yield and yield

components in sweetpotato/bean association

270(1994/95 and 1995/96) [Experiment II]

Levels of significance from combined analysis of15

variance and contrasts for bean yields and yield

components in sweetpotato/bean association

(1994/95 and 1995/96) [Experiment II] 271

16 Correlation coefficients (r) of foliar nutrient content

in bean with soil available nutrients at 45 DAP 272

17 Correlation coefficients (r) of foliar nutrient content

in sweetpotato with soil available nutrients at 45 DAP . . 273

18 Correlation coefficients (r) among soil nutrient

levels and bean seed yield at bean harvest 274



xxviii

Correlation coefficients (r) among available soil nutrient19

275levels and sweetpotato root yield at sweetpotato harvest

-



xxix

ACKNOWLEDGEMENTS

number of people without whose

assistance and cooperation the task would not have been completed.

I am particularly indebted to Professor D.S.O. Osiru (major supervisor)

and Professor J.C.M.Ddungu (second supervisor) of the Department of

Makerere University, Kampala not only for theirCrop Science,

supervision, advice, constructive criticisms but also their active interest

in the research.

International Potato Center(CIP) for his interest, advice, criticism and

moral support. I am thankful to Professor James Oehmke of Michigan

State University for his advice on statistics and Dr. C.S. Wortmann for

his advice and technical support.

Nganga, the former Regionalheavily indebted Dr.S.to

Representative, CIP for his administrative support in soliciting funds to

undertake this study; Dr.P.T.Ewell, the RegionalCIPcurrent

Representative for his continued effort in soliciting funds to see this

study completed. I wish to thank Professor J.K.Mukiibi, Director

General, National Agricultural Research Organization.(NARO) and Dr.T.

Sengooba, the Director of Research, Namulonge Agricultural and

Livestock Research Institute (NAAR1) and Mr.D.R.Akimanzi, National

Coordinator, National Potato Research and Development Program for

their administrative support.

i

I am

I wish to acknowledge a

I wish to thank Dr. Ted Carey, Regional Sweetpotato Breeder,



I

XXX

wish to thank all sweetpotato sub-program staff for their moral

support. Finally, I am greatly indebted to my wife and children for their

patience and encouragement. Above all, I thank Almighty God for his

guidance throughout the study period.



xxx i

ABSTRACT

Intercropping of sweetpotato with beans is common in highly

populated medium and high altitude areas of Uganda. Both sweetpotato

and bean are crops on which abundant research information is available.

However, knowledge is still lacking on how the two crops interact yvhen

grown in the proximity of each other. This problem was addressed by

conducting two sets of sweetpotato/bean intercropping experiments

Production Research Institute (NAARI), Kampala. The first experiment

compatibility of differentaimed sweetpotato

morphotypes with bean of different growth types. It consisted of eight

sweetpotato genotypes (Wagabolige, Entry 20, Entry 21, Bitambi, Tororo

3, New Kawogo and Tanzania) and four bean genotypes (White Haricot,

MMS 224, A 197, and GLP 585) in the 1993/94 season with the

objective to study the compatibility of the mixtures.

In the 1 994/95 season, six sweetpotato genotypes (Wagabolige, Bitambi,

Tororo 3, New Kawogo and Tanzania) and two bean genotypes (White

Haricot and GLP 585) were used. In both seasons double rows of bean

were planted with double rows of sweetpotato at densities of about

440,000 and 33,333 plants/ha for bean and sweetpotato, respectively,

in a split plot design in four replications. The second experiment aimed

at determining the effects of spatial arrangements and plant population

density of sweetpotato on the productivity of the components.

between 1993 and 1995 at Namulonge Agricultural and Animal

at evaluating the



xxx ii

It consisted of one bean genotype (White Haricot); three sweetpotato

3);Tororo spatialgenotypes (Wagabolige, Bwanjule and two

arrangements (single and double rows) and four sweetpotato plant

densities (1 6,666; 22,222; 33,333 and 66,666 plants/ha). Double rows

of bean were planted with either single or double rows of sweetpotato

Growth and yieldin

measurements were done at 4 WAP and continued at two weeks

interval. Beans and sweetpotato were harvested at three and six MAP,

respectively.

Light interception efficiency increased by an average of 8.1% of

intercropping in all plant types except the spreading type. Bean plant

height and leaf area indices of both species were also reduced by

intercropping. Sweetpotato LAI increased with increase inan

sweetpotato population while bean LAI increased with an increase in

plant height and number of primary branches.

Storage root yield was increased by intercropping in the first

experiment by an average of 23.1%,of the sole crop yield, but was

reduced by an average of 22% in the second experiment. Bean yield

was reduced by an average of 40.7% and 54% in the first and second

experiments, respectively. The most compatible sweetpotato and bean

morphotypes for intercropping relative to their respective sole crop yield

was the erect and the determinate types, respectively.

I

a split-split plot design in. three replications.

the sole crop. Sweetpotato vine growth rate was reduced by
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In the first experiment the highest productivity of 30.1 t/ha and 28.4 t/ha

were produced in mixtures with genotype Wagabolige in 1993/94 and

1994/95 season, respectively.

In 1994/95 and 1995/96 cropping seasons (experiment II), the

highest productivity of 15.7 t/ha and 20.1 t/ha, respectively -were

achieved at 66,666 plants/ha. Bean yields were low accounting for only

1995/96,1.5% of the productivity in 1994/95 and2.4% and

respectively. Generally bean yields were highest with a sweetpotato

population of 22,222 plants/ha.

The competitive ability of bean was higher in single row than

but declined with increase in sweetpotato density.

Sweetpotato had lower competitive ability in single row than double

rows.

Mean land equivalent ratios (LER) were 1.60 and 1.32 and mean

LER + ATER (area time equivalent ratio) were 1.33 and 1.53 for

1 993/94 and 1 994/95, respectively. In 1 994/95 and 1 995/96 the mean

LER were 1.38 and 1.22 with average LER + ATER of 1.38 and 1.21,

respectively. These values indicate that sweetpotato/bean association

is biologically sound.

In monetary terms, sweetpotato/bean association is economically

sound because mean monetary equivalent ratios (MER) were 1.60 and

1.15 for experiment one and two, respectively.

I

double rows
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Mixtures of sweetpotato and bean have higher nutrient demand than

when they were grown in pure stands, with sweetpotato demand

exceeding that of bean.



CHAPTER 1

INTRODUCTION

In Uganda, sweetpotato (Ipomoea batatas (L.) Lam) and common bean

(Phaseolus vulgaris L.) are important subsistence or food security crops for both

rural and urban households. The crops are grown largely by small holder farmers

particularly women for subsistence, rural employment and cash income. Also,

sweetpotato vines are important source of animal feeds and in the wetter areas

they are continuously fed to livestock.

Sweetpotato is the third most important starchy staple food after bananas

(Musa spp) and cassava (Manihot esculenta Crantz). In areas where cassava yield

Similarly, in areas where banana yields are low due to the effect of the Black

Sigatoka disease (Mycosphaerella musicola) and banana weevils (Cosmopolites

sordidus (Germar), sweetpotato production has increased significantly (Bashaasha

et al. 1995).

Sweetpotato production is mainly concentrated in the densely populated,

mid. altitude regions between 1000-2000 meters above sea level where other

agricultural activities are also concentrated, therefore, it occasionally competes

with other crops for land resources necessitating intercropping or relay cropping.

Between 1986-1988, 1,699,000 t were produced and per capita production

of sweetpotato was 95.4 kg/year (FAO, 1989).

(ACMVD), sweetpotato has become an important substitute to cassava.

has declined due to the epidemics of African Cassava Mosaic Virus Disease
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Per capita production is higher in western Uganda. Average annual growth in

sweetpotato production between 1970-72 and 1980-88 was 2% and production has

continued to increase steadily (FAO, 1994).

Sweetpotato has a short-medium growth duration (4-6 months). It can be

grown throughout the year in Central Uganda (particularly around the Lake

Victoria Crescent) because of year round distribution of rainfall. Two crops of

sweetpotato are possible in areas with bimodal rainfall regime. Optimum rainfall

of between 750-1000 mm annually with about 500 mm falling during the growing

period is required for good sweetpotato production. The crop thrives in well-

drained sandy loam soils of pH 5.6-6.6 found in many areas of Uganda.

Although sweetpotato can withstand drought conditions, yields are reduced if the

drought occurs within the first six weeks after planting (Onwueme, 1978).

The common bean (Phaseolus vulgaris L) is the major source of plant

protein in rural human diets especially for the middle and lower income people

consumption and for market, particularly in the densely populated, intensively

cultivated areas. Harvesting of fresh beans allows farmers to extend the period

in which households can secure food from bean plantings. Purely commercial

bean production is not common because of seed quality problems associated with

excessive rainfall (Male-Kanyiwa, 1991). However, some farmers have

specialized in bean production for export to Rwanda and Burundi. Both area and

yield fluctuate depending on weather conditions but acreage of bean exceeds that

and occasionally maize and millet (Rubaihayo et al., 1973).

i

of other grain legumes. It is exceeded only by bananas, sweetpotatoes, cassava

due to its low cost. It is grown by millions of small-scale farmers for home
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Bean production for 1992-1994 was estimated at 432,000 t and production

was 17.7 kg/capita/year (Grisley and Mwesigwe, 1991). Average annual growth

in the production of bean between 1970-72 and 1986-1988 was 1.6% and

production has continued to increase steadily (FAO, 1994). Bean is grown during

both rainy seasons while limited production occurs off-season in hydromorphic

areas.

The maturity periods for bean vary with agro-ecological zones. In the short grass

land of northern Uganda bean matures at 87 days after planting (DAP), and in

eastern Uganda, at 96 DAP. In central and western regions dominated by the tall

grasslands zone bean matures at 95 and 109 DAP, respectively (Mukasa, 1961).

The variations in maturity period is particularly important with respect to timing

the planting date in relation to moisture availability, harvesting time in relation

to dry weather and also selection of suitable crop species for intercropping.

In densely populated areas intercropping of bean with other crops is important

mainly because of land pressure but in areas where land pressure is not a

constraint, beans are intercropped in order to have a diversity of crops and to

improve labor use efficiency.

The most common intercrops used in sweetpotato-based cropping systems

are legumes such as beans (Phaseolus vulgaris), groundnut (Arachis hypogea),

green gram (Vigina aureus)-, cereals such as maize (Zea mays), sorghum

(Sorghum vulgare) and root crops such as cassava (Manihot esculenta Crantz).

Sweetpotato is also inter-planted with perennial crops such as coffee (Coffea

arabica and Coffea robusta) and bananas (Musa spp).

Intercropping of sweetpotato and bean is common in traditional agricultural
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systems in several African countries including Uganda, Ethiopia, Rwanda,

Burundi, Zaire, western Kenya and North western Tanzania (Ewell and

Kirkby,1990). Sweetpotato has a short-medium growth cycle and is suited for

intercropping with crops with shorter growing periods of 3-4 months such as

bean, green gram, groundnut and early maturing maize varieties. These crops

mature when sweetpotato crop is in the second phase of its growth which occurs

The different growthfrom 9.5-16 WAP (Onwueme, 1978; Woolfe, 1992).

patterns of sweetpotato and bean cause their time of peak demand on resources

This complementarity can give better temporal use of resourcesto differ.

(Willey, 1979a).

The advantages of intercropping long cycle crops with short cycle crops have

been demonstrated (Willey and Osiru, 1972; Osiru and Willey, 1972; Fisher,

1977). Quirol et al. (1985) reported that intercropping sweetpotato with legumes

was 3.5 times more profitable than sole cropping.

Various crop combinations are used by farmers. In most cases the yields

of the component crops are low probably due to the use of unimproved crop

varieties and inappropriate planting patterns and densities. These factors directly

influence utilization of environmental resources (Leihner, 1983; Willey, 1979 a).

Sweetpotato and bean differ morphologically and architecturally which

may influence their competitive abilities for growth resources. Within each crop,

significant genotypic differences exist, which contribute to the differences in both

above and below ground competition. The spatial arrangement and plant density

of component crops also contribute to competition.

Sweetpotato requires much radiation while beans are relatively shade
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tolerant (Wortmann et al., 1991). Therefore, above ground competition may be

reported to be more suitable for intercropping than others (AVRDC, 1989).

Information is scarce on temporal and spatial planting patterns and population

density effects on root competition for moisture and nutrients in intercropping

(Sanchez, 1976).

Three sweetpotato varieties responded differently to intercropping with cassava,

bean and maize (UNRTCP, 1985) which led to the tentative conclusion that

sweetpotato was more compatible with bean and maize than with cassava, and

some sweetpotato varieties were more suited than others for intercropping.

Bashaasha et al. (1995) reported that associating sweetpotato with beans was the

most popular sweetpotato-based intercropping system in Uganda, particularly in

densely populated regions but the association has not been much studied by

research.

However, intercropping increased sweetpotato storage root yields in one study

(Ocitti p’Obwoya and Smit, 1995).

The traditional practice is predominantly mixed intercropping in which more than

pattern. Results of a Rapid Rural Appraisal (RRA) study in Mpigi district in

central Uganda showed that 80% (n=100) of farmers intercrop sweetpotato with

bean irrespective of their morphotypes. It is likely that the total population and

planting arrangements used by farmers in this system are below the optimum, and

practical way to improve the productivity of sweetpotato/bean intercrop would be

important for light. In Taiwan, some soybean and sweetpotato genotypes were

one genotype of bean and sweetpotato are planted in clusters with no definite

the associated genotypes may be incompatible. Thus the simplest and more
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the use of appropriate planting arrangement, suitable genotypes and optimum

plant population density.

The main objectives of these studies were:

To evaluate the compatibility of selected sweetpotato morphotypes with1.

selected bean morphotypes in sweetpotato/bean intercrops; and

To determine the effects of spatial arrangements and plant population2.

density of sweetpotato on the productivity of the association.



CHAPTER 2

LITERATURE REVIEW

Intercropping and its importance in Subsistence Farming2.1

Intercropping can be defined as the growing of two or more crops simultaneously

on the same area of land. The crops are not necessarily sown at the same time

and their harvest time may be quite different, but they are usually simultaneous

for a significant part of their growing periods. There is intercrop competition

during all or part of the crop growth and farmers manage more than one crop at

a time in the same field (Willey, 1979 a).

Intercropping has been recognized as a very common practice throughout

the developing tropics particularly in areas of high rainfall where temperature and

moisture are favourable for year round crop production. In India its importance

was highlighted almost 30 years ago in a comprehensive review by Alyer (1949).

Historically, it was regarded as a primitive practice which would give way to sole

cropping as a natural and inevitable consequences of agricultural development.

However, now it has been realized that intercropping has some unique advantages

due to which it would continue to be practised for a long time to come (Amon,

1972; Dalrymple, 1971; Francis, 1975; Norman, 1974; Okigbo and Greenland,

1976).
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Though the history of intercropping is old, it is only during the 1970s that the

concept has received serious research attention.

Research from sole crops can not readily be applied in intercropping situations.

It is also recognized that the existing intercropping systems are relatively cheap

and thus more appropriate to resource poor farmers.

The merits and demerits of intercropping have been documented by several

workers (Osiru and Willey, 1972; Willey and Osiru, 1972; Fisher, 1975; Okigbo

and Greenland, 1975; Willey, 1979a; Willey and Rao, 1980). Recent evidence

suggests that the advantages of intercropping can be substantial and important

advantages from intercropping are as follows:

Greater stability of yield over different seasons. This is of particular(i)

importance to small holder resource poor farmers because it can help to

ensure food security if one crop fails or grows poorly, the other

component crops can compensate. Such compensation is not possible if

the crops are grown separately.

Assures the farmer a regular and gradual supply of food as the season(ii)

balanced nutrition.

As long as improved varieties of crops are used, the total yield from a(iii)

progresses and guarantees a regular supply of different crops to ensure

because they are achieved by simply growing crops together. The suggested
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given area may well be higher than when a single crop is planted.

More dry matter is produced per unit area of land than under sole(iv)

cropping and

A mixture of several crops with different growth habits, root systems and(v)

demands on soil may enable the best use to be made of the soil nutrients,

light and rainfall and thus provide the maximum return from land

cultivated.

These advantages have resulted in more demand for reliable information on

improved and more productive intercropping system. However, mixed cropping

crop production technologies. While it is true that most modem technologies

have been developed for sole cropping systems, possibilities exist for such

technologies to be applied to mixed cropping systems, although modifications of

the technology, the system or both may be necessary (FAO, 1991).

La-Anyae (1985) pointed out that African farmers choose a cropping

pattern that could lead to the achievement of specific subsistence and financial

goals. As long as agriculture is dominated by the resource poor small holder

farmers with the hoe as the only farm tool, there is no technical reason for sole

cropping and intercropping is likely to retain it’s importance, for the foreseeable

future (Steiner, 1984). This is likely to be more so in tropical African agriculture

which is characterized by small holder farmers and where intercropping or mixed

cropping predominates (Okigbo, 1978).

Specific intercropping systems have developed over centuries in the

or intercropping has been considered incompatible with advanced and modem
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different regions and have adapted to the prevailing agro-climatic and soil

However, the ratio between areas under sole and mixed cropsconditions.

depends on factors such as ecological zone, farm size and crop species (Okigbo,

1978).

The socio-cultural and ecolo-economic conditions have led to different cropping

systems within the zone. The traditional farming systems take the forms of mixed

intercropping which is the growing of two or more crops simultaneously with no

distinct row arrangement. Row intercropping and alternate strip intercropping are

not common except where animals or tractors are used in cultivation (Okigbo,

1978).

Jameson (1970) estimated the importance of intercropping in traditional

agriculture in Uganda by the following proportion of crops grown in association

with others; maize 80%, bean 81%, pigeon peas 76%, cow peas 61.8%, sesame

51%, coffee 62% and groundnut 56%. However, with the introduction of new,

non-traditional cash crops such as soybean, sunflower, rice, solanum potato and

the rapid increase in human population, intercropping has become more intensive

as more

than two crops are grown together as arable land becomes fragmented and

subjected to continuous cultivation.

Inevitably the original farming and cropping systems and patterns have changed.

normal traditional farm practice that has been in existence since time immemorial

but due to the prevailing socio-economic circumstances farmers have recognized

Small holder farmers have been practising intercropping basically to follow a
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that intercropping can maximize returns to the most limiting resources such as

land and labour.

Sweetpotato and bean in Tropical Agriculture2.2

Sweetpotato (Jpomoea batatas (L.) Lam.) is a polymorphic dicotyledonous

America (Hahn, 1977a; Yen, 1982). It is a perennial plant but is usually grown

It is grown over a wide range of environmentsenvironment and cultivar.

between latitudes 40° N and 40° S of the equator, and between sea level and 2300

m above sea level. It is well adapted to several farm production systems and its

production is world wide and widespread. About 80% of world production is

from Asia (China), 15% from Africa and 5% from the rest of the world (Horton,

1988).

The crop grows in a wide range of soils and even on poor, acid soils it can give

satisfactory yields. Although grown in areas with high rainfall, it cannot

withstand water-logging conditions. It is relatively tolerant to drought.

The common dry or field bean (Phaseolus vulgaris L.) is a polymorphic

species showing considerable variations in growth habit, vegetative characters,

flower colour and size, shape and colour of both seeds and pods. Beans appear

to be a relatively recent introduction to Africa from the Americas. Purseglove

the East Africa coast. Common bean is adapted to both temperate and tropical

(1969) reported that they were brought by Spanish and Portuguese travellers to

as an annual crop. It has a growing period of 3-7 months, depending on the

species belonging to the family Convulaceae. It is a plant native to tropical
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climates. In Africa production is concentrated in the cool highlands of central

and tropical Eastern Africa lying between 800-2300 m above sea level where

volcanic soils but does not lend itself to acidic soils with pH 4.2 or below.

Mean temperatures in principal areas of bean production ranges from 16 to 24°C.

Annual precipitation is in the range of 500-2000 mm with a bimodal distribution

in eastern Africa. However, a minimum of 400-800 mm is required for the drier

Sweetpotato and bean production has been increasingbean growing areas.

steadily (Appendix I).

2.2.1 Sweetpotato and bean cultivation in Uganda

Sweetpotato was well established as an important crop of Uganda at the

time of the establishment of the British administration. The crop entered Uganda

from both east and western parts of the African continent (Greenway, 1944).

Winter (1955) pointed out that the crop was traditionally grown in appreciable

quantities by the isolated Aruba tribe and Konjo of the Rwenzori slopes.

Sweetpotato cultivation spread to northern Uganda during the early part of this

century (Drisberg, 1923).

Today sweetpotato is an important crop that fits well in the farming and food

systems of Uganda. It ranks third among starchy staple crops after cassava and

banana.

Uganda leads Africa in production and is the fourth in the world producing

1.7 million metric tons annually on over 500,000 hectares. Sweetpotatoes are the

beans are the most important pulse crop. The crop can grow well in fertile
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most widely cultivated and evenly spread of all the major Ugandan food crops

(Appendices 2 & 3) because they store well in the soil, withstand extreme

weather conditions and yield well in marginal soils. Most farmers plant more

than five varieties with varied maturity periods enabling harvest all year round.

Small plots are utilized, mainly on upland areas during growing season, and on

valley bottoms for the off season crop (Bashaasha et aZ.,1995).

Sweetpotatoes are more concentrated in the south-east of the interior plateau and

in the south western highlands than in the highly populated Lake Victoria and

mount Elgon regions. The crop has been introduced to some areas in Karamoja.

Areas planted in Kabale is high, and the district leads in production but yields are

reported to be declining due to deteriorating soil fertility (Bashaasha et al., 1995).

This is partly due to high population pressure, poor crop and land resource

management systems and heavy reliance on low yielding, disease and pest

tonnage was about 11.4% on average (MAAIF, 1994) (Appendix 6).

The crop is propagated from vine cuttings which are planted either on mounds,

the most common type of seed bed, except in the highland areas of Kabale,

Kabarole and Arua, where both mounds and ridges are used. Ridges are

commonly used on hill slopes and are extensively used in the highland areas

where ridging reduces soil erosion, and improves moisture conservation. Use of

ridges is also becoming important in low land areas because of low labour

demand and easy to make (Ocitti p’Obwoya, 1990). Plant density per mound

varies from one location to another and sometimes from farmer to another

depending on availability of planting materials and the traditional practices in

I

susceptible land races. The contribution of sweetpotato to the total food crop
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place. However, 3-4 vine cuttings per mound is the common practice (Bashaasha

et al.,1995).

The average mound is 30-45 cm in radius, and 50-60 cm in height, and is placed

90-120 cm apart, depending on the soil type. Vine cuttings may be planted either

together in a cluster in the centre of the mound or separately in a triangular or

rectangular form. In areas where sweetpotato is planted on ridges measuring SO-

45 cm high and 90-120 cm apart, vine cuttings are planted 25-30 cm between

plants in single or double rows.

The type of land allocated for sweetpotato cultivation varies among

farmers. On average 51.3% use fertile land while 20.4% use infertile, poor land

and 15% use newly opened fallow land (n=344).

Use of fertile soil may occasionally result in good yield but the risk of getting low

yield is high as too much vegetative growth may occur at the expense of storage

root development and enlargement (Bashaasha et al., 1995).

The common bean is an important source of protein and calories in human

diets in the tropical and sub tropical developing countries, particularly in the

Americas accounting for 47 %, and Eastern and Southern Africa accounting for

47% and 6%, respectively of world bean production. The immature pod is also

one of the most widely eaten green vegetables in the world (Laing et al., 1984).

Common beans are one of the crops grown widely in Uganda. It plays a very

significant role as source of protein in the diets of both urban and rural

households.

It is not known exactly when bean arrived in Uganda, but it has been estimated
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that it arrived in the 18

bean in Uganda and serious bean production began in the 1920’s with most of the

introductions of new lines made

then (Mukasa, 1970). Since 1916 the bean acreage has consistently exceeded that

of other leguminous crops grown in the country (Rubaihayo et al., 1981). The

common bean is widely grown since farmers plant beans on any type of soil and

the crop does well except on highly acid soils (Mukasa, 1970) (Appendices 4-5).

Uganda ranks second after Kenya in bean production in Eastern Africa (Londono

et al., 1981). In areas where rainfall is high or distributed throughout the year,

farmers plant beans whenever they feel there will be sufficient moisture for the

Buganda, Busoga, Western region and Lango. In drier areas yields are rather

low ranging between 181.8-227.3 kg/ha. The crop contributes about 2.5% on

average to total food crop tonnage (MAAIF, 1994) (Appendix 6).

In the western highlands of Uganda sweetpotato is the third most important

crop after finger millet or sorghum and cassava. In these areas sweetpotato is

planted as the major crop occasionally in pure stands but in most cases

intercropped with beans and sometimes sparsely intercropped with maize and

cassava (Appendix. 7).

In the southern and western tall grassland zone sweetpotato is second after

bananas. Other important crops in this zone are cassava, maize and finger millet.

In the highland areas of south western region sweetpotato follows a fallow period

or is next to last or last in the rotation system. In the east the crop is grown after

millet while in the north and some parts of the east it is the third after cassava,

I

* century. Snowden (1913) reported the cultivation of

crop. Yields as high as 272.7-318.2 kg/ha are obtainable in wetter parts of
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a generally poor and un acceptable cropping pattern which may culminate in poor

yield and soil degradation. In southern and western regions sweetpotato is used

to open up fallow land and then put back as a last crop, or is the second after

maize and bean. In the drier or semi arid rangelands sweetpotato is the third in

the rotation after cassava or millet. Cropping systems may vary from one farmer

to another and across locations. Each farm household formulates its own cropping

system based on its resource endowments, experiences and priorities (Bashaasha

et al. , 1995). Beans are one of the crops within the subsistence farming systems

practised throughout Uganda.

In Uganda, an estimated 75 to 90 percent of beans are grown in association on

small farms (Osiru, 1982). The most common intercrop with beans is maize.

Bean/banana or bean/coffee associations predominate in some areas. Other

companion crops include sweetpotato, peas, cassava, yam, cocoyam, potato and

groundnut.

Beans are normally planted in fields which have been previously used for other

crops and it is only when beans are intercropped with other crops that they get

a chance to grow on newly opened land (Rubaihayo et al., 1981). The spacing

used in intercropping varies with the crop genotypes. Bean cultivars with a bush

type architecture are generally preferred for intercropping because they do not

intertwine with associated crops (Kisakye, 1991).

planted on mounds or in the interspace between mounds. In western Uganda

especially in Kabale district beans are haphazardly planted in between the

sweetpotato rows on ridges (Bashaasha et al., 1995; Rubaihayo et al., 1981).

In bean/sweetpotato association, the bean seeds may just be broadcasted or
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When beans are intercropped with maize, cassava, coffee or banana, they are

primarily planted as cover crops in the inter spaces (Kisakye, 1991).

2.2.2 Sweetpotato and bean cropping calendar

season for planting is usually around March/April in most areas of Uganda. Peak

Two crops of sweetpotato areharvesting occurs from June to September.

possible in the south western Uganda because of the bimodal rainfall regime,

while in northern, eastern, some parts of southern, central, north western and

western Uganda only one crop of sweetpotato is possible due to a single rainfall

pattern. In most parts of Uganda sweetpotato and beans are planted at the same

time (Bashaasha et al., 1995).

Two crops of beans a year are possible in areas with bimodal rainfall regime.

The first rain bean crop is normally planted between March and April and

harvested between June and July, while the second rain crop is planted between

August and September and harvested between November and December.

Many farmers stagger the planting of bean because they want to avoid the heavy

rains which can reduce yields. The staggered planting may also be related to

household labour availability.

Since beans are rarely planted in pure stands, planting time seems to be under the

influence of the main crop in the intercrop (Kisakye, 1991).

The planting and harvesting times of sweetpotatoes are flexible. The peak
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2.2.3 Sweetpotato and bean production constraints

Sweetpotato production is constrained by the shortage of clean and healthy

planting materials, poor crop management practices such as poor seed bed

preparation, low plant density, lack of appropriate intercropping system, untimely

planting, weeding and harvesting. Weevils (Cylas spp), butter fly (Acraea

acerata.') larvae and sweetpotato mosaic virus disease complex, root rot and

erinose also reduce sweetpotato yield.

The socio-economic constraints include poor marketing organization, low produce

price, shortage of labour, poor infrastructure and total lack of storage and

packaging facilities, lack of knowledge on processing techniques and lower

profitability (Bashaasha et al., 1995)

As observed by Allen et al. (1989), wide variability of production

conditions results in a wealth of diversity in cropping systems as well as

agronomic constraints to bean production.

There are a number of constraints which limit bean yields throughout Africa,

although the order of their severity varies significantly over short distances

(Kirkby, 1990). These include soil fertility problems which are increasing in

importance with increasing pressure on land resources. Seasonal labour shortages

also limit bean yields on mixed farms, as farmers can not find time to weed

thoroughly and perform other key operations in a timely manner. About 20 bean

diseases have so far been identified (Rubaihayo et al., 1981), important among



19

bacterialthem commonare;

campestris.var., bean common mosaic virus (bean virus), Anthracnose and

Angular leaf spot disease (ALS). These cause widespread damage.

Igram et al., (1970) listed important bean pests in Uganda. These include the

bean aphids (Apis fabae), bean fly (Melanogromyza spp), pod borers (Muruca spp

and Heliothis spp), bean weevils (Bruchids and Acanthoscelides).

Within the household, a major problem is that bean takes a long time to cook.

Fuel wood is a scarce resource in densely populated regions and in urban areas.

However, research effort is being put by CIAT and the Uganda National Bean

Program to develop faster cooking varieties and improved cooking methods

(Desert, 1987).

Sweetpotato genotypes for intercropping2.3

A number of sweetpotato genotypes with varied plant types, growth habits,

vigour, vine length, leaf outline, lobes, leaf number, shape, size and petiole

These morphotypes may influence the performance oflength are available.

intercrops in terms of the efficiency in resource utilization.

The sweetpotato varieties with erect growth habit, depending on the morphotypes

may cause more or less shade to a low growing intercrop like common bean than

those with spreading or semi-compact growth habit. Other factors such as leaf

shape, size, petiole length and orientation, also participate in determining

competition for light.

Willey (1979 a,b) has summarized data from multiple sources which showed that

blight (CBB) caused by Xanthomonas
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substantial yield increases were associated with difference in the maturity periods

of components of intercrop system. Components which differ in leaf

competitions for light and soil factors, respectively. Based on this, it is therefore

imperative to identify sweetpotato and bean morphotypes for mixed cropping

since the behaviour of these components in mixtures can not easily be predicted

from that of the sole crops.

Several studies have been conducted in an attempt to identify suitable

component genotypes for intercropping. Semu and Jana (1975) intercropped 12

varieties of soybean with maize to study the effects on growth and yields of both

crops in pure stand and when intercropped. The results showed that soybean yield

May and

Misangu (1982) evaluated 20 genotypes of green gram, 20 genotypes of sesame

and 9 genotypes of sunflower in four cropping systems. Yield differences existed

among genotypes of each crop evaluated. However, genotype x cropping system

interaction was not significant.

Makena and Doto (1982) evaluated 20 soybean varieties under four

cropping systems involving maize, sorghum, millet and sole soybean.

Intercropping hastened flowering and maturity, decreased number of productive

pods/plant, seed weight and grain yield. They concluded that different varieties

may have to be recommended for different cropping systems. Osiru (1982) found

that early maturing bean varieties produced better yields in mixture with maize

than medium or late maturing varieties.

AVRDC (1989) in a study to evaluate different leguminous crops and

was decreased by 63% while maize yield decreased by only 8%.

arrangements and rooting systems may experience less shoot and root



21

examine their planting time relative to that of sweetpotato-based intercropping

systems showed that there were significant effects of legume genotypes on

sweetpotato yield and concluded that suitable genotypes and appropriate relative

planting time should be identified to maximize the yield advantage of the

intercrop.

Hoang et al. (1991) identified 10 sweetpotato varieties which were suitable

for intercropping with maize at different planting densities. Villareal (1982) in a

study to determine if genetic criteria could be used for selecting sweetpotato

genotypes for relay cropping reported significant differences in root and top yield,

number and average size of marketable roots due to cropping system. They

concluded that some genotypes appeared better adapted to relay cropping and

exhibited little yield loss, minimum reduction in root number and least gain in

vine weight over root weight.

Cruz et al. (1992) in a study to determine the agronomic and economic

advantages of intercropping sweetpotato and potato reported that yields of both

crops were enhanced, while the land equivalent ratio (LER) and the profitability

intercrops. All sweetpotato varieties tested were equally suitable for

intercropping with potato.

Information on the effects of sweetpotato and bean plant types or genotypes on

each others seem to be scanty. However, it is assumed that common bean might

perform well under certain sweetpotato genotypes because of the different growth

habits and morphotypes of sweetpotato and the shade tolerance characteristic in

bean genotypes (Wortmann et al., 1991).

were increased, an indication that potato and sweetpotato are compatible as
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Plant population and spatial arrangement in intercrops2.4

The main reason often advanced for yield advantages of intercropping is

greater utilization of environmental resources; light, nutrients and moisture, due

Both plant density and spatial arrangements seemcrops (Willey, 1979 a).

important in intercropping.

Willey (1979 b) defined plant population as the number of plants per unit area,

which determines the size of the area available to the individual plant. Spatial

arrangement defines the pattern of distribution of plants over the ground, which

determines the shape of the area available to the individual plant. For crops

arranged in rows, spatial arrangements can be concisely defined by the

rectangularity (ratio of the inter-row spacing to the intra-row spacing) (Holliday,

1963).

When different crop species are grown in mixtures, they compete for growth

This competition may be reduced either by lowering the plantresources.

population and/or adjusting the spatial arrangement.

Willey (1979 b) observed that where intercropping resulted in yield

advantage, the total population (all components) optimum may be higher than that

of either sole crop. Advantages from population increases are most likely where

component crops have large temporal differences in growth patterns. Studies with

80-90 day cereals and 150-180 day pigeon pea suggest that both components

should be at their full sole crop optimum to ensure efficient use of early resources

to marked differences in height, root depths and growth cycles of component
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(Freyman and Venkateswarlu, 1977). The component population (each

component) mainly determine how much of the final yield is contributed by each

component.

It has often been suggested that to get maximum benefit from any complementary

effects, crops should be as intimately associated as possible (Andrews, 1972).

But there have also been reports of no effects where increasing intimacy has

decreased yield (Evan, 1960). For example Osiru (1974) found that in alternate

row arrangements of sorghum genotypes of different heights, the shorter

genotypes grew very poorly and overall yield decreased. In less intimate

arrangements the shorter genotypes yielded better and yield advantages occurred.

Willey and Osiru (1972) and Osiru and Willey (1972), Fisher (1977) and

Spitter (1983) reported that mixtures of maize/bean, sorghum/bean, and

maize/groundnut, respectively, all required higher total populations than sole

crops to produce maximum yields. In northern Tanzania Evans (1960) found that

over a wide range of plant populations intercropping maize or sorghum with

groundnut generally led to greater overall production per unit area than sole

crops.

Herbert et al. (1984) intercropped maize and soybean in various planting

6-32 % lower than the yields per row of soybean in pure stands. However, the

compared to yield per row of pure stand of maize and compensated for the

reduced dry matter of soybeans.

I

patterns and found that dry matter yields per row of intercropped soybean were

In Egypt Galal et al. (1980) found that maize and soybeans planted on

dry matter yield per row of intercropped maize was increased by 21-53%
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alternating ridges increased the percentage of harvested maize plants, number of

ears/plant and grain weight/ear. Grain yields of intercropped maize were 25-30%

30-50% higher in soybean grown in pure stand than in mixtures. Seed yields

were also more than 50% greater in sole soybean than in mixtures.

efficiency was not improved by intercropping maize and soybean at various

patterns.

They observed that although maize yields were significantly increased in some

combinations, accompanying yields of soybean were always reduced to the extent

that more of the combinations made significant different use of the land than sole

cropping. In Zimbabwe, Beets (1978) also found that the grain yields of both

maize and soybean in different spatial arrangements were reduced, although the

LER values (1.02-1.23) were higher than those of sole crops.

Leihner (1983) noted that with an increment in cassava population, the

yield of intercropped bean was reduced, and recommended a plant density of

6900-9300 plants/ha for acceptable yields of intercropped bean.

Thung and Cock (1979) showed that for cassava/bean systems optimum densities

for sole cropping was also suited for intercropping and changing the plant

arrangements did not have any effect. Samui et al. (1984) found that dry weight,

leaf area index, crop growth rate and net assimilation of intercropped groundnut

and sunflowers were better than sole crops when one row of groundnut alternated

with one row of sunflower. From the available information there are indications

that varying plant population and spatial arrangements of intercrops

higher than those grown in pure stands. Numbers of pod and seed /plant were

Crookston and Hill (1979) concluded that in Minnesota, land use
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generally, either causes a positive or a negative effect on the yields of the

component crops.

arrangements, planting configuration, plant density and population pressure and

concluded that intercropping produces higher yields provided soil moisture

conditions are kept at an adequate level, particularly in semi-arid areas. This may

be attributed to better utilization of soil resources from combined exploitation of

different areas of the soil as a result of differences in rooting depths of component

crops. Also, different growth cycles of the component crops produced a greater

overall utilization of resources although as pointed out by Andrews (1972), this

factor is likely to be of more importance under longer growing season. Cruz et

al. (1992) reported that when sweetpotato intercropped in alternate single row

beds of potato with 75 cm between rows, the two are compatible as intercrops.

However, when planted too close, sweetpotato competed for nutrients with potato.

The large canopy and long vines produced by sweetpotato covered potato during

the tuber bulking stage and reduced potato growth and yield.

Carandang and Curayang (1989) reported that legume intercrops planted

in single and double rows between rows of sweetpotato generally did not vary for

plant height, dry matter yield and grain yield.

Vine lengths and number of marketable and un marketable roots of sweetpotato

under different cropping systems also did not vary significantly. Information on

yield was not indicated. In a similar study in which two sweetpotato genotypes

were intercropped with three grain legumes, mungbean (Var MI-4), black grain

(Var MI-I) and cowpea Var (TYX 1850 OE), the highest significant sweetpotato

FAO (1991) summarized data from many sources on different spatial
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yield reduction of 30-45% was recorded in crop combination with cowpea,

irrespective of sweetpotato genotypes and season of cultivation.

Mungbean reduced sweetpotato yield by only 7-25% (Premaratne and

The significant reduction in sweetpotato yield whenPremanchandra, 1990).

grown in association with cowpea might be attributable to the fact that the

sweetpotato genotypes used were not suitable and therefore not compatible with

The cowpea seemed to be a more competitive legume crop thancowpea.

The effects of legumes on sweetpotatomungbean and the black grain.

performance was not discussed.

Sitompul et al. (1984) reported that alternation in sweetpotato plant density

on the same ridge with cassava did not significantly affect the yield of cassava.

Ndibaza (1987) reported that the plant arrangement of sweetpotato grown in

association with cassava on the same ridge affected both the growth and yield of

cassava and sweetpotato. Cassava intercropped with double rows of sweetpotato

performed better than that grown with only single row. Fisher (1977) compared

the productivity of maize/bean and maize/sweetpotato mixtures in alternate rows

and found that both mixtures yielded higher than sole crops. Dai et al. (1991)

reported a decrease in the sweetpotato fresh root yield and yield components with

increased maize population. Davis et al. (1984) reported that in general, there

is some yield loss of sweetpotato in sweetpotato/bean association.

reduced by intercropping with taller crops, which intercept light, although it is

known that some cultivars are more tolerant to shade (Moreno, 1982; Zara et al.,

1982).

Most of the literature seem to indicate that the yield of sweetpotato was
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Information on the effects of spatial arrangements and plant population of

sweetpotato on the performance of both sweetpotato and beans grown in

association seems to be scanty and imprecise.

Sweetpotato and beans differ in their rooting system, in maturity period and

growth habits.

Competition for growth resources2.5

Competition between plants or species is the response of individual plants

or species to their environment as modified by the presence of another plant or

species (Hall, 1974 a, b; Trenbath, 1974).

Differences in morphology and physiology between the components in intercrop,

and agronomic practices affect the nature of interactions among species and then-

use of resources (Trenbath, 1976; Martin and Snaydon, 1982). Competition

normally occurs when one or more growth factors are limiting. Trenbath (1974)

suggested a type of competition which he referred to as ’competitive interference’

which occurs when one or more growth factors are limiting.

In such cases the plant or species which is better equipped to utilize a growth

factor (the dominant species) increases its yield at the expense of the other plant

sharing of the resources, plants of one species will be more vigorous when in

association than in pure stand situations, while plants of the other species will be

correspondingly less vigorous. The higher yielding species is termed the

.suppressed or

I

"aggressor" or dominant and the other the "subordinate"

which suffers a yield decrease (the dominated species). As a result of uneven
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dominated (Donald, 1963; Huxley and Misangu, 1978; Willey, 1979 a). In this

kind of association the per plant relative yield (RY) of the dominant species is

behaviour is referred to as ’compensation’ and is the commonest in mixtures. In

component species for light (above groundintercropping, compete

resources),water and nutrients (below ground resources).

Research on intercropping systems principally focuses on how best these

resources can be utilized to produce higher component crop yields. Willey (1975)

observed that there could be situations where a given crop will actually grow

better in the presence of another crop than as a sole crop.

Usually yield advantage occurs because component crops differ in their use of

growth resources in such a way that when they are grown in combination they are

able to complement each other and so make better overall use of resources than

when grown separately.

In terms of competition this means that in some way the component crops are not

competing for the same overall resources and thus inter-crop competition is less

than intra-crop competition (Trenbath, 1974; Willey, 1979 a).

Maximizing intercropping advantages is therefore a matter of maximizing the

degree of complementarity between the components and minimizing inter-crop

competition. On this basis, intercropping advantages are more likely to occur

where the component crops are very different in some way. It is often argued that

the main way that complementarity can occur is when the growth patterns of the

resources at different times. This type of complementarily is said to give better

component crops differ in time so that the crops make their major demands on

greater than unity and that of the dominated species is less than unity. This
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Its importance is indicated by substantial yieldtemporal use of resources.

advantages that have occurred when there have been marked differences in the

maturity periods of component crops (Willey, 1979 a).

For example yield increase of 55% in 85-day bean/120 day sorghum (Osiru and

Willey, 1972), 38% in 85-day bean/120-day maize (Willey and Osiru, 1972), 30-

40% in 90-day maize/160-day rice; 80% in 85-day pearl millet/150-day sorghum

incomplementarity thatInformation1972).(Andrews, occurson

sweetpotato/bean association is scanty or not available.

Osiru and Willey (1976) reported yield increase of 25% in a maize/bean

association while Osiru and Kabira (1979) reported yield increase in

sorghum/pigeon pea and finger millet/groundnut mixtures and attributed the yield

increases to the differences in maturity periods of the component crops.

2.5.1 Competition for light

Light is an indispensable growth resource in crop production. It differs

from the other resources in that there is no reserve or other means from which

shadow on another, or can occur within the same plant when one leaf shades

another. The taller component will dominate the short one and intercept greater

amount of light (Stem and Donald, 1962). Willey and Roberts (1976) stressed

that sole crops are themselves usually capable of achieving a peak value of light

interception which leaves little scope for greater spatial interception by intercrops.

whether in intercrop or sole crop situation. It occurs when one plant casts its

demands could be met as required. Competition for light occurs in all crops
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Pendleton and Seif (1962) examined this effect by mixing maize genotypes of

different heights but no effect on yield was observed.

Osiru (1974) on the other hand, found 9% increase in sorghum yield from

intercropping genotypes of different heights. Evidence for useful improvement

in spatial use of light may be lacking because component crops studied have been

similar; where crop differences result in greater canopy differences, greater

improvement may be possible.

Through changes in leaf size, shape and angle, it is possible to alter

canopy characteristics. For example it is possible to have a sparse canopy, say

canopy and a more dense canopy, say compact legume for the lower intensities

There is also the possibility of combining crops which haveat the bottom.

different inherent responses to light. Thus the top of the canopy could consist of

a component with high light requirements and the bottom a component with a low

light requirements, e.g. a tall C4 crop combined with a short C3 crop (Crookston

and Kent 1976).

Willey and Roberts (1976) noted that in pigeon pea mixtures with either

sorghum or groundnut, there was a good early interception of light. However,

with millet/groundnut system there was no greater interception of light than would

former systems because of difference in maturity periods of the component crops.

Cock (1983) observed that in order to optimize light interception in crop mixtures

the choice of crops can be on the basis of morphology, relative growth duration,

plant pattern or geometry and plant density. Even within species canopy

J

an erect sweetpotato plant type, for the high light intensities at the top of the

be achieved by growing the crops separately. Light was better utilized in the
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architecture such as erect, spreading, semi-compact growth habits may influence

light interception.

Sweetpotato and bean are C3 plants which have relatively low light energy

requirements. However, sweetpotato requires more light than bean. Sweetpotato

and bean mixtures might have a better light interception efficiency than would be

achieved by growing the crops separately because of the growth habits of the two

crop species.

2.5.2 Competition for Nutrients

Greater uptake of nutrients by intercrops have been reported by several

workers (Dalal, 1974; Kassam and Stockinger, 1975; Hall, 1974 a, b; Wahua,

1983). It is often claimed as the basic cause of yield increase.

However, Willey (1979 a) cautioned that it was impossible to determine the cause

or effect. Trenbath (1974) attributed yield advantages in some mixtures of oat

varieties to the possibility that component crops may exploit different soil layers,

thus in combination they may exploit greater total volume of soil.

avoidance" of different root systems. This is simply the tendency for a crop to

avoid areas that have already been depleted of resources by an associated crop.

But such avoidance presumably also occurs between roots of the same species,

so it is doubtful if this can be regarded as a general advantage of intercropping.

Thus there is evidence from a number of studies that a deeper rooting component

may be forced even deeper by the presence of a shallow rooting component,

Such differences in rooting patterns could occur because of the "mutual
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Whittington and O’Brien (1968). However, roots of at least some crops

intermingle freely (Lai and Lawton, 1962).

Hall (1974 b) showed that by calculating the relative yield totals (RYT)

which is essentially the same as land equivalent ratio (LER) of Trenbath (1974)

and crowding coefficients which is synonymous to competition ratio (CR) (Willey

and Rao, 1980) for individual nutrients and comparing these with comparable

values for total dry matter, nutrient use efficiency in intercropping can be

determined.

If a RYT for a nutrient is less than that for the total dry matter, this probably

indicates that the nutrient is being exploited less well than other resources by

intercropping, and it may well be limiting the intercropping response. A higher

value probably indicates that the nutrient is being better exploited by

intercropping and is not limiting. This analysis assumes however, that differences

in competition for different nutrients will be reflected in the differences in

nutrient contents in the crop.

Hall (1974 a) used this analysis to show that there was some complementary use

of nitrogen in two grass-legume mixtures.

Another possibility for yield advantage of intercropping is that even where

growing periods are similar, component crops may have their peak demands for

nutrients at different stages of growth, a temporal effect which may help to ensure

that demand does not exceed the rate at which nutrients can be supplied. Another

temporal effect could occur where nutrients released from one crop as a result of

senescence of plant parts are made available to another crop, (Willey, 1979 a).

Component crops may also differ in the type of nutrients they require and in their

I
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ability to extract them from the soil.

Sweetpotato and bean mixtures might benefit because the adventitious roots of

sweetpotato may grow as deep as 2 meters (Woolfe, 1992) and only 12-15 cm for

bean (Laing et al., 1984), thus the rooting depth and pattern in sweetpotato and

sweetpotato and bean crop species are also likely to be different.

2.5.3 Symbiotic N2 fixation in iegume/non legume crop

association.

One of the reasons for intercropping legumes with non-legumes is that the

legumes may obtain much of their nitrogen requirements by fixing atmospheric

nitrogen, thus conserve soil N for the subsequent crop or the intercrop. Legumes

can supply N to associated non-legumes by excretion of soluble amino acids from

living roots or from decaying roots and herbage, Vallis (1979). Wilson and Wyss

(1937), Walker et al (1954) have suggested that N excretion could be enhanced

by shading but this may only be important after good growth has already been

made under high light condition. Where legumes are continuously shaded their

overall capacity for nitrogen fixation is likely to be impaired.

However, Wahua and Miller (1978) showed that when soybeans were

intercropped with tall sorghum, nitrogen fixation was reduced by more than 98%

due to shading. In mixture with short sorghum, soybean fixed more nitrogen than

in sole crop.

It was concluded that possibly sorghum produced some chemical substances which

bean differ greatly. The demands for growth resources at different stages of
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stimulated soybean to fix more nitrogen.

Agboola and Fayemi (1972), Misra and Misra (1975) concluded that legumes

could not benefit associated non-legumes over the same growing period but rather

Their investigations showed that cowpeaduring subsequent plantings.

intercropped with maize did not benefit the early maize crop, but as green gram

matures they were important source of nitrogen for maize in the late cropping

yield of the subsequent maize crop.

In India, under rain-fed conditions, sorghum inter-planted with five

different legumes consistently out-yielded sole sorghum, Singh (1977). The yield

advantages ranged from 8% with soybean to 34% with cowpeas for fodder.

Nitrogen contribution to intercropped maize has been estimated to be 40 kg/ha for

groundnut and 25 kg/ha from mungbean.

In Zaire, Breth (1978) found that Crotalaria in rotation with maize raised

yields from about 5.0 to 9.0 t/ha, a yield that in the absence of the legume would

need 180 kg N and 120 kg P/ha. In Nigeria, Jones (1974) reported that maize

following groundnut significantly out-yielded maize following sorghum or

cowpea.

In other experiments, maize/groundnut in northern Nigeria, Kassam (1972),

maize/soybean in East Africa, Finlay (1975), maize/bean in Colombia, CIAT

(1974), and maize/cowpea in Nigeria, Wien and Nangju (1976), less pronounced

yield advantages have been observed.

With regard to the efficiency of the fixation process, Thomson (1977) reported

an apparent increase in nodule number and weight on soybean grown with maize,

season. The residual effects were the opposite, cowpea had greater effect on the
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although results were not statistically significant. His explanation for this was

that the cereals depleted soil nitrogen, thus stimulating nitrogen fixation. If this

is a real effect, it would seem to be a genuine advantage of intercropping.

Willey (1979 b) stressed that the only situation in which conclusions can really

be drawn is where the presence of the legume produces a greater yield of non­

legume than achieved in sole cropping.

Information on N contribution to intercropped sweetpotato by bean crop is scanty.

An assumption can be made that symbiotic relationship exists between the two

crops. Sweetpotato might benefit from N fixed by a bean crop and the nutrients

that might be re-cycled from the decomposing bean crop residues because bean

matures in about 90 days and is harvested leaving sweetpotato in the field for

another 80-90 days. On the other hand, bean might also benefit from N fixed by

associated nitrogen-fixing bacteria of the Azospirillum genus, supposed to be

found in association with the roots of sweetpotato (Hill et al., 1983).

2.5.4 Competition for water

Water is the most limiting factor in the semi-arid zones. Baker and

Norman (1975) suggested that better water use was probably a common cause of

yield advantages of intercropping in semi-arid tropical areas.

Kassam (1973) in Nigeria showed that in the early stages of growth of a maize

crop there was water surplus to requirement. He suggested that an early

intercrop such as millet would help to utilize this and so improve water use

efficiency (WUE). In sweetpotato/bean association evidence for better WUE is

J
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scanty. However, it is reasonable to assumed that sweetpotato/bean association

would have greater WUE because bean is an early intercrop while sweetpotato is

is the mat layer effect when low growing plants such as legumes are intercropped

with spreading or semi-compact and erect sweetpotato or pumpkins or water

melons. There is tendency for the old leaves to fall under the crop and form a

mat layer which helps to reduce evaporation from the soil surface and preserves

soil moisture for use by the crops.

At ICRISAT (1977) in sorghum/pigeon pea studies, intercropping

produced greater yields of dry matter during the period of sorghum growth, but

total water use was unchanged; thus water appeared to be used more efficiently.

Willey and Reddy (1981) have, however, suggested that the main determinant of

important in determining competition balance of the crops.

Information available indicate that generally, a genotype within a crop

species responded differently when grown in mixtures with a genotype from

another crop species. Planting arrangements and plant population densities are

crucial factors in facilitating growth resource utilization and efficiency.

Therefore the performance of crops grown in association depend on the

interactions that may occur during crop growth. A considerable research effort

has been put in understanding the performance of sweetpotato and leguminous

crops when grown in association. However, research gap still exists in the

knowledge of as to what sweetpotato and bean morphotypes are compatible and

are therefore suitable for intercropping, and if so, what would be the most

a late intercrop. Another possible reason for the better WUE with intercropping

yield advantage was above ground interaction, where as root interaction were
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appropriate planting arrangement and population density which would minimize

inter-intra specific competition for growth resources and enhance efficient

compatible sweetpotato and bean morphotypes for intercropping and to establish

the appropriate planting arrangement and population density for sweetpotato/bean

cropping system.

utilization of the resources. The present study therefore aims at identifying



CHAPTER 3

MATERIALS AND METHODS

Description of the experimental sites.3.1

The field research was conducted between September 1993 and December

1995 at Namulonge Agricultural and Animal Production Research Institute

(NAARI). Namulonge is situated in the south central part of Uganda about 23

km north of Kampala (altitude, 1150 m above sea level; 0° 32’N; 32° 35’E).

The low undulating land scape has predominantly ferralitic sandy loam, sandy

clay loam and clay loam soils of the Namulonge Deep Red series derived from

parent materials consisting of solid rock of mixed igneous and metamorphic

slopes, laterite on small hill tops, and alluvium in valleys. The soils are

classified as fine, kaolinitic, isohyperthermic Rhodic kandiudalf with pH 5.6-6.0,

well drained with moderately rapid permeability, and with no measurable erosion

hazards (David and Eswaran, 1990). The Udic moisture regime (1270 mm) is

October/November. The weather conditions during the study period are

summarized (Table 1).

material. The soils are formed in residuum from quartzite and gneiss on side

bimodal with peak periods in April/May and September/October or
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There was no marked variability in the onset and secession of rain during 1993

and 1994 cropping seasons. The deviation from the annual mean (1270 mm) was

14.8% and 24.4% less during 1993 and 1995 cropping seasons, respectively,

normal dry month of July shifted to September, thus the first rain was longer than

usual. Temperatures did not vary much across years.

3.2 Soil sampling and analysis

The soil was sampled prior to ploughing, and again from each

experimental plot at 2 MAP, and at bean and sweetpotato harvests (3 and 6 MAP,

respectively). At each sampling the techniques described by Tisdale et al. (1985)

were adopted.

Samples taken prior to ploughing consisted of 40 cores from each experimental

separately before mixing them to form a composite sample.

Ten sample cores were taken from each experimental plot and were treated

the same way. All the soil analysis were done at the Department of Soil Science

Laboratory, Makerere University.

The analysis for the particle size was done by the hydrometer method using

calgon (sodium hexametephosphate) solution 10% as a dispersion agent, and

drops of amyl alcohol to remove the froth.

The soil pH measurements were made using the electro- conductivity method,

while 1994 received 15.3% more rain. During 1995/96 cropping season the

field using the auger at a depth of 0-25 cm. The samples were sun dried
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Sulpheric acid and aqueous potassium dichromate (K2 Cr2 O7) mixture was used.

Total N and P were determined by a Kjeldahl digestive procedure (Okalebo et al.

,1993). N content was estimated by the calorimetric methods. Exchangeable

potassium (K) and sodium (Na) were determined photometrically by comparing

the intensities of radiation emitted K and Na atoms with respect to a series of

Calcium (Ca) and magnesium (Mg) were determined bystandard solutions.

atomic absorption spectroscopy by comparing the absorbencies of Ca and Mg

atoms with respect to a series of standard solution. Lanthanum was added as a

releasing agent to prevent formation of refractory compounds, which may

interfere with the results.

3.3 Leaf sampling and analysis

Bean and sweetpotato leaves were sampled at 45 DAP, from randomly

selected plants in each experimental plot. For both bean and sweetpotato 50 well-

expanded leaves were picked per plot from below the third leaf from the shoot.

The samples were oven-dried to constant weight at 70 °C and stored in a cool dry

place and were analyzed at Makerere University, Soil Science Department

Laboratory for foliar N, P, K, Na, Ca, and Mg.
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Experiment 1. Compatibility of different sweetpotato and bean3.4

morphotypes when grown in association (1993/94 and 1994/95 seasons)

This experiment was conducted during the second rains of 1993 to

evaluate the compatibility of the selected sweetpotato and bean morphotypes in

association.

3.4.1 Treatments and experimental design

Eight sweetpotato genotypes, namely Wagabolige, Bwanjule, Entry 20,

Entry 21, Tanzania, Bitambi, New Kawogo and Tororo 3 were used. These are

land races selected from 450 germplasm accessions maintained at NAARI. The

eight genotypes had been verified through multi-location and on-farm trials as

high yielding and pest and disease tolerant with high dry matter content, a

characteristic highly correlated to high storage root quality acceptable to

semi-compact and spreading (Huaman, 1992) (Tables 2 and 3). The four bean

genotypes used were, White Haricot, MMS 224, A 197 and GLP 585. The four

genotypes included released varieties and breeding lines from CIAT, Bean

chosen based on their morphotypes, yield potentials and acceptability in terms of

taste and quality.

The four fall into two plant types (Type 1 and 11) (Table 4).

A split-plot design of four replicates was used, where bean varieties were the

Program based at Kawanda Agricultural Research Institute (KARI). They were

consumers. The genotypes can be classified into three main plant types; erect,
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interaction effects and also to achieve greater precision on interaction than on

main effects. The sub-plot (7 m x 7 m) treatments were the eight sweetpotato

genotypes. Sole crops of both components were planted separately in a complete

1993/94 trial but with six sweetpotato genotypes; Wagabolige, Bwanjule,

dropped because of their poor performance in three agro-ecological zones where

the same experiment was also conducted during 1993/94 cropping season. Also

only two bean genotypes, White Haricot and GLP 585, were used. Genotypes

MMS 224 and A 197 were left out because of lack of sufficient seeds.

All together there were three cropping systems consisting of mixtures of

each sweetpotato genotype with each genotype of bean, sole sweetpotato stands

of each genotype and sole bean stands of each genotype. All possible treatment

combinations were used in this study giving a total of 32 and 12 treatment

combinations for experiments I and II, respectively (Table 5).

same experiment was repeated in 1994/95 season to validate the results of the

main plot treatments. The design was used in order to estimate both main and

randomized design (CRD) in three replications adjacent to the main trial. The

Tanzania, Bitambi, New kawogo and Tororo 3. Entry 20 and Entry 21 were
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Intercrops

Sweetpotato genotypesBean genotypes

NkTor 3

WH WHWHWH WHWHW. Haricot WH WH

MMS 224’

A 197’ A197 A197 A197 A197A197 A197A197A1 97

GLP 585

Control (sole-crops)

Sweetpotato genotypesBean genotypes

1993/94 =

1994/95

Table 5. A matrix of treatment combinations (intercrops) and control 
(sole-crops), 1993/94 and 1994/95 cropping seasons

Waga 
bolige

MMS 
224

GLP 
585

GLP
585

MMS 
224

GLP 
585

MMS 
224

MMS
224

GLP
585

1.
2.
3.
4.

Tanz­
ania

MMS 
224

GLP 
585

Bita- 
mbi

MMS
224

GLP
585

6. Bitambi
7. Newkawogo
8. Tororo 3

GLP
585

MMS
224

GLP
585

MMS 
224

Bwan 
-jule

Entry- 
21"

Entry- 
20"

= Bean and sweetpotato genotypes, respectively excluded during 1 994/95 
cropping season.

32 intercrop combinations
1 2 sole-crops
1 2 intercrop combinations
8 sole crops

Wagabolige 5. Entry 20 
Tanzania 
Entry 21 
Bwanjule

1. White Haricot (WH)
2. MMS 224
3. A 197
4. GLP 585
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3.4.2 Land preparation and crop management.

The first experiment was planted in a field which had been under fallow

and then under grass pasture (Sirato) and the second experiment was planted after

maize and groundnut, also after ley and grass pasture (Table 6). The bush was

the field ploughed, disced after two weeks to allow thrash toslashed and

decompose, and ridged. Ridges were 1 m apart.

Intercropped sweetpotato was spaced at 0.3 m within rows in double rows 0.6 m

apart. Beans were planted in double rows 0.5 m apart at 0.1 m between plants

within rows (Figure 1). Sole beans and sweetpotato were planted the same way

Clean and healthy sweetpotato planting materials wereas in the intercrop.

obtained from the sweetpotato multiplication fields at Namulonge Agricultural and

Animal Production Research Institute.
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Vine cuttings measuring 25-30 cm long from the apical point were planted two

days after cutting at a recommended population density of 33,333 plants/ha on the

20lh September 1993 and between 21-24 April, 1994 for first and second

experiment, respectively.

Beans were planted at the same time at a rate of 2 seeds per hole which was

immediately thinned to one plant per stand two weeks after first weeding leaving

about 440, 000 plants/ha. First weeding was done between two to three weeks

done manually using the hand hoe.

3.4.3 Sweetpotato measurements.

Treatment effects on vegetative growth of sweetpotato were assessed at 30

days after planting (DAP) and repeatedly assessed at an interval of 15 days until

75 DAP. Five plants per plot were randomly selected and tagged for vine growth

determination.

Ten plants were destructively sampled each time for biomass determination from

the ridges bordering the data area. The leaves were separated from the petioles

and vines, and the fresh weight of each plant part was recorded. These were then

oven-dried separately at 70 °C until constant dry weight.

The crop was harvested 6 months after planting (MAP) for each planting.

At harvest, plants in the net data plot ( 16 m2) were counted.

away

from both ends of the ridges to avoid border effects.

The four inner-most ridges were harvested, discarding three plants 1 m

after planting and subsequent weedings were done as required. Weeding was
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Vines were first harvested and weighed. The storage roots were then carefully

harvested using hand hoes, sorted into marketable and unmarketable sizes and the

There is no standard measurement for marketable andnumbers recorded.

unmarketable sizes because marketable and unmarketable sizes vary from one

location to another. For example, in India small sized storage roots are most

preferred by consumers (Pers. comm. 1992), while large roots are preferred in

Uganda.

In this study, all storage roots with diameter of 4.5 cm or more were considered

marketable. Root yields were weighed. Harvest indices percent (HI%), defined

were also calculated. The dry matter content (DMC %) of the storage roots was

determined by selecting mature, clean, weevil-free storage roots which were

washed, sliced and weighed for fresh weight. These were oven-dried at 70 °C

until constant dry weight.

3.4.4 Bean measurement

Treatment effects on vegetative growth and biomass production was

assessed at the same time and at the same interval as in sweetpotato.

Five plants were randomly selected and tagged for plant height measurement.

For destructive sampling, 10 plants were sampled and treated as with sweetpotato

samples. The bean crop was harvested at 3 MAP for each planting.

Plants 1 m away from the end of the ridges in the net data plots as in sweetpotato

as storage root yield/biological yield) x 100% and the shoot: root ratios were

calculated. Average weights of individual marketable and un marketable roots
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were discarded.

Disease incidence and severity, particularly common bacterial blight (CBB) and

angular leaf spot (ALS) were scored using a scale of 1-9 ( 1= no visible

symptom, 9= very severe symptom) at pod filling (R 8) and physiological

maturity (R 9) stages. The crops were hand harvested by uprooting the whole

stand. Harvesting was done in the morning to avoid shattering. The number of

plants harvested was recorded. The number of pods and primary branches per

number of seeds per pod was determined from the mean of a random sample of

10 pods. The number of seeds per plant was then calculated.

The harvested plants were sun dried separately, threshed, winnowed and seed

yield per plot recorded.

The 100 dry seed weight (100 DSW) was determined from a random sample of

100 seeds from each plot. The yield per hectare was calculated using the

relationship between number of plants harvested per plot, yield per plot, yield per

plant and data area harvested.

Experiment II: Effects of sweetpotato spatial arrangements and3.5

population density on the performance of sweetpotato and bean in a

sweetpotato/bean association (1994/95 and 1995/96 seasons)

This study was designed to determine the appropriate spatial arrangement

and population density of sweetpotato for optimum storage root and bean seed

yields when grown in association and to further examine the compatibility of

plant were determined from the mean of a random sample of 10 plants. The
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some sweetpotato and bean genotypes for sweetpotato/bean intercropping system.

3.5.1 Treatments and experimental design.

Three out of the original eight sweetpotato genotypes namely; Wagabolige,

Bwanjule and Tororo 3 were used. The three genotypes were selected based on

their performance in mixtures with bean. They also represent the three common

Only one bean genotype,morphotypes, erect, semi-compact and spreading.

mixtures with sweetpotato and availability of sufficient seeds.

There were four sweetpoptato population densities, three varieties and two spatial

arrangements evaluated in a split-split plot in a randomised complete block

(RCBD) design in three replications.

Sweetpotato genotypes, spatial arrangement, and population density were in the

main plot, sub-plot and sub-sub-plot factors, respectively. The plot size was 6

1995/96 experimental site had been under continuous cultivation and the trial

followed maize.

Sole crop plots for both bean and sweetpotato were planted in two replications,

adjacent to the intercropped plots.

There were four planting patterns: intercropped sweetpotato in double rows,

intercropped sweetpotato in single row, sole-cropped bean and sole-cropped

sweetpotato in single and double rows.

planted in the middle of the ridges at 15, 30, 45, and 60 cm spacings between

Single row sweetpotato crops were

White Haricot was used. It was also selected based on its good performance in

m x 6 m and 7 m x 7 m in 1994/95 and 1995/96 seasons, respectively. The
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plants (Figure 2). The double-row treatment were planted at 0.6 m between

rows, and 30, 60, 90, and 120 cm spacings between plants within rows.

Beans were planted in double rows at 0.5 m between rows between the double

rows of sweetpotato with 0.1 m between plants within rows. In the single row

arrangement, double rows of bean were planted sandwiching the sweetpotato

(Figures 3). The spatial arrangement and treatment combinations are presented

(Tables 7 and 8).

The 1994/95 experiment was planted between 27 April-4* May. Bean was

harvested 25-27th July, while sweetpotato was harvested between 28-30*

November. The 1995/96 experiment was planted between 17-20* April, 1995

and harvested between 17-20* July and 17-20*

October for bean and sweetpotato, respectively. At harvest, plants in the data

plot (20 m2) were counted. Observations were made as in experiment I and data

was analyzed using MSTATC for ANOVA (Appendices 8 and 9), correlation and

regression statistics.

Combined analysis over seasons was also performed to determine whether

(Appendices 10 and 11).

treatment main effects differ and season x treatment interactions effects exist
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Planting pattern

Crop

Sweetpotato

Bean

Sweetpotato

Double rowsSingle row

33.3 66.722.216.766.733.316.7 22.22

Table 7. Spatial arrangement and population density for sweetpotato in association 
with bean

Intercrops = 24 combinations: control = 24 sole-crops (sweetpotato) 
and 1 (bean)

TO3 +
WH

16,666
22,222
33,333
66,666 
440,000

TO3 + 
WH

Plant density
(plants/ha)

WB +
WH

TO3 + 
WH

WB + 
WH

TO3 + 
WH

1.0 x 0.60 
1.0 x 0.45 
1.0 x 0.30 
1.0 x 0.15
0.5 x 0.10

WB + 
WH

TO3 + 
WH

Single row Double rows 
spacing

(m)

TO3 + 
WH

1.0 x 1.20 
1.0 x 0.90 
1.0 x 0.60 
1.0 x 0.30
0.5 x 0.10

TO3 + 
WH

TO3 + 
WH

Table 8. A matrix of treatment combinations (intercrops) and control (sole-crops), 
1994/95 and 1995/96 seasons [Experiment II)

Tororo 
3 

(TO3)

WB + 
WH

BW + 
WH

WB+ ■ 
WH

BW + 
WH

Intercrops 
Sweetpotato population density 

('000' plants/ha) 
Planting pattern

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

WB + 
WH

Bwan- 
jule 
(BW)

Waga- 
bolige 
(WB)

WH = White Haricot (bean) at constant population density of 440,000 plt/ha 
WB, BW and TO3 = Wagabolige, Bwanjule and Tororo 3, respectively.
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3.6 General measurements.

3.6.1 Leaf Area Index

Leaf area index (LAI) defined as the area of green leaf surface per unit area of

land surface (Watson, 1947 a), was estimated using the punch disc method

(Watson, 1958). Expanded, green and healthy leaf lobes were selected from the

samples collected for growth analysis. The leaves were arranged in piles of 50

for easy punching using the cork bore of known diameter and discs produced.

The number of discs per sample per plot and fresh weights of discs and leaves

were recorded.

These were oven-dried at 70 °C until constant dry weight. The LAI was

estimated as follows:

LAI = A x L /(X x G),

area of discs which is the product of number ofWhere A = discs

and area of 1 disc.

L = total dry weight of leaves

X = dry weight of discs

G = area occupied by the leaves of sampled plants

3.6.2 Light interception by crops.

Light interception by crops was measured using a Sunflect Ceptometre

Model Sf-80 with 80 light sensors. The photosynthetically active radiation (PAR)
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determined by measuring the radiation falling on the crops (I) and radiation

penetrating the crops (A). PAR reading from an up-facing Ceptometer above the

canopy was measured by levelling the ceptometer with the internal bubble. Five

readings were taken per plot from different positions and the mean radiation was

calculated.

PAR below the canopy was estimated by positioning an up-facing Ceptometer

below the crop canopy. The probe was placed under the canopy below all the

leaves and readings taken from different positions in each experimental plot.

Readings were taken at 30 DAP and then at intervals of 15 days until 75 DAP.

This was done between 9.00 am and 11.00 am. Fractional total cropping system

light interception was estimated using the formula:

Radiation falling on sweetpotato and bean crop canopies.where I =

A = Radiation penetrating sweetpotato and bean

canopies.

Radiation reflected from the canopy and soil surface were estimated by a down­

facing Ceptometer, but was very little and negligible.

3.6.3 Crop growth rate (CGR)

In order to determine the dry matter accumulation in sweetpotato and bean

mixtures, CGR was calculated. CGR is the rate at which the dry weight of the

whole plant increases per unit area of land.

intercepted by crops in the different crop combinations and sole crops was

F = I-A/I x 100%,
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(g nr2 day’1). Hunt (1982) estimated CGR using the theoretical formula:

W2 -W, / P (T2 - TJ,CGR =

is the land area.

Assessment of Competition, Aggressivity and Yield Advantages in3.7

Sweetpotato/bean association

3.7.1 Competition Ratio (CR)

In order to assess the degree of competition between sweetpotato and bean

in the mixtures, CR was calculated according to Willey and Rao (1980) as :

CRX = AX / MX

AY/MY x sy/sx

Where AX and AY are the yields of crops X and Y in association; MX and MY

and sx by crop X.

The competition ratio for sweetpotato/bean association was estimated by using the

formula:-

CRx = Y a 
sp

are the respective sole crop yields; sy is the relative space occupied by crop Y

/ YsbYssP x SB / SSp

/ Y’b

Where Wj and W2 are dry weights of crop harvested at times T, and T2, and P
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= Yield of sweetpotato in associationWhere

= Yield of sweetpotato in sole stand

= Yield of bean in association

= Yield of bean in sole stand

= Relative space occupied by sweetpotato

= Relative space occupied by bean

3.7.2 Aggressivity Coefficient (AC)

Aggressivity coefficient is an index of the relative crowding coefficient

(McGilchrist, 1965 and Trenbath, 1971). It is defined essentially as LA-LB,

where LA= relative yield (RY) of A (Sweetpotato) and LB= RY of B (Bean).

3.7.3 Land Equivalent Ratio (LER)

Yield advantages were analyzed in terms of Land Equivalent Ratio

(LER) reviewed by Willey (1979a), Huxley and Maingu (1978), Mead and Willey

(1980).

LER is essentially the same as the Relative Yield Total (RYT) of Trenbath (1974)

and the Equivalent Areas or Ratio of Fisher (1977).

All the three are meant to express the relative land area under sole cropping that

is required to produce the yields achieved in mixtures. LER is the ratio of the

area needed under sole cropping at the same management level to give an equal

amount of yield. It is the sum of the fractions of the intercrops relative to their

$SP

Sb

Vs 1 B

Ya 1 B

Ys1 Sp

ya
1 Sp
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sole crop yields. LER values were estimated for intercrop combinations in the

sweetpotato/bean association using the formula:-

where,

= yield of sweetpotato grown in association

= yield of sole sweetpotato

= yield of bean grown in association

= yield of sole bean

Sweetpotato and bean differ in growth durations. Therefore to accommodate the

time factor, further assessment was made using a formula referred to as ATER

after (Hiesbsch and McCollum, 1978).

3.7.4 Area Time Equivalent Ratio (ATER)

ATER is defined as area time equivalent ratio.

ATER for sweetpotato/bean association was estimated by the formula

/ YsSp) + (YaB ZYsb) ( t mix Zt Sp)

t mixture = growth duration of the crop mixturewhere

= growth duration of sweetpotato in sole

cropping.

Ys1 B

Ya1 B

LER = (YaSp

ATER = (YaSp

Ys1 Sp

Y“* Sp

t Sp

I YsSp) + (YaB / Ysb)
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3.7.5 Economic Evaluation

The economic evaluation of intercropping is an assessment of the

productivity of the system using the farmer’s criteria, which depends on the

farmer’s objectives for producing the crops. For the purpose of this study the

economic assessment for sweetpotato/bean association was based on the fact that

the majority of subsistence farmers in Uganda produce sweetpotato and bean

Monetary equivalent ratiomainly for home consumption and cash income.

(MER) also called income equivalent ratio (IER) (Adetiloye, 1989) was used to

evaluate the economic benefits from intercropping sweetpotato and bean if they

were grown for sale.

MER is the ratio of the area needed under sole cropping to produce the same

gross income as unit area of intercropping at the same management level.

MER is the conversion of LER into monetary terms. MER was estimated using

the formula:-

intercrop fresh marketable root yield of sweetpotatowhere yx =

intercrop dry seed yield of beany2 =

sole crop fresh marketable root yield of sweetpotato

market price per kilogram of marketable roots of sweetpotato.

market price per kilogram of dry bean seed.P2 =

Yx =

P. =

MER = (Px x yx 4- P2 x yj /Px Yx



CHAPTER 4

RESULTS

Soil physical and chemical characteristics4.1.

at the experimental sites

The soils at the experimental sites are predominantly sandy clay loam with

pH ranging between 6.0-6.3 (Table 9). The soil is generally low in soil N, P and

Na, and high in K, Mg and Ca. The organic matter contents are variable ranging

between 4.43%-8.0%.

Experiment 1. Compatibility of different sweetpotato and bean4.2

morphotypes when grown in association, 1993/94 and 1994/95 seasons

4.2.1 Photosynthetically active radiation (PAR) interception

Light interception was not significantly affected by intercrop combinations

at all sampling periods in each year (Table 10). PAR interception increased with

decreased with time.

time until 8 WAP and declined there after. The deviation from the mean
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Intercropping insignificantly increased PAR interception by 6.6% and 8.4% in

1993/94 and 1994/95 season, respectively compared to sole crop. The improved

PAR interception may be attributed to increase in canopy density provided by the

mixtures. The decline in PAR interception after 8 WAP may be attributed to leaf

4.2.2 Sweetpotato growth

Vine length (VL) and growth

Intercropping had no significant effect on vine length and growth rate.

Length and growth rate were similar among the sweetpotato genotypes during

both cropping seasons. Vine growth rate increased with time until after 6 weeks

being shared for root initiation and enlargement (Tables 11 & 12).

Intercropping reduced vine growth by 10.6%, 9.5% and 6.4% of the sole crop

for genotypes Bwanjule, Bitambi and Entry 20, respectively in 1993/94 season.

In 1994/95 season, vine growth was reduced by 7.3% and 10.9% of the sole crop

vine growth mean in genotypes Bwanjule and Tanzania, suggesting that vine

growth were affected differently among genotypes.

i

senescence particularly in bean crop and to a lesser extent in sweetpotato crop.

after planting (WAP) and declined there after suggesting that assimilates were
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Sweetpotato and bean plant types had no significant effect on vine growth.

However, intercropping reduced vine growth rate by 13.5% and 10.2% of the

sole crop in genotypes with erect growth habit in 1993/94 and 1994/95 seasons,

Genotypes with semi-compact growth habit grown withrespectively.

indeterminate bean had their vine growth reduced by 3.9% of the sole crop.

However, vine growth was increased by 4.6% in genotypes with spreading

growth habit grown with indeterminate bean.

Dry matter accumulation (DMA) and crop growth rate (CGR)

During 1993/94 cropping season, sweetpotato genotypes differed in DMA

and the bean crop had significant effect at 4 WAP. Sweetpotato x bean genotypes

interaction effects were significant. In 1994/95 season, there were no significant

differences in DMA.

Intercropping reduced DMA of sweetpotato by 6.4, 5.7, 8.4 and 11.9% of the

season, intercropping reduced sweetpotato DMA by an average of 18.5,16.7 and

14.7 % at 4,8 and 10 WAP, respectively. The effects of sweetpotato morphotypes

on DMA were not significant (Table 13).

CGR (g/m2/day) was reduced by 7.3 and 27.8% of the sole crop in the spreading

and semi-compact plant types, but increased by 9.3% in the erect plant type in

1993/94 season.

In 1994, CGR was reduced by 9.0, 6.5 and 5.4% of the sole crop for the

spreading, semi-compact and erect plant types, respectively. Generally, CGR

sole crop at 4, 6, 8 and 10 WAP, respectively during 1993/94. In 1994/95
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increased with time, but mean CGR was 3.6% higher in 1994/95 than 1993/94

cropping season (Table 14). Overall, intercropping reduced CGR by 2.8% and

12.7% of the sole crop in 1993/94 and 1994/95 cropping seasons, respectively.

Leaf area index

During 1993/94 cropping season, leaf area index (LAI) was not

season, LAI differed with sweetpotato genotypes at 6, 8 and 10 WAP (Table 15).

Sweetpotato genotype x bean genotype interaction effects were significant at 6

WAP. Intercropping reduced LAI by 18.2 and 19.0 % in 1993/94 and 1994/95

seasons, respectively. Mean LAI was 9.4% higher in 1994/95 than in 1993/94

WAP. In 1993/94 season, LAI did not vary much among sweetpotato plant types

but LAI were 13.8% and 6.9% lower in spreading and erect plant types than in

semi-compact plant types, respectively.

In 1994/95 season, LAI were 14.9% and 19.2% lower in spreading and erect

plant types than in the semi-compact plant types. LAI increased with time until

8 WAP and declined there after.

season. LAI was positively correlated with CGR (r= 0.565*, n= 54) at 10

significantly influenced either by sweetpotato or bean genotypes. In 1994/95
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4.2.3 Sweetpotato yield and yield components

Vine yield

Yield and yield components of sweetpotato during 1993/94 and 1994/95

During 1993/94 cropping season, vine yieldcropping seasons were varied.

varied significantly among sweetpotato genotypes. Sweetpotato genotype Entry

No.20 produced the highest vine yield which was 44.5 % higher than the sole crop

yield (Table 16).

Vine yield was negatively and positively correlated with shoot/root ratio (r=-

0.472**, r=0.327**, n=120) in 1993/94 and 1994/95 seasons, respectively.

During 1994/95 cropping season Tororo 3 produced the highest vine yield which

As in 1993/94 season,

genotypes with erect growth habit produced the highest vine yield, which was,

morphotypes differed significantly in vine yield (Tables 20 and 21). The

genotypes with semi-compact growth habit produced the highest vine yield in

mixtures with determinate bean genotype, which was 43.2% higher than the vine

yield from sole crop. Vine yield varied significantly across seasons (Appendix

12).

Overall, intercropping reduced vine yield by an average of 9.7% of the sole

yield. There was a linear negative correlation (r=-0.727** n=48) between vine

yield and harvest index (HI) and a positive correlation (r=0.687**, n=48)

between vine yield and shoot/root ratio.

was 14.3% higher than the sole yield (Table 17).

8.1% lower than the sole yield (Table 18 and 19). By contrast, sweetpotato
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Storage root size distribution

In both seasons sweetpotato genotypes differed in the number of

marketable (>4.5 cm diameter) and unmarketable roots. In both seasons,

genotype Tanzania produced 52.4% and 22% higher marketable roots than the

It also produced 63.6% andsole crop in 1993/94 and 1994/95, respectively.

29.5% higher percentage unmarketable storage roots than the sole crop in

growth habit grown with determinate bean genotype produced the highest percent

of marketable and unmarketable roots in 1993/94 season (Table 18).

indeterminate bean produced the highest percentage of marketable roots which

The erect plant types grown withwas 20% higher than the sole crop.

indeterminate bean produced the highest percentage of unmarketable roots which

By comparison, plant

morphotypes differed in root size distribution (Tables 20 and 21).

Generally, percent marketable and unmarketable storage roots were higher

unmarketable roots were reduced while percent marketable roots increased with

intercropping. Percent marketable roots was linearly correlated with percent

unmarketable roots and yield per plant (r=0.513**, r= 0.726**, n=72),

respectively. Both percentages of marketable and unmarketable storage roots

varied across season. Genotypes performed differently across season and season

distribution.

x sweetpotato genotype interaction effects were significant for storage root size

was 20.9% more than the sole yield (Table 19).

in intercrop in 1993/94 season, but in 1994/95 season, percentages of

1993/94 and 1994/95, respectively (Tables 16 and 17). Genotypes with erect

In 1994/95 season, genotypes with spreading growth habit grown with
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Storage root weight distribution

Intercropping increased individual marketable root weights by 22.5% and

0.8% of the sole crop weight in 1993/94 and 1994/95 seasons, respectively. New

Kawogo produced the heaviest root which was 39.3% higher than sole weight in

1993/94 cropping season (Table 16).

In 1994/95 season, Wagabolige produced the heaviest root which weighed 7.2%

intercrop and sole crop yields in 1993/94 and 1994/95, respectively. New

Kawogo produced the heaviest individual unmarketable roots both in 1993/94 and

1994/95 cropping seasons.

Genotypes with spreading growth habit grown with determinate bean

produced the heaviest marketable roots which was 27.6% higher than the sole

crop weight in 1993/94 season (Table 18). In 1994/95 season, the semi-compact

genotype grown with indeterminate bean produced the heaviest marketable roots,

which weighed similar to the sole crop roots (Table 19). Spreading genotypes

grown with determinate bean produced the heaviest unmarketable roots in both

seasons, which were 23.8% and 35.9% higher than the sole crop roots.

Weights of marketable roots varied across seasons and by contrast, plant

morphotypes differed in individual marketable root weight (Tables 20 and 21).

There were significant sweetpotato genotype x season, season x bean genotype

and season x bean genotype x sweetpotato genotype interaction effects on root

size distribution in sweetpotato.

more than the sole crop weight (Table 17). There were no differences in the
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Storage root yield

Marketable and total storage root yields were significantly influenced by

Sweetpotato genotypes differed in storage root yield withintercropping.

Wagabolige producing the highest total yield which was 60.3% and 17.7% higher

than the sole crop mean yield in 1993/94 and 1994/95, respectively. Marketable

yields were 87.4% and 86.7% of the total yield in 1993/94 and 1994/95 seasons

(Tables 16 and 17).

Erect genotypes produced the highest yield, which was 58.2% higher than the

In 1994/95 season.sole crop yield of the same plant type in 1993/94 season.

spreading genotypes produced the highest yield which was 9.4% of the sole crop

yield of the same plant type. In 1993/94 season, yield per plant was correlated

with total root yield (r = 0.999**) and HI (r= 0.847**, n=96) but negatively with

shoot/root ratio (r—-0.677**, n = 96). Total storage root yields were correlated

with yield per plant (r= 0.782**) and weight of individual marketable roots (r=

intercrop combinations as indicated by the ranks of various genotypes (Table 22).

1

0.429**, n = 96). Sweetpotato genotypes responded differently in the various



80

Comparing the varietal intercropped and sole-cropped yield means, there is an

indication that the genotypes that yielded high in pure stand also yielded very well

in mixtures. This relationship has been confirmed by the correlation coefficient

(r= 0.812*, n=6) between the intercropped and sole-cropped yield. There were

total yield, with greater increase in 1993/94 season. Overall, the most compatible

sweetpotato morphotypes with bean was the erect type followed by the semi­

compact type.

Harvest index (HI)

Harvest index ranged from 8.4% to 44.6% in 1993/94 season and from

38.5% to 53.9% in 1994/95 cropping season (Tables 16 and 17). Wagabolige

had the highest HI which was 38.8% and 21.7% higher than the sole crop HI in

1993/94 and 1994/95 seasons, respectively. Harvest index was negatively

correlated with vine yield (r=-0.727**, n=96) and shoot/root ratio (r=-0.868**)

but positively correlated with yield per plant (r= 0.644**), marketable yield (r=

0.524**), total root yield (r=0.581**, n=96), number of marketable roots per

Intercropping increased HI by 6.5% and 4.7% of the sole crop HI in the 1993/94

and 1994/95 seasons, respectively.

no significant differences in total yield across seasons. Intercropping increased

plot (r=0.517**). HI was influenced by season and sweetpotato genotypes.
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Dry matter content percent (DMC%)

Dry matter content percent (DMC%) ranged from 31% to 34.1% in

1993/94 season and from 31.4% to 34.1 % in 1994/95 season (Tables 16 and 17).

Intercropping had no significant effect on DMC %.



82

P p
CM

CM

O O O CD r- cdSi CM

CO CO 
in r-pco

o

cd

co

£CM

<

O CD CO
CM COsco

CO CO
CD 
ins

o m
CD

CD

LU O

CD
Z

tn
CD

CD
CO

xf
O
CD

in
in
in
CM

in
cb

8 
£ c:
LU

co
co

CM 
CO

CM
CD

CO
CD
CM

CM
CD
CM

CO
CO 
CD

co
CM
CO

o
CD

in
tn
CD

LU
CD

p 
in

_cd 
n 
co

O
S
Q

p 
o

co

xf
CO

p 
o

co
o’
CM

in
CD 
CO

CD
in 
co

p 
o 
CD

CD O
CD CD
O O

CD 
Z

CD
Z

p 
xf

£

CM

cd

o 
w 
o

CD

£

CM

O

CM

5

CM

O

CD 
O

CD
CD

S5 
p
CM

c 
j2 
_Q_

O

£
co

£

co

£

1
00

in

E

CO

2 
o 
o

g_
o 
o

.CD
O

CD

p

W 
c 
o 
c 
o
CL 
E 
o 
o
2 
0)

■U s 
2 
o

•w

CM 

£ 
CM

CM
CD

p
CD 
CM

CM
cd
in

p
co 
CD

O g) 
i co

£ 
(D z

o
E

g.
2 
o
o
JZ

p 
o

CD
CD 
co

£
w <d 
CL

o
5 
CD
O
CO
O 
Q.
O 
0)

c/>

CD
CD

(D 
O s
E
o 
t:

<D 
CL

V) 
0) 
Q.

CM

CM

in
CD
CO

in
co
CM

p 
co 
in

in
co
in

M"
CD 
in

cm
CD
co
CM

p
CO 
in

o
S

p
CD
CD
CM

p
OO

CO 

s 
N

CXJ 
H

p
CM 
CM

CO
CO 
in

p
CM 
co

CD
CD co
CM

p
CO 
CO

in
CM
CD

p
co co

p
CM

CM
CO 
in 
co

xr
CD co

in co
m

CM
CM co

CM

8

o s m 
in 
co

Xt

CO

p
CD 
CM

CD
CO
XT

s
CM

O
CM 
CO

p
S

S 
xf

in

p 
co 
CM

xf 

s 
CM

O
CD 
in

CD

c 
o 
w 
CO 
CD 
W 
CD 

,E
CL 
Q_ 
O
O 

s 
co 
CD 
CD 
T—

CD 
JQ 

| 
•u 
<D 
CL 
CL 
o 
o 
0) 

.E 
5

CD 
CD

CD 
,O)

"co
CD

§

.0) 
xa 
13

« -g
2

3

O
CO 

g.ro -2- (D 
CD JD

0) 
3 

’c 
OJ 
£ co

u?
P o

Q §.

IO

CD CD r- in
o o

CD XT
V- CM
cd in 
CM CM

v- CO 
O CD
CM CM

V) X 

£ -S ? 
(0 c 
X -

a>
.5
> 2
x: <d
8 *
it

2 0> 
.s>s _ 

h ~ 
? E °

s
13 2 To
CD <D -C

(Qs

So
oj r>

| 2

CD

s,« " o> p o s I 2
>< o



83

g. £

coCD

CM

co co
ID xtCD

xt

<

CD 
CO

co 
CO

o
IO

co

J

u
5
Q

I

o 
o

o
o 
co

co
in

oo
CD co

IO
CD

CO
CM 
CO

CO
O 
CXI

ID
CO

CO
CD
CO

CD
CD

CD
IO

O
O

O
ID

CM
CM

IO
CD

CD
O 
00

CO CD
CD CM

LU
CO

CD
Z

X 
0) 

T3 
c

_o 
JO

I

S o
E 2 
c□

ID 
in 
CXI

CD 
ib 
oo

o 
CM

CXI

CM

oo r- 
CO CD 
ib co

CO CD 
r- co 
cd cb 
■<— T—

CD 
Z

CD
Z

I

cd
co

CM 
CO

o

s

CM

O 
ra 
"o

CD

CD 

5 
c 
o 
Q. 
E 
o 
o 
2 
q *>» 
•u 
c 
03 
2 
2 >

0)

_o
JO
£3

ra
E

I

_CD

o o

I
co

2
2 
o

co 
oo

CD
CD

CO
CM 
CM

co

JO ro
JD
S

U)
<D
*
CD
CD
2
CD

O s 
o 
Q.
O 
CD 
£ 

CO

o
JO 
03 
jD 

s
E 
c 
Z3

_Q)

t s co

CN

£

CN

s
o

3

0) 
£ 
(0 
X

75 
■w

•a.
75 
"oo

xr

£

co 

s

oo 
CD 
CM

2 s 
N 

£

o

CD
O

3

s
CD

CD 
O $ 
ro

£ 
<D z

CD
CO 
00

15 
(D 
E
o 

CD

o
cb

(/) 
<D 
CL 

o 
§ 
CD 
O 

3 
O 
Q.
O 
O 
$ 
(D
X 
<5

8 
c 
0J 
E 
I 

<D 
Q.

_0>

•8

8
w 
(D 
£

V) 
0) 
Q.

o
§ 
CD

*O

*w
o

CD
CO 
IO

O
O

IO

UD
CN

CD

in
in 
CM

CXI 
cd 
in

o
cd
in

in

<5

CD 
in

CD

co

m 
cb 
m

in

CD

CM 
co 
oo

CM
cd 
co

in
oo 
co

s in

s
CD

CD
CM
CO

CD

8

in
oS

CX|
CO 
CM

CM
CD 
CO

o
CO
CM

CD 
cd 
in

CD
CM

cd 
oo

Xf
CM
CM

o
cb
CM
CO

co 
in 
CM

s

o 

s

o 

s
o
in 
in

in
CM

co

cb
CM

o
cb 
co

co 
oo

co

8

in r-
V- CD
xf cd

CD 
co

1
U)

in
CD co

o 
(D 
aj 
d) 
V)
CD 
.E
CL 
CL 
o 
o 
m 
CD 
xr
CD 
CD

c/T 
£Z 
03 
(D 

JO 

|

Q. 
CL 
O 
o
Q 

1
C 
0)

CM CO 
t- CD
Cxi X-

°8 
co

CD

> 5 5< E

0) 
,g>

CD

CM CD x-J

o
To 
g.ro 0) CD jo

S r?
o o



£ 84
CD

CMCO
CMX

cd g
cri O <=> 3 ■

- S ’’
re 2 "re
o .2!
H >»2.

seco CO
co

3

2

co

<

o

S ’r"

CD

CM

CO

(D

_0) 
-Q

o

m 
in

co 
cd

CM
CM 
CM

CD
CD

CD
CD

O
CO 
CO

in
CD
CD

o 
cd

co
CM

in
cd
CM

in cm
CD CO 
in in

CM co

LU

_0)
JO
OJ

S

o
:>
o

CD
CM

CO
CO

CM 
CO

cd 
co

CD 
o

CM r-
CD CD

s

o
c!
0)
0) 
Q

v-
cd

in

cd

o 
o 
Q.

s? co

■w

Q.

CM

5

CD
in 
in

co
CD
CO

in 

oi

CD
,E
CL 
CL 
O
o

cd
CO 
CD 
cd

O
co

O 
c/> w cu
c
OJ 
<D

-Q
O

5 
o 
Q.
O 
CD

(/)
.E
o

43
o 
Q_
O 
CD
£ (/)

I
E
o 
t
Q.
CD

C 
o</> 
0) 
CL

o

CD
CO 
CO

o
cd co

o
CO 
co

CD
cd
3

XT

5

o
S 
in

o
nj

in
cb
cm

CM
CD 
in

o
o

O CD 

s 
co co

CD

o
CM

r- o
55 55

in m
CD

V) 
CD

-Q 

£ ro 
2 
cd >. 
o 
ro 
o o_ 
o
CD $ cn

o
o
in

cd o
O CD 
cd m

in
cd

o
in m co

cd o
CM x- 
cm m 
co CM

O CD 
o cd m xr

o co r- 
CM CM

co
CD
CD

r- in 
xr r< 
CM CM

CD
CD ■*“ 
m in

CD CD CD 
in in cm 
in in cd

O^* T— co o 
CD t-- 
CM

CM CD 
cd r<

co r- 
cd cd 
CM CM

Tr CD O 
in cd • 
CM CM

r- in 
o cd 
CM CM

cogs 
CO CD T-’

Q.
O
E

jD
"O c ra
o
So
Q-
<D
O

CO

1 £
CD 
W

J2 
jo 
22?
CD O “
u. ra 
S

JO 
c 5 o 0)0)0- 
O w

CD O 
cd in 
O CM 
in co

o o
in cd 
cm xr 
in in

x
0)

S E
J? o

CD x-
CM
CO

T— C> CD 
CD tT 

M- d co

(D 
+ 0) 
CD C

£ 
(U <D

CD .S

+ aS “Is

o re 
a. E o

D

u_
ro 
E

<D S 
g.E

v- O
CD xr 
CO xj

CM x-
CD xt 
r- 0O

O £ ro ro <d 
cl a ~
E E .S

>>2.

<2 o xr co as JS 
c4 xr o co 
T- CO N Q 
CM CM CM

<D

<D TO <D 
O « O > W 
09 CO O CO

0) w - £ -s
0J c

S’ 1 O 
p f 2

“J re _
o a> o >

n oi o 
cb cm' <b *7
05 h~ CO 05

o o o gS 
o in o co 
in co r~-- _»• co in co ,

00 X— xr
v' ni oj
05 CO 05 ■

o 2 -o O 
CO LU .E +

£2
2 Q- e-s; = 
o i S 
S tn co

8 f E
1 o o 

a? E? § o a> —
CD CD + +

4-« 0)
-Q 

o -2 o 
S 3 2 
2, re cn 
ra t o 
s § 2
< -5

£ S

2 o 
•§*2 0 
S 
0)



85

co

oco co co co

3? CM
CO in in

<D CM
I

ra 2 ra 5? ov-; CM

CM CM CM CM CM COCO CM

cop CMp
CM

p OCD

CM

O

-E
x- p x- r- p

co
CD

<D

<

ID<D0)

5 CD

<D

CMO

p pip p in p p

co

0)

(/>
.ECD

2? -U Q (DO cn

c 
3

X 
(D

00 
CO

O
CM
CO

m 
tn

co 
co

p
CD 
co

M- 
o 
CD

r- cd
cd r<
CM CM

CM O
CO co
CO CO

r- cd co 
CO CD N

CM 
co

p p cm r- p 
cd r- co in o

o 
CM

s

c 
co

in
CM 
CM 
in

co in 
cd o 
co m-

p p 
O CD 
co in 
tt in

o cm m- 
m cd co 
xt CO Tt

CM CD CD 
M- CO CO

CO z

CD 
CM

in p 
CD

co 
z

co z

E 
(D

0)

H

Z
CD 
CD

0) 
O

O

.2
o w (/) 
(0
c 
co 
<d

0)

GJ
E 
c
D

<0 
E

o

co X- oo 
CD in CD 
co co co

p p cm r- p 
in x-‘ x- in tt

o
2 o 
Q.
0> 
0) 
£
in 
co

.E
o

2 o
Q.
O 
CD 
£ 
W

CD

(/)

2 o

(D
2 
D P 

*iZ

co
TJ

.2
o
2 o 
Q.
Q 
CD

CO

(/)
2

Q_

0) 
ro 
.E 
E 
CD 
O 
Q

o 
Q 
O 
c 
(0 
E u.

CD 
Q.
0) s
C o
cn 
0) 
CL 
S' 
o

o

JO
CL
CD

,E 
> 2

jd 
o + co

2 5-

0) 
o + co

M

o .2! g h- >£■

in Ji

■7 in

B r=

co m

>, ti

oS i_- 
CM i—

2 c 
.E’E 
" ra 

re

r- o
r-* in
CM CM

O OO CD 
in x-’ co 
in cd m

cd co 
oo x— 
CO M-

CM tn CD
CD X- CD 
CO CD oo

« -2 <D S 
Q. O

>*

in
x- CD 
cd in

if *u c: 
ro p 
2 a5 
CL T3 

CO .S

■E 2 
i (0 

§E 
> O

o cd in 
CM x- ’

”S 
fa 2 

o_ co CO

p i 
od od o 
x- x- cm

in x— oo co 
x—' CM CD 
in in in

X- CM O 
in x-^ xr 
CM CM CM

<D u,£ -S
CO ,C

) p <
o o o cm o
m cd co co ■;
in in cd in cd

co
S £2 cm

o'" CM 
't «D CM

£ CM

O CM
CD x-' T“ 
CM

r- oo cd cd co
in x-' -*
X- CM

o oo in cm cd 

j;

_a>
52 ™ 
<1) <D -C 
■* '5,^ 
re 
5

- -x ■“ x> o5 n a
Q re m
(Do.

CO -n CC CO I? co
CM CM CM M
O o co co o

s? r- CM 
° cn 

■M-^xfinmc6cMrr'

co 
co
__ z

■* s -

o ra s> 
ro c:

eip re

cd v- m xr o oov- O cxi xf ai cooo co co oo t'- cm in

ire® '
o re re re re re • q ®-oDoreo>LU£ 
LU-S + cnScno<z>_i

re ® 
re ™ 
c S 

E § 
re re

re 

re re c-
E •£ 2 0) co 
Q- E OQ.

O 
E 
c 
co 
<D

•u 
c 
co 
o X
2 S 
O CD 
H D) 
CD C 
m 'Q.

CL 
o 
o 
m 
CD

Q M- 
it £ 
LU $2

4-* CD

Is 
o 
CD 
2 
0) > <

? re re 
— T3 <D 
_ -E Q 

cn +

XT in S O CD CO N co o cd in cd r< co 
CO CO CM CO CO T-x—

CO CM
x-‘ cdco co



86
CT

♦ *

CT-CT

j Csl

CTCTCT* CT

CT

O
cm CMo

co

Td >

cd

* 
♦

co 
c

CT 

♦

o
* *

CT 

♦

0)

co c

o

£

♦ *

CTs
.2?

o
CM

X)
ro
H

o

CD
Ol

CO
C

CO c

co 
c

co 
c

♦ *

0) 
CL

O c 
CD

CO 
c

co c

CO 
c

CO 
c

co 
c

co 
c

co c

co 
c

co 
c

CD
GO

CO 
c

co c

co 
c

co 
c

co 
c:

co 
c

c
>

CD >

>

CD

E 
o 

CT
(D 
CD

CO 
c

co 
c

co 
c

coc

co 
c

coc

co 
c

co
c

co 
c

co 
c

co 
c

coc

o

o
2

CT
CD
CT
CT-

CO
CD
CL>
0

CD 
CD

ro
CD

co 
CD
CD
CT) 
CD o

C
CD
CD
CD
Q_

CD 
Q. >•
O 
C 
CD 
CT)

TO 
CD

(D
CD
£co

00

CM

00
CD
CM

CD

ID

c£ 
CO 
6 
'3-

c£

co

o 
co
c
CD c o 
Q.
E 
o 
O

CT
o

o
CT
O

CO
CD

o

co >
4-»

CD 
Q_ 
E 
o 
o

o 
*
♦

u
* *

CD
CD

c£
in

_Q 
cd

_Q o
ex

c£

CT 
C 
CD 
o
2 o
Q.
CD 
CD 
§ 
(0

co >
CT 

♦

CT 

♦

o
CT

CO 
o
CT 

_Q 

£ 
CD

CT 
CD

O
CD
O 
Q.
CD
CD
§ tn
X
c
CD 

_ CD 
CT) CD

C o

I
CD _

OC CO

CD
CL
E ?
G__
?

CT
_ CD

.E

CD CT 
+-» —

00 
cm

§ .
LU O

£.i
TO ?tZ

CT)
To

(D o c 
CD o

o
c □)
’co

CD > 
CD

§2

•w

CD

CT
CD

2 ?Q_ ♦
CO *

6• o
u, ’ O O

Q_ E o

2 ? Q-
CT)

O

CD 
-C O 
4-» ... 
o

_Q C 

if 
CT ° 
CD C 
CT i, 
CT *

CO 
C

o c
CD .2 
CD

CD 
=2 Z 
O <D 

CO >

E E o ~
d.

, <u ro .—.
< ? E®

05 tu ----
< 5 E 5?

4 o5 w

% ®

2. £■

<5
2
CD

8
Io
CT

O
Q. £ 
CO LU

>

i i E “
CD CT n .£

J CD 

it

.£ 
co 
(0 
CD

o o
CT

CD
CD
O ZT 
C 
.2 c

CD
E

o
W X 
(0 LU 
2r —
(D c <n 
* io
E cn 
O CD

co
£ X 
C
03 "O
I .E

c -if 
to 7^

2-g

) CT) 
o .E $2 .E

.x 4_» .X (D

55 cn



F

87

crcro CD
♦

♦
u

♦

u

in

^d0

2 ° *0
♦

0

co0
Q_

cr CT
♦

2 o
co CXI in

CD

II

CXI

CD 3

CT 

♦

CT 

*

I

TJ 
C 
(0

o o

* ♦

CT 

*

* *

* 
♦

* 
♦

to
2

co
CXI

c 
u>

TJ c 
(0

.2

0 o 
c 
(0

o
CO

CD 
c

CD c

cn 
c

CD c

co c

in 
c

CD 
DO

CO c

CD 
c

co 
c

c o o

co 
c

cr 
♦
♦

CO c

.£

tn cxj
c cxi

TD 
C 
CXJ
o

Id 
zj 
O

cd

(0

c
_TO
CL

CD 
c

CD 
c

CD 
c

CD
C

CD 
c

c

CO 
c

CD 
c

CD 
c

CD 
C

CD 
c

CD 
c

CD
C

CD c

CD
C

CD
C

CD
C

♦

CD
C

CD 
C

CD CO
C CN

CD CD
C CO

o

o

CD
0>
0

_0 
X)

H

CXI

co

OJ

CD

CD 
c 
0 c o 
CL 
E o o
2 
0

CL >•
O

H—

CD 
0 
CD

o o

c
0
o
0
CL

I 
z. 
0

0 
§ co

o 
o

fz 
0 co

o 
o

E 
0 co

CD

CD
Cxj
CO

1 
0 

8

£ 
0 
E
0 
CL 
X

0

<

tn 
0>

to 
E 
c 
ZD

0 
CL

O 
c 
0 
CD

CD > 
+-^ 
TO CXJ

0
CL
CD

cr

♦

O

ra 
o

’I
JQ
O
CL

0 
> ♦J 
0 
CL 
tn 
0

(D
0
□

E
c

II ♦
CD 
C

’c
U)
‘55
o 5/A

_CD
0>

c
TO 
 0 

DC CO

X

TO
I .E

E 
o 

"O 
CD 0 
0 “ 

Q

. TO c 
CXJ5 s

o
6 TO 

o 
Q.
0 
0

O
TO
O 
Q-

TO

2 c
TO 

cd" .2 
+-« M— 
£ C

CD
CD

> TO O
< E 2

S.

<D TD
•£ .9?

o
C 2 - a. E i r

JO 

o 2 
“ ilj

<0 "U co 
o ~ 
H

o
2 o a.
<u a> 
2
CD

.E
co
CD
2 El
co 
O (D 

•D $
C CD

CD v- 
O
C (D 
(X3 0 

‘C 
aj

° s
(D CD

C 
TO 
 0

C .D
O 

E §
2 ’ ’

Q. o Q- 
E a; E 
~ 0 ~

7 TO _
2 E o ~ 
' C O ° 
CL D CL

§
I—’ ’

0 u_
> “

§ £ .2 r- ° +-* 
w 2 2

CD 
0

- §:
« o 6

C Q_ 
0 
CD

CD 
a) e
X 2

0 CD

CD
X

'tn
0 H- 

—I o

0

o ID 
0 
CL 
tn

O c 

8 -8 
= c

TO >

“O
TO
D tn

c 
O

CD C .
> ;?‘-6 > 
£ ~ tn O

Q. tn

>
Q 
0
0



88

CDCM

CXI

CM

Z
cm

CM

CD
CO

O

CXI

id

co 
x—

g a

S' CD
CO

CM

d

< z

TJ 
C 
03

< 
Z

< 
Z

o 
cd

cd.

< 
z

< 
Z

id
CM

CM,
CM

CO
CD

CO
CO

CM, 
co'

CM 
CM

CM
CO

O 
cd

o
CD

CO
CO

CM 
cd 
CM

UJ
cd

o

CM^

§

< 
z

S

g

5"
£

g

Q
IO

c5

*
co

Z

a
co

u?
co
CD
V—

cd

s

c.
cri 
CN

C-
cri
CN

Si
£-
c

UJ

g g

S' 
o 

si

S' 
o 

8

8
2?

UJ

s 
r^-

CD

S' 
cd

CM
CM

cd
CM

co 
co 
cd 
CM

in 
o'
cm

CM
co 
CM

c/> 
cd

c 
03 
CD
S

s
co
CD
CD
T~

IO 
CD 
x? 
CD 
CD
T“

£ 
<

i-~.
CD
cd

co, 

CM

oo
o
id

in 
cm'
CD

s
CD

IO 
o 
cd

CM 
id 
CM

co
CM 
cd

CD, 

cd

CM 
cm 
CD 
CM

in

§ 
co
CD

co
o
cd

CXI

co
2 
o

co
O
co
CM

in,

CD
CM

co 
<0 
xr 
CM

co
o
CD

QJ

c.xT
CD 
CM

O, 

CD

I

co

si

! 

CO

CD

o
S’ s 
CQ

£
CD z

s o

in

cd

co 
CD 
CD

To 
-C 3
3

CD
*>»
o
CD 
CD 
OJ
O 
w

m 
00 m
Q. 
—I 
O

a
8

co a

,cp
ro 
N

£

S' a8

co
cd
CM

co
CXI

E
o
0J 

.E 
£ 
£ 

f
2 
CQ
CD 
(D 
CD 
CD s 
5
OJ ex 
.E

o
E
Z

s
5

CD ▼“ r^- co 
xr cd

CM

£

O 0) 
cn s

JD 
23 

’C 

cu 
$ 

CQ

D_ LO 
—I CO 
0 m

ro c 
■4-» 1—
O CXJ •— o
« E

™ c •4-J I—

<D 03 
•- (D
™s

CO

"e u?o
o,

ci
C/3

5 ™

5
-§- Stn 3,

(D 
CD

CD

I

<° £— GJ
O CD

03 E

o
'ro (/)

11 
> 0)

CO O)

(D O
±f O
JZ c

II

o
.2
o (/> w 
03
c 
03 
(D n
o 
03 
o 
Q. 
o 
<D

(/)
.E 
w 
<D 
Q. 
2? o s 
CD

n

CD 
CD

TJ 
O 
</> 
CD 
CL 
2r o 5 
CD
O 
03 
O 
Q.
O 
CD

W 

1 s 
£ I? •— o 
"o « 

o ? 
r§: 
S-S h

■a 

« £ 
> V-

CM 
CM 

n 
|2

s
-2 z



89

4.3.0 Bean growth

Plant height

There were significant differences in plant heights among the bean

Sweetpotato genotypes had nogenotypes at 8 WAP during 1993/94 season.

The indeterminate beans weresignificant effects on bean growth (Table 23).

19.3% and 17.7% taller under the erect than in the semi-compact and spreading

The determinate bean were 20.2% and 9.4% tallergenotypes, respectively.

under the semi-compact than the spreading and erect types, respectively. In the

1993/94 season, intercropping reduced plant height by 17.2, 7.4 and 3.7% of the

sole crop at 4, 6 and 8 WAP, respectively for the indeterminate bean genotypes.

The determinate bean had their heights reduced by 22.3% and 10.5% of

the sole crop at 4 and 8 WAP, respectively. In 1994/95 season, plant heights

were reduced by 3.0, 6.2, and 13.9 % at 4, 6 and 8 WAP, respectively for the

indeterminate bean genotypes. There were increases of 21.2, 8.3, and 9.4 % at

4, 6 and 8 WAP, respectively for the determinate bean genotypes.

reduced by 3.3% in the indeterminate and increased by 7.2% in the determinate

bean genotypes.

Plant height at first branching was 11.4% greater in determinate than

indeterminate bean genotypes. However, plant height at first branching was
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Dry matter accumulation and crop growth rate

Dry matter accumulation (DMA) in bean was not significantly different

at each sampling period in 1993/94 and 1994/95 seasons (Table 24). Sweetpotato

genotypes had no significant influence on DMA. Crop growth rate (CGR) (Table

25) in indeterminate bean were 10.6% and 6.9% lower than in the determinate

bean in 1993/94 and 1994/95 cropping seasons, respectively.

i

J
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Intercropping increased CGR by 14.3% and 4.7% of the sole crop for the

1994/95 season, CGR was reduced by 11.0% for the indeterminate but was

increased by 4.6% for the determinate bean. Crop growth rate was at maximum

at 6 WAP both in sole and intercropped bean. At 8 WAP, CGR declined as bean

crop shed off old leaves.

Leaf area index

LAI was significantly influenced by sweetpotato genotypes at each

sampling period in 1993/94 season (Tables 26) and at 6 and 8 WAP in 1994/95
i

season (Table 27).

In 1993/94 season, there were significant differences in LAI between the bean

genotypes at 4 and 6 WAP. The spreading sweetpotato reduced LAI by 32.0%

and 25.6% for White Haricot and GLP 585, respectively. The semi-compact plant

reduced LAI by 15.0 % and 9.3 % for White Haricot and GLP 585, respectively.

The erect plant types reduced LAI by 16.2% for both bean genotypes.

In 1994/95 season, LAI for White Haricot was reduced by 34.5, 8.7 and 12.4%

in spreading, erect and semi compact plant types, respectively.

Intercropping reduced LAI at various growth stages. In 1993/94 season, LAI

were reduced by an average of 30.4, 5.3, and 23.7 % of the sole crop at 4, 8 and

10 WAP, respectively.

Overall, intercropping reduced LAI by an average of 23.1 % and 13.5 % in

1993/94 and 1994/95 seasons, respectively.

indeterminate and determinate beans, respectively during 1993/94 season. In
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4.3.1 Common bean plant diseases.

The occurrence of common bean bacterial blight (CBB) caused by

Xanthomonas campestris, var. at pod filling (R 8) and physiological maturity (R

9) stages were not significantly different between the two bean genotypes and

sweetpotato had no significant effect on them (Table 28). Intercropping reduced

CBB severity by 3.1% and 2.0% at R8 and R9, respectively; and reduced ALS

by 3.7% and 2.1% at R8 and R9, respectively, when sweetpotato and bean were

grown at their optimum population density. The highest reduction of 21.9% in

CBB severity occurred in determinate bean grown with erect sweetpotato

genotypes. Similarly, the highest reduction of 27.5 % in severity of ALS occurred i

in the same bean genotype grown with the same sweetpotato genotypes. All in all,

intercropping reduced CBB and ALS severity by an average of 12.9% and 18.9%

of the sole crop mean severity, respectively, when sweetpotato and bean are

grown at their optimum population densities.

4.3.2 Bean yield and yield components

Number of pods per plant

production was influenced by sweetpotato genotypes (Table 28). Genotype MMS

224 produced 27.3% more pods per plant than the sole crop.

combinations. In 1993/94 cropping season, bean genotypes differed, and pod

Yield and yield components were varied among the treatment
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The lowest number of pods per plant in both intercrop and sole crop was

produced by genotype A 197. The indeterminate bean plants produced 29.2%

Number of pods per plant was positivelymore pods than the sole crop.

correlated with yield per plant (r= 0.613**), number of seed per pod

(r=0.340**), number of seed per plant (r=0.872**) and yield per hectare

(r=0.532**, n=108).

Number of seeds per plant

Number of seeds per plant varied significantly with bean and sweetpotato

effect on number of pods and seeds per plant.

Indeterminate genotypes grown with erect sweetpotato

genotypes produced the most seed per plant in 1993/94 season, which was 40.3%

more than in sole crop (Table 29). In 1994/95 season, determinate bean

genotypes grown with erect sweetpotato produced the most seed per plant which

was 11.7% less than the sole crop yield (Table 30). The differences in number

of seeds/plant from season to season may be ascribable to variability in moisture

regimes between the seasons (Appendix 13). The erect sweetpotato morphotypes

The number of seeds per plant was not independent of bean plant morphotypes

and bean morphotypes differed significantly in number of seeds per plant.

are relatively compatible with any bean plant morphotype.

19.6% more than the sole mean in 1993/94 season. Season had no significant

genotypes. Genotype MMS 224 produced the most seed per plant which was
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The 100 seed dry weight (100 DSW)

Seed weight varied significantly with bean and sweetpotato genotypes in

1993/94/season. In 1994/95 season, sweetpotato genotypes did not significantly

affect seed weight but GLP 585 produced heavier seed than White Haricot. Bean

genotype A 197 produced the highest 100 DSW which was 33.6% higher than the

genotype GLP 585 produced the highest 100 DSW which was 17.6% more than

the sole crop seed weight (Table 28). Indeterminate bean genotypes produced the

lowest 100 DSW which was 36.4% less than the 100 DSW from the determinate

i

determinate bean was 19.6% more than that of the indeterminate bean but not

significantly different (Table 30). Seed weight varied with season.

Dry bean seed yield

The determinate bean genotypes grown with the erect sweetpotato genotypes

produced the highest yield which was, however, 52.7% and 15.6% less than the

sole yield in 1993/94 and 1994/95 seasons, respectively (Tables 29 and 30).

Yield responses of bean genotypes varied with different sweetpotato morphotypes.

By contrast, the effects of sweetpotato morphotypes

Bean morphotypes differed significantly in number of seeds/plant (Table 31).

Higher yields were obtained in mixtures which were relatively compatible, while

on number of pods and

seeds/plant, yield/plant and bean seed yield (t/ha) were significantly different.

mean of the sole crop seed weight in 1993/94 season. In 1994/95 season bean

bean genotype in 1993/94 season (Table 29). In 1994/95 season, DSW of the
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yields were significantly reduced in relatively incompatible mixtures. Sweetpotato

similar for all bean genotypes in 1994/95 season (Table 32). GLP 585 produced

the highest yield which was approximately 68% and 66% of the sole crop mean

total yield by 39.2% and 42.2% of the sole crop yield in 1993/94 and 1994/95,

respectively.

genotype effects on bean yield differed in 1993/94 season. However, yield was

in 1993/94 and 1994/95 season, respectively. Overall, intercropping reduced
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4.3.3 Sweetpotato/bean intercrop productivity

The highest productivity of both storage root and bean seed was produced

by Wagabolige intercropped with bean, and was 26.5% higher than the sole crop

productivity. In 1993/94 season, Wagabolige produced the highest yield (Table

33). In 1994/95 season, the highest bean yield was obtained in mixtures with

Bwanjule (Table 34). It was 23.6% higher than the sole crop yield. The highest

total productivity of 28.36 t/ha and 30.1 t/ha were obtained in 1993/94 and

1994/95 season, respectively. Productivity of the cropping system was dependent

on the relative performance of the individual crop component in association, being

influenced by degrees of compatibility and their yield potentials. Productivity
i

was 5.6% higher in 1994/95 than in 1993/94 cropping season.
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4.3.4 Competition between sweetpotato and bean

Competitive abilities varied with sweetpotato genotypes in both 1993/94

Entries 20 and 21 were the least

competitive in mixtures. Sweetpotato crops in double rows grew away from bean

crops in order to receive better light interception. However, CR for sweetpotato

Competitive abilities of bean varied with bean genotypes. Genotypes grown with

the least competitive sweetpotato genotypes (Entries 20 and 21) had high CR.

The least and the most competitive bean genotype was A 197 and White Haricot,

In 1994/95 season the CR for bean wasrespectively (Tables 35 and 36).

generally low. White Haricot was 75.8% less competitive in 1994/95 than in

1993/94 season. Similarly GLP 585 was 64.6% less competitive in 1994/95 than

in 1993/94 (Table 37).

Relative yields of bean and sweetpotato varied with intercrop

combinations during both seasons. Relative yields less than unity showed that

intercropping reduced yields of the component crops.

1993/94 season. Both Entries 20 and 21 had the lowest RY. The RY of beans

were lower in 1994/95 season than in 1993/94 season, but was the reverse for RY

for sweetpotato (Tables 38 and 39).

was generally higher in 1994/95 season than in 1993/94 season.

competitive. The RY of sweetpotato were generally higher in 1994/95 than in

Where RY was greater than unity implies that sweetpotato crop was more

more than the mean of all genotypes.

and 1994/95 seasons. Tororo 3 was the most competitive, with CR of 30.5%
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4.3.5 Aggressivity Coefficient (AC)

Aggressivity coefficient (AC) varied among crop combinations in both

seasons (Table 40).

Wagabolige, Entry 20 and Entry 21 in 1993/94 season, respectively. The

aggressivity coefficient was negatively correlated with CR and RY for bean (r=-

0.893**, and r=-0.696**, n=96), respectively but positively correlated with CR

aggressive bean genotypes were A 197 and White Haricot in 1993/94 and 1994/95

less aggressive than White Haricot in 1994/95 season (Table 41).

The most and the least aggressive genotypes were

seasons, respectively. A 197 was 50% and 23.1% more aggressive than GLP

for sweetpotato (r=0.646**, n = 96). The AC varied over seasons. The most

585 and White Haricot in 1993/94 season, respectively. GLP 585 was 32.1%
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Land use efficiency in sweetpotato/bean association4.4.0

Intercropping sweetpotato with bean was beneficial because the LER were

greater than unity except in two cases where LER were less than unity in 1993/94

3 and A 197 (Table 42). In 1994/95 season, all mixtures had LER greater than

unity (Table 43).

In both seasons, Land use efficiencies (LUE) were higher in mixtures than in sole

cropping. In 1993/94 and 1994/95 seasons, the results indicated that between 38-

62% and 40-70% more land would be required to plant sole crops of sweetpotato

and bean to produce ±e same quantities of sweetpotato and bean that were

produced in mixtures, respectively. The area time equivalent ratios (ATER) were

less than unity and were significantly different among intercrop combinations

(Table 44). The mean ATER values of 0.67 and 0.77 for 1993/94 and 1994/95

Compared to LER values (Tables 42 and 43), ATER undersweetpotato.

over estimated LUE because the difference in growth durations of the components

were not considered. Therefore, to have a realistic estimate of LUE, LER values

should be adjusted by 50%. The adjusted value added to ATER would give LUE

value ranging from 44-69% in 1993/94 season and 42-68% in 1994/95 season for

the individual mixtures.

LER was positively correlated with CR for sweetpotato (r=0.902**, n=96) but

negatively correlated with CR for bean (r=-0.660**, n=72).

season. In 1993/94 season, the highest LER were obtained in mixtures of Tororo

seasons, respectively showed that the sweetpotato/bean systems favoured

estimated LUE because the components differ in their growth durations. LER
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4.4.1 Monetary equivalent ratio (MER)

Intercropping sweetpotato with bean is economically sound because the

monetary equivalent ratio (MER) obtained were generally greater than unity. The

highest MER which was 26.1% more than the cropping system mean MER was

mixtures ranged from 0.62 to 2.11 (Table 46). On the average 56%, more land

would be required to plant sole crop of sweetpotato and bean in order to realize

the same yields of sweetpotato and beans to generate the same amount of cash

income obtained from the mixtures of sweetpotato and beans.

4.5.0 Experiment II: Effects of sweetpotato spatial arrangement and

population density performance of sweetpotatothe inon

sweetpotato/bean association (1994/95 and 1995/96 seasons)

4.5.1 Photosynthetically active radiation (PAR) interception.

PAR interception was not significantly influenced by spatial arrangement

and population density (Table 47). PAR interception increased with time until 8

WAP and declined there after.

Intercropping increased PAR interception by 8.1% and 9.4% of the sole crop in

the single and double rows arrangement, respectively.

Confidence limits at LSD (0.05) indicated that there were significant differences

between means at different growth stages.

from mixtures of Wagabolige with bean (Table 45). Mean MER for various
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4.5.2 Sweetpotato growth

Sweetpotato vine length

In 1994/95 and 1995/96 cropping season, vine length varied with

sweetpotato genotypes at 4 WAP. In 1995/96 season, vine length varied between

the single and double rows arrangement of sweetpotato at 10 WAP (Table 48).

There were significant sweetpotato genotypes x spatial arrangement interaction

significant sweetpotato genotype x population density interaction effects at 10

WAP (Table 49).

Generally, vine growth was faster in double rows than in single row and growth

rate was 7.4% higher in double rows than in single row due to shade effect from

bean crop. Growth rate was 17.8% higher in Wagabolige (spreading type) than

Bwanjule (erect type) and Tororo 3 (semi-compact type). Intercropping reduced

vine growth rate by 13% and 9 % of the sole crop growth rate in 1994/95 and

1995/96 season, respectively. On the whole, intercropping reduced vine growth

rate by 11 % of the sole crop growth rate.

effects at 8 WAP and 10 WAP on vine length. In 1994/95 season, there were
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Dry matter accumulation and crop growth rate

In 1994/95 and 1995/96 season, DMA varied significantly among the

genotypes at 8 WAP. The spatial arrangements differed in their effects at 4 and

8 WAP during 1995/96 season. Crop growth rate (CGR) increased with time and

(Figure 4).

Leaf area index

LAI varied among sweetpotato genotypes from 6 to 10 WAP and

population densities but were not significantly different between the spatial

Spatial arrangement x

population density interaction effects were significant at 8 WAP. LAI increased

with increase in population density (Figure 5) and was positively correlated with

population density (r=0.627** and r=0.520**, n=72) in 1994/95 and 1995/96,

respectively.

LAI was 14.5% and 7.2% higher in the double rows than single row arrangement

in 1994/95 and 1995/96, respectively. In 1994/95 season, intercropping reduced

LAI by 9.4% of the sole crop LAI of Bwanjule, but increased it by 31% and

10.2% in Wagabolige and Tororo 3, respectively.

was negatively correlated with population density (r=-0.356**,n—72) in 1995

x population density interaction effects at 10 WAP.

arrangements. In 1995/96 season, there were significant sweetpotato genotype

6 WAP. Genotype x spatial arrangement interaction effects were significant at
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In 1995/96 season, intercropping reduced LAI by 1.6, 8.7 and 5.9% in Bwanjule,

LAI by an average of 5.3% in 1995/96 season, but increased LAI by 10.3% in

1994/95 cropping season.

Wagabolige and Tororo 3, respectively. On the whole, intercropping reduced
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4.5.3 Sweetpotato yield and yield components

Vine yield.

Yield and yield components of sweetpotato were varied among the

Vine yield per plant varied among the populationtreatment combinations.

There were significant spatial arrangement xdensities (Tables 50 and 51).

population density interaction effects (Tables 52 and 53). Season had no

influence, but genotypes and population density varied in their effects across

differences in the morphological characteristics of the genotypes and the growth

conditions.

Vine yield per plant was negatively correlated with population density (r=-

0.657**, n = 72) in 1995/96 season and was 9.3% higher in double rows than in

single row arrangement. Intercropping increased vine yield by 7.4% and 8.6%

In 1994/95 season, intercropping increased vine yield by 2.8% of the sole crop

yield in single row of sweetpotato. There was a decrease of 5.8% in vine yield

in the double rows arrangement of sweetpotato.

of the sole crop yield in single and double rows, respectively in 1995/96 season.

seasons. The variations in vine yields among genotypes may be attributed to the
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Storage root size distribution.

Numbers of both marketable and unmarketable roots varied among

sweetpotato genotypes and population densities. There was a significant genotype

x population density interaction effects in 1994/95 season. Season had a

significant influence on root numbers. Spatial arrangements had significant

effects on number of marketable roots across seasons but all genotypes behaved

population density interaction effects on number of marketable roots (Tables 52

and 53)

among genotypes and population densities. There was a significant season x

alike (Figures 6 and 7). Number of unmarketable roots varied across seasons
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There were also significant season x genotype, season x spatial arrangements x

population density and genotype x spatial arrangement x population density

interaction effects on the number of unmarketable roots (Appendix 14). Number

of marketable storage roots was significantly correlated with population density

(r=0.605**, r= 0.383**, n=72) in 1994/95 and 1995/96 seasons, respectively.

Number of unmarketable roots was also positively correlated with population

density (r=0.522** and

respectively. There were 5.1% more marketable roots in double rows than in

single row in 1994/95 season. While in 1995/96 season there were 10.3% more

marketable roots in single row than in double rows.

Number of marketable roots was 42.4% higher in 1994/95 season than in 1995/96

season.

unmarketable roots in the single row than in the double rows. Number of

unmarketable roots was 20% more in 1994/95 season than in 1995/96 season.

Intercropping reduced number of marketable roots by 3.1% of the sole crop in

single row but increased it by 13.3% in the double rows arrangement in 1994/95

season.

In 1995/96 season, intercropping reduced number of marketable roots by

16.9% and 21.2% of the sole crop in the single and double rows, respectively.

On the whole, intercropping increased number of marketable roots by 5.2% of

the sole crop in 1994/95 season, but reduced it by an average of 16.7% in

1995/96 season.

In 1994/95 season, intercropping reduced the number of unmarketable

roots by 3% in the single row but there was no difference between the sole-

In both 1994/95 and 1995/96 seasons, there was 7.7% more

r=0.766**) in 1994/95 and 1995/96 seasons,
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cropped and the intercropped sweetpotato in double rows arrangement.

In 1995/96 season, intercropping reduced the number of unmarketable roots by

whole intercropping reduced the number of unmarketable roots by 1.6% and

2.8% in 1994/95 and 1995/96 seasons, respectively.

Storage root weight distribution

During 1994/95 cropping season, weights of individual marketable roots

varied among genotypes and population densities. In 1995/96 season, weight of

individual marketable root varied with population density only. Season had no

significant effect but spatial arrangement and population density had significant

effects on weights of individual marketable root (Appendix 14).

Average weight of marketable root decreased with increase in plant

population density (Figure 8) due to increase in intra-specific competition for

nutrients and space. It negatively correlated with population density (r=-0.507**

season, it was 4.2% higher in single row than double rows. Average weights of

individual unmarketable root varied among genotypes in 1994/95 season but not

in 1995/96 season (Figure 9). Season had significant influence on individual

unmarketable root size. The average weight of unmarketable roots had no trend

with population density. The average weight of marketable roots was 4.6%

higher in the double rows than single
-

The average weight of unmarketable roots was 6.7% higher in the single row than

row in 1994/95 cropping season.

16.1% in the single row but increased it by 18.8% in the double rows. On the

and r=-0.622**) in 1994/95 and 1995/96 seasons, respectively. In 1995/96
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the double rows in 1994/95 season. Intercropping increased average weight of

marketable roots by 8.9% and 1.5% in single row and double rows arrangement,

respectively in 1994/95 season.

In 1995/96 season, intercropping increased the weight by 13.5% of the sole crop

weight in the single row but reduced it by 4% in the double rows arrangement.

The average weight of unmarketable roots was increased by 9.8% of the sole crop

weight in the single row but reduced it by of 8% in the double rows arrangement

in 1994/95 season. There was no consistency among genotypes in the average

weight of unmarketable roots. In 1995/96 season, the average weight of

unmarketable roots was 39.5% higher than in 1994/95 season in single and double

rows arrangement, respectively.
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Intercropping increased the weight by 21.8% and 20.1% of the sole crop weight

in the single and double rows arrangement, respectively.

Storage root yield

Total storage root yield varied among population densities in both seasons

(Figure 10). This seems to confirm that the performance of genotypes was more

dependent on population density because total storage root yield correlated with

population density (r=0.297*, r=0.207* n = 72) in 1994/95 and 1995/96 seasons,

respectively. In 1995/96 season, there was a significant genotype x population

density interaction effects. Total root yield varied across seasons. Sole-cropped

and intercropped yields were closely related (r=0.596**, n=24) in 1994/95

season but negatively and insignificantly related in 1995/96 season.

There were also genotype x population density interaction effects over seasons.

Storage root yield was 5.9% higher in the double rows than single row in

1994/95 season. In 1995/96 season, yield was 10.5% higher in single row than

double rows. Intercropping reduced yield by an average of 10% and 18.1% in

the single and double rows, respectively in 1994/95 season.
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Thus although yield was higher in the double rows, yield reduction was equally

high in the double rows. In 1995/96 season, intercropping reduced yield by an

On the whole, intercropping reduced storage root yield by anrespectively.

respectively.

Weights of unmarketable individual roots negatively and significantly correlated

with the amount of rainfall received during experimentation (r=-0.819*, r=-

0.895*, n=6) in 1994/95 and 1995/96 seasons, respectively.

Harvest index

Harvest index varied with spatial arrangement and population density in

population density. HI varied with season and population density ranging from

55.4% to 64.8% and from 50.3% to 58.1% in the single and double rows

arrangement, respectively in 1994/95 season (Table 50). In 1995/96 season, HI

ranged from 38.8% to 46% and from 36.6% to 39.3%, in the single and double

rows arrangement, respectively (Table 51). The highest HI of 64.8% and 58.1%

and double rows, respectively in 1994/95 season. In 1995/96 cropping season the

highest HI of 46.0% and 39.3% were produced at population densities of 22, 222

and 33, 333 plants/ha in the single and double rows arrangement, respectively.

were produced at population densities of 66, 666 and 33, 333 plants/ha in single

average of 37.7% and 14.1% in 1994/95 and 1995/96 cropping season,

1995/96 season but not in 1994/95 season. There was no definite trend with

average of 41.3% and 33.9% in single and double rows arrangement,
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Intercropping reduced HI by 7.9% and 4.3% in single and double rows

arrangement, respectively in 1994/95 season, and by 14.2% and 15.8% in single

and double rows arrangement, respectively in 1995/96 season.

Shoot/root ratio (S/R)

Shoot:root ratio varied significantly among population densities and spatial

arrangements only during 1995/96 cropping season. In 1994/95 season S/R ratio

was 8.3% lower in single row than double rows (Table 50). In 1995/96 season

S/R ratio was 23.5% lower in single row than double rows (Table 51).

Intercropping reduced S/R ratio by an average of 4.5% and 16.7% in the single

row and double rows, respectively in 1994/95 season. In 1995/96 season

intercropping increased S/R ratio by an average of 23.1 and 17.6% in single and

double rows, respectively. Shoot/root ratio was 23.3% lower in 1994/95 than in

1995/96 season. Season and population density had significant influence on S/R.

High S/R is highly associated with low storage root yield.

Dry matter content percent (DMC %)

Dry matter content percent varied significantly among genotypes and

population densities in 1994/95 season but not in 1995/96 season. There were

significant spatial arrangement x genotype and genotype x population density

interaction effects on DMC %. DMC % was not correlated with population

density and yield per plant but was influenced by season and the effects of
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Generally, intercropping had nogenotypes spread over seasons as well.

However,significant effect on dry matter accumulation in storage roots.

intercropping increased DMC% by an average of 2.4% in 1994/95 season but

reduced it by an average of 5.3% in 1995/96 season. In 1994/95, season DMC

% was 3.5% higher in single row than in double rows, but was 1.5% higher in

double rows than in single row in 1995/96 season. Generally DMC % was 6.3%

higher in 1995/96 season than in 1994/95 season.
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4.6.0 Bean growth

Plant height

The effects of sweetpotato genotypes, spatial arrangements and population

densities on plant height were not significant (Tables 54 and 55). Plant heights

density. Intercropping reduced plant height by 3.2% and 4.2% of the sole crop

in 1994/95 and 1995/96 seasons, respectively.

Dry matter accumulation

Dry matter accumulation (DMA) did not vary significantly with population

and it decreased with increase in population density. This was reflected by the

negative correlation with population density (r=-0.298*, r=-0.304*, r=-0.309*,

n=72) at 6, 8 and 10 WAP, respectively.

In 1995/96 season, DMA was 8.3 % higher in single row than in double rows.

DMA increased with time but decreased with increase in population density.

Intercropping increased DMA in bean by 17.9% and 26.2% in 1994/95 and

1995/96 seasons, respectively (Figure 11).

were 3.9% and 2.3% lower in the double rows than single row in 1994/95 and

density in both seasons. It was 5.7% higher in single row than in double rows

1995/96 seasons, respectively. Heights decreased with increase in population
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Leaf area index

In 1994/95 cropping season, the effects of sweetpotato genotypes, spatial

arrangement and population density on bean LAI were not significant. There was

a significant spatial arrangement x population density interaction effects at 10

WAP. In 1995/96, LAI varied with sweetpotato population density at 8 and 10

Spatial arrangement x population density interaction effects wereWAP.

significant at 8 and 10 WAP. LAI was 2.5% lower in the single row than in the

LAI increased with time until 6 WAP and thendouble rows arrangement.

declined there after (Figure 12).

Intercropping reduced LAI by 5.1 % and 8.1% of the sole crop in 1994/95

and 1995/96 cropping seasons, respectively. LAI was positively correlated with

plant height (r=0.257*, n=72) and number of primary branches (r=0.488**,

n=72) and yield per plant (r—0.273*).
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4.6.1 Common bean plant diseases

The severity of CBB and ALS were not significantly influenced by spatial

arrangement, sweetpotato genotype and plant population density. Spatial

this stage the effects of sweetpotato genotypes were influenced by the spatial

arrangement.

The severity of CBB at R(8) and R(9) were 4% and 5.4% higher in the single

ALS at R(8) between the single and double rows, but severity at R(9) was 3.2%

higher in the double rows than in single row arrangement.

The severity of ALS at R(8) was lowest under sweetpotato genotype Bwanjule,

while CBB at R(8) and R(9) were lowest under Wagabolige and Bwanjule in that

order. The disease severity was 2.6% and 1.5% higher under genotype Tororo

3 compared to Wagabolige and Bwanjule.

4.6.2 Bean yield and yield components

Number of pods per plant

Treatment effects on the performance of bean varied. In 1994/95 cropping

season, spatial arrangements and sweetpotato genotypes did not significantly affect

row than double rows arrangement. There was no difference in the severity of

pod production (Appendix 15) but there were

pod production but it varied with sweetpotato plant density (Table 56). Season 

had no significant influence on

arrangement x genotype interaction effects on CBB at R(9) was significant. At
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significant spatial arrangement x population density interaction effects suggesting

that the effects of population density on pod production was dependent on

sweetpotato spatial arrangements.

In 1994/95 season, pod production was reduced by 23.1% and 30.8% of the sole

intercropping increased number of pods per plant by 11.1% of the sole crop only

in the double rows arrangement. Number of pods per plant decreased with

increase in sweetpotato plant density (Table 57).

Number of seeds per plant

In 1994/95 season, number of seeds per plant varied with sweetpotato

plant density but spatial arrangements and sweetpotato genotypes had no

significant effect. Number of seeds per plant was 6.2% more in single row than

In 1995/96 season, there was 7.7% moredouble rows in 1994/95 season.

seeds/plant in double rows ±an single row arrangement. Intercropping reduced

number of seeds per plant by 18.6% and 23.7% of the sole crop in the single row

and double rows of sweetpotato, respectively in 1994/95 season.

In 1995/96 season, intercropping reduced number of seeds per plant by 4.2% of

the sole crop in single row but increased it by 11.5% of the sole crop in the

double rows of sweetpotato. On the whole, intercropping reduced number of

seeds per plant by an average of 8.1 % of the mean sole crop number for the two

cropping seasons. Number of seeds per plant

sweetpotato population density (r=-0.279*, n=72) in 1994/95 season.

was negatively correlated with

crop in the single and double rows, respectively. In 1995/96 cropping season



159

The effects of sweetpotato spatial arrangement and population density on number

of seeds per plant are illustrated in (Figure 13).

The 100 dry seed weight (100 DSW)

Sweetpotato genotypes, spatial arrangements and population density had

no significant effect on DSW. There were significant differences in the effects

of season on 100 DSW. Sweetpotato genotype x spatial arrangement, and season

significant.

x genotype x spatial arrangement interaction effects on 100 DSW were
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In 1994/95 season, intercropping reduced 100 DSW by 6.1% and 7.3% in single

In 1995/96 season,

intercropping reduced 100 DSW by 7.3% and 6.6% in single row and double

in sweetpotato density in the single row but there was no trend in the double rows

arrangement.

Seed yield per plant

Seed yield per plant varied significantly with sweetpotato population

significant genotype x population density interaction effects on bean yield per

density on bean yield per plant was dependent on sweetpotato genotypes. Seed

yield per plant varied significantly with season. The effects of population density

was also significant over seasons. Sweetpotato genotype x population density and

season x genotype x population density interaction effects were significant. These

interactions indicate that the effects of sweetpotato genotypes was influenced by

population density and that the combined effects of sweetpotato genotypes and

population densities on bean yield per plant was influenced by season.

Yield per plant decreased with increase in sweetpotato plant density and

was reduced by 38.6% and 40.3% of the sole crop yield in single row and double

rows in 1994/95 season. In 1995/96 season, yield per plant was increased by

7.7% and 20% of the sole crop yield in single and double rows, respectively.

i

rows, respectively. In 1994/95 season, 100 DSW slightly decreased with increase

row and double rows arrangement, respectively.

plant (Tables 58 and 59). This showed that the effects of sweetpotato plant

density in both seasons. In both 1994/95 and 1995/96 seasons, there was a
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Dry bean seed yield

Total dry seed yield (TDSY) was affected only by sweetpotato plant

density in both seasons. TDSY also varied over seasons. The effects of

correlations (r = -0.377**, r = -0.338**, n=72) in 1994/95 and 1995/96 seasons,

respectively (Figure 14).

TDSY was 49.9% higher in 1994/95 season than in 1995/96 season. The

variations in yield across seasons could be attributed to variabilities in weather

conditions during experimentation. Treatment means varied among the various

cropping systems across seasons.

sweetpotato population density on TDSY were reflected by its negative
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4.7.0 Sweetpotato/bean intercrop productivity.

Productivity varied with sweetpotato spatial arrangement and population

It increased with increase in sweetpotatodensity in both cropping seasons.

population density (Table 60) and was 22% higher in 1995/96 season than in

1994/95 season.

Sweetpotato storage root yield was 1.5% higher in the single row than in double

rows in 1994/95 season, while in 1995/96 season, yield was 10.5% higher in

double rows than in single row. Bean yield was 7.5% higher in single row than

in double rows in 1994/95 season. The highest sweetpotato yields of 15.45 t/ha

and 19.65 t/ha were produced at population density of 66,666 plants/ha in

1994/95 and 1995/96 season, respectively. However, very low bean yields of

222.25 kg/ha and 481.15 kg/ha were obtained. The yields were 29.9% and 24%

lower than the mean yield, respectively. The highest productivity of 15.73 t/ha

and 20.13 t/ha were produced at plant density of 66, 666 plants/ha in 1994/95

and 1995/96 season, respectively. However, the contribution of bean yield to the

productivity was only 2.4% and 1.4% in 1994/95 and 1995/96 cropping season,

respectively.

4.7.1 Competition between sweetpotato and bean

The competition ratio (CR) of bean was 61.7% and 50% higher in the

single row than in double rows in 1994/95 (Table 61) and 1995/96 (Table 62)

season, respectively. In 1995/96 season, CR for bean was significantly
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also a significant spatial arrangement x population density interaction. This

implies that the effects of sweetpotato population density was influenced by the

sweetpotato spatial arrangement.

L

influenced by sweetpotato spatial arrangement and population density. There was
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In 1995/96 season, CR negatively correlated with sweetpotato plant density (r=-

0.422**, n=72). CR for bean decreased with increase in sweetpotato population,

thus sweetpotato dominated the cropping system (Figures 15a, b and 16a, b).

The most competitive sweetpotato genotype was Tororo 3 (Figure 17a), while

Bwanjule grew away from bean to avoid competition (Figure 17b).

The CR for sweetpotato varied significantly with both spatial arrangement and

population density in 1994/95 season, but only with population density in 1995/96

arrangement in 1994/95 season, and 32.9% lower in single row than double rows

in 1995/96 season.

CR increased with increasing population density and was correlated (r=0.314**,

r= 0.375**, n=72) in 1994/95 and 1995/96 season, respectively.

It is likely that bean competed favourably with sweetpotato in the single row

arrangement of sweetpotato when bean crop closed over sweetpotato crop. This

may partly explain the higher CR in single row than in double rows arrangement

of sweetpotato.

The CR for sweetpotato and beans were negatively correlated (r=-0.799**, r=-

competitive abilities of both crop species are reflected in their relative yields (RY)

(Table 63). The RY of bean varied significantly with sweetpotato plant density

in both seasons while that of sweetpotato did not vary significantly.

cropping season. The CR was 50.0% higher in single row than double rows

0.682**, n=72) in 1994/95 and 1995/96 season, respectively. However, the



174

Fig.15 a.

Fig.15 b. Sweetpotato at moderately low population 
density with a CR of 3.22 against 0.42 for bean. 
Bean competed fairly well with sweetpotato.

Sweetpotato at low population density 
with CR of 2.12 against 0.61 for bean. 
Bean competed favourably with sweetpotato.
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Fig.16 a.

Fig.16 b.
a

I i

Sweetpotato at its optimum 
population density in mixtures 
with bean. Sweetpotato dominating with 
CR of 5.38 against 0.24 for bean.

Sweetpotato at high population 
density dominating over bean with 
CR of 5.3 against 0.24 for bean.



Fig. 1 7 a.

Fig.17 b.

Tororo 3, the most competitive sweetpotato 
genotype. It mixes more intimately with beans.

Sweetpotato genotype Bwanjule 
growing away from bean in order to 
receive better interception of 
photosynthetically active radiation.
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le rows arrangement

The RY of sweetpotato slightly increased
sweetpotato plant

density in both seasons.

inThe RY of bean decreased with increase

0.397**, n=48 and r=-0.349**, n=72) season,

respectively. The RY of bean dependent on the competitive abilities of the bean

plant and were highly correlated (r= 0.592** n=72). In 1994/95 season, RY of

bean was only 3.1% higher in single row than in double rows but in 1995/96

season, the RY was 16.9% higher in double rows than in single row.

highly correlated with LER (r= 0.669** and r=0.631, n=72), respectively in

1994/95 season.

4.7.2 Aggressivity Coefficient (AC)

The magnitudes of aggressiveness of sweetpotato and bean grown in

association varied with sweetpotato plant density and genotypes in 1994/95

respectively.

AC linearly correlated with sweetpotato population density (r=0.361** n=72

and r=0.371**, n=48) in 1994/95 and 1995/96 seasons, respectively.

plant density in both seasons (Table 64) and was 9.3% and 72.7% higher in

There was no significant difference between single and do bl 

but, in 1995/96 season RY was 9.7% higher in double

The RY of bean and sweetpotato are the determinants of LER, hence they are

sweetpotato plant density (r=- 

in 1994/95 and 1995/96

with increase in

season. Aggressivity coefficients (AC) increased with increase in sweetpotato

single row than double rows of sweetpotato in 1994/95 and 1995/96 season,

rows than single row.
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In 1994/95 season, AC was positively correlated with sweetpotato CR (r=0.586,

n=72) but negatively with bean CR (r=-0.575**, n=72). In 1995/96 season,

AC was positively correlated with sweetpotato CR (r=0.621**, n=72) but

negatively with bean CR (r=-0.613**, n=72). This relationship indicated that

the AC were dependent more on the competitive abilities of sweetpotato and bean

crops. It also shows that sweetpotato crop generally dominated over bean crop

in the mixtures.
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4.7.3 Land use efficiency in sweetpotato/bean association

Intercropping sweetpotato with bean was advantageous because the LER

values were greater than unity in the various mixtures. In 1994/95 and 1995/96

seasons, the highest LER was 1.41 and 1.34, respectively. These were achieved

in crop mixtures with sweetpotato plant density of 22, 222 plants/ha. The LER

ranged from 1.33 to 1.41 and from 1.13 to 1.34 in 1994/95 and 1995/96 seasons,

respectively, suggesting that more than 33-41% and 13-34% more land would be

required to plant sole crops of sweetpotato and bean to produce the same yields

of sweetpotato and bean that were produced in mixtures.

However, ATER values were generally below unity (Table 65). ATER under

resulted into values greater than unity, showing that intercropping sweetpotato

with bean was advantageous because the LUE was increased.

4.7.4 Monetary equivalent ratio (MER)

Results showed that intercropping sweetpotato with bean is economically

season, MER ranged from 1.0 -1.14 and from 1.0-1.20 in the single and double

rows, respectively (Table 66). In 1995/96 season, MER ranged from 1.05 -1.32 

and from 1.04-1.39 in single and double rows, respectively (Tables 67 and 68). 

There was no significant difference in bean MER between spatial arrangements 

but it varied with sweetpotato plant density.

estimates while LER over estimates LUE. The average LER added to ATER

advantageous because the MER values were greater than unity. In 1994/95
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MER for sweetpotato were not significantly different among the sweetpotato

population densities.

plant sole crops of sweetpotato and bean in order to realize the same yields of

sweetpotato and bean to generate the same amount of cash income obtained from

the mixtures.

Bean MER were positively correlated with total MER (r=0.678**, n=72,

were also positively correlated with total MER (r=0.700**, n=72, r=0.643,

n=48) in 1994/95 and 1995/96 cropping seasons, respectively.

The results showed that on average about 15% more land would be required to

r=0.741**, n=48) in 1994/95 and 1995/96, respectively. Sweetpotato MER
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The correlation coefficients appear to indicate that bean crop contributed more

than sweetpotato in terms of cash income. This may be true because the cost of

fresh sweetpotato storage root. Monetary equivalent ratio is the conversion of

land equivalent ratio into economic terms and are strongly associated (r=0.954**,

n=72 and r=0.973**, n=48).

Results of this study show that intercropping of sweetpotato with bean is

both biologically and economically advantageous (Table 69). LER, average LER

very close to each other although they were derived from different mathematical

procedures.

4.8.0 Foliar nutrient levels in sweetpotato and bean at 45 DAP.

Foliar nutrient concentrations varied between bean and sweetpotato for N,

P, K and Ca (Table 70). Foliar concentrations of N, P and K were higher by

10.0%, 28.5% and 56.7%, respectively in sweetpotato than in bean. However,

foliar Ca concentration was 48.1% higher in bean than sweetpotato.

one kilogram of bean is about 72.5% higher than the cost of one kilogram of

+ ATER and MER were 1.37, 1.36 and 1.35, respectively. These values are
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The differences in concentration show that plants differ in their requirements for

nutrients and uptake may depend on the amount of nutrient available in the soil.

Foliar P, K and Na concentrations increased with increase in sweetpotato

The nutrient levels were positively correlated amongpopulation density.

themselves except N which decreased with increase in Na concentration, an

indication that the uptake of one nutrient may influence the uptake of the others.

The concentration of Na also varied significantly with Ca concentration, but

In sweetpotato Ca concentration was positivelyinsignificantly with Mg.

correlated with K concentration (r=0.390*, n=24), while in bean foliar N, K and

Ca concentrations were positively correlated with soil P (r=0.463*, r=0.411*,

r=0.441*, n=24) (Appendices 16 and 17).

In bean foliar N, P and K concentrations were also positively correlated with soil

Kconcentration (r=0.641**,r=0.526** and r=0.519**) respectively, suggesting

that P and K are interdependent and both may have influence on N but only P has

(r—0.568**). Foliar K and Ca concentrations positively correlated with soil K

and Ca (r=0.519**, r=0.568**), respectively.

significant influence on Ca which was highly correlated with soil Ca
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4.8.1 Soil nutrient uptake under sweetpotato/bean association

Soil P and Ca concentrations were much lower before cropping than

during crop growth (Table 71). At 45 days of crop establishment, soil OM, K,

Na, Ca and Mg levels were higher while N and P levels were lower in

intercropped than sole-cropped soil at 45 days of crop establishment. At bean

harvest, OM, N, P, K, Ca and Mg levels were higher in sole-cropped than in

intercropped soil.

At sweetpotato harvest, OM, P, K, Na, Ca and Mg levels were lower in

intercropped than sole-cropped soil except N. Confidence limits at LSD (0.05)

indicated that there were significant differences in the means at different sampling

stages.

At 45 day of crop establishment, sweetpotato population density significantly

influenced uptake of K which was reduced by 12.2% of the sole crop soil K

level. This seemed to indicate that K requirement by crop mixtures was higher

than the requirement by sole crop, and that the demand for K was higher than for

other soil nutrients. Soil Mg was positively correlated with bean yield

(r=0.331*, n=72).



192

co

CD
o

a.

tn

z. c£

o ■55

(O

CD ±3
■S £

II
<CD

CO CO

6 6O
O

CM

6

O 
CD

6

O
CD

CO CO

ID LD

CD LD
CD CD

6 6

00 00
CD CD

O O
CM CM

_0) 
O

CD 00 LD

LD LD LD

O ID O 
CM CM CM

6 6 6

O 

O

LD CO ID
CM CM CO

6 6 6

CM CM
CM CO CO

O 

O

o co

x 
CL

cd
O

(0
X

E

co

o 
CO

6

LD
CM

6

00 00 CD 
cd r- CD
6 6 6

o co

c 
co 
CD 

JO

O 
CO

00 LD
LD CO
6 6

CM
LD CD

r- co
CN CM

6 6

co
CM CM

6 6

-Q

H

(D
ID
CD
CD

CT)

§_o
76

■2 
o

_C0 
CD

_Q

0
4= 
D 
C

CD 
.E
Q_ 
CL 
O 

6

o r- cd 
cd cm
6 6 ’4-

c 
(U

<6
CD

_Q

(0
T3

(U

£
o
CD
CD

,E
k.

"O

E 
o 
co

CD 
CL

E
CL
CL

LD

4k*

CO
o

£z
o

o 
co
c 
o
c 
cu 
CD 

JO

§
o
2 
a

CD 

.E

CL
O

k.o
*1—

CL
_C0 
a>

CD

£ □ c

t- CM

6 6

00 <4-

X T-^ 6

•£ <

t— ID CM
00 O CM

r-’ 6

rt o
6 6

r- cd
CM CD

6 6

ld
CM CM

6 6

CD CM 

x 9 6 6

o co 
t— ID 
r-^ 6

0)

£ 3
Q X

00 CD
-- 6

.E co

U)
<75

£• CD 
a) 
0) 
5 w
CD r- 
■| t; 
CL Qj 

2 2 o

2

CD 
0)
£

< JZ

U)

"§) _
- o => 2 

CO CL Q

(0 
JZ

•= 2

!2 £■ 
Q <D 
(D O 

3= S 
LD <D

•u o
Q. S a«° <■ 0 ro 

w -0 o
Q) O Q.

O 
<D 
5 
V)

co 
<D 

£ 
(D 

JQ

Q <D 
ID -0 

’t

o. 'a
E ° 
to

CD

x> o 
o. S 
CL O

.= CO



193

However, Mg was negatively correlated with sweetpotato yield (r=0.280*,

n=72). Soil pH, OM, P, N, K, and Ca were negatively correlated with clay

r=-0.740**),

respectively. Namulonge soil is predominantly sandy clay loam dominated by 1:1

clays (Kaolinitic) which are known to retain P to greater extent and control K

fixation in both quantity and nature (David and Eswaran,1990; Tisdale et al.,

The activities of the clay soils may be responsible for the negative1985).

correlation of soil nutrients with bean yield because they were available in un

available form.

Silt has insignificant influence in the uptake of soil nutrients by crops.

At bean harvest, soil OM, N and P levels were 25.9%, 18.8% and 13.1% lower

than the levels under sweetpotato sole crop, respectively. There was a decrease

in the level of each nutrient. At sweetpotato harvest, P level in intercropped soil

positively correlated with population density (r= 0.336*, n=48). Sweetpotato

yield was positively correlated with soil OM, K, Ca and Mg (r=0.470**,

(Appendices 18 & 19).

was significantly reduced by 9.9% of the sole-cropped P level. Soil Mg was

r—0.310*, r—0.556** and r=0.480), respectively at sweetpotato harvest

(r = -0.544**, r = -0.366, r = -0.676**, r = -0.122, r = -0.403,
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CHAPTER FIVE

DISCUSSION

Soil physical and chemical characteristics at the experimental

sites

The variations in soil nutrient levels across experimental sites may be

attributed to the different cropping patterns. In 1993/94 season sweetpotato/bean

association was planted in a field which had been under pasture for three years.

sweetpotato/bean association followed

groundnuts.

Effects of intercropping on growth and yields of sweetpotato

and bean

No significant differences in the interception of photosynthetic active

(1983) that optimum light interception in mixtures is dependent on morphology,

relative growth duration, plant pattern and density. Intercropping increased

photosynthetically active radiation intercepted, confirming reports by Crookston

and Kent (1976); Stem and Donald (1962); Pendleton and Seif (1962); Harris

(1990); Willey and Osiru (1972) that light resource is better utilized in mixtures

than in the sole crop situation. The deviation from the mean decreased with time,

indicating that at early growth stages canopy density varied among intercrop

combinations.

radiation were observed among mixtures. This agrees with a report by Cock

In 1994/95 and 1995/96 seasons the
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Sweetpotato vine length and vine growth rate were either reduced or

increased but not significantly by intercropping. The 4.6% increase in growth

rate in spreading genotypes might have been due to the growth habit, trailing

grow into the soil and greatly increase the effective feeding area, hence growth

of the crop (Onwueme, 1978). Competition for light between the erect and the

semi-compact genotypes with bean was critical because of their similar growth

habits with bean.

Higher growth rate than in sole-cropped situation was expected especially among

the erect genotypes but a reduction in both vine length and vine growth rate

The semi-compact genotypes were genetically limited and could notoccurred.

Further more bean crop suppressedtherefore grow beyond their optimum.

growth in them through stiff competition for both light and nutrients. The erect

genotypes could probably have grown much taller but it appears that competition

rate in double rows of sweetpotato may be attributed to low shade effect of bean

crop, compared to high shade effect in the single row of sweetpotato.

It appears that in the single row arrangement both intra/inter-specific competitions

were higher than in double rows of sweetpotato as evident by the lower vine

Vine growth rate was

reduced in erect genotypes by bean as they possess similar growth characteristics.

The significant sweetpotato genotype x spatial arrangement interaction at 8 and

10 WAP and sweetpotato genotype x population density interaction effects

indicate that the effects of spatial arrangement and population density were

growth in the single row than in the double rows.

below bean to reach source of light. Also roots formed at the various nodes

for light and other growth resources was simultaneous. The high vine growth
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Bothdependent and or influenced by the different sweetpotato genotypes.

indeterminate and determinate bean genotypes attained highest heights under the

erect sweetpotato genotypes. Bean grown with semi-compact sweetpotato had no

grown with the spreading sweetpotato genotypes probably had minimum

competition for light because the bean canopy was above that of sweetpotato.

Plant height at first branching was higher in determinate than in indeterminate

periods. Graham (1981) observed ±at the determinate beans generally mature

earlier than indeterminate type.

This suggests that growth should be fast enough to attain a suitable height before

branching. Bean plant height was higher in the single

row than double rows of sweetpotato and it decreased with increase in

sweetpotato population density. Under high sweetpotato population competition

for both light and nutrients was critical. High sweetpotato population also shaded

bean crop. The differences in ±e degree of competitive abilities and aggressivity

coefficient of the various sweetpotato and bean genotypes in association might

help to explain the differences in plant height. Bean genotypes with high

competitive abilities and are aggressive competed favourably with sweetpotato.

Dry matter accumulation (top biomass) in sweetpotato varied among

genotypes due to genetic variability among the genotypes.

The significant sweetpotato genotype x bean genotype interaction effects on DMA

indicates that intercropping effects differed with bean genotypes. Bean crop

reduced sweetpotato growth significantly during phase one of sweetpotato growth.

significant difference in height as both crops have bushy growth habit. Bean

bean. This may be attributed to differences in genetic variability in maturity



197

Phase one is characterized by slow growth of the vines with poor canopy

coverage (Woolfe, 1992) and since bean crop grew faster, by 4 WAP it would

have attained a good canopy which shaded sweetpotato crop. At 10 WAP, DMA

decreased due to rapid growth of vines, increased leaf area, and root initiation

and development taking place in phase two, with assimilates being partitioned to

Generally, however, intercropping significantlyvarious parts of the plant.

reduced dry matter accumulation in sweetpotato due to competition for growth

double rows arrangement probably due to the low number of plants sampled/unit

area.

Crop growth rate (CGR) in sweetpotato were generally smaller at first,

increased to a maximum and then declined towards maturity. Early in the season

CGR rate was lower because the crops have low photosynthetic capacity which

increases until maximum and declines later in the season due to few actively

photosynthetic leaves (Hahn and Hozyo, 1984).

In sweetpotato CGR negatively and significantly correlated. with sweetpotato

population density, suggesting that more dry matter was accumulated under low

competition for growth resources. In bean CGR was higher in determinate (large-

seeded) than in the indeterminate (small-seeded) genotypes under mixed crop

situation where

situation. This is contrary to a report by CIAT (1980 b) that CGR decreased as

only intra-specific competition for growth resources occurred. 

Intercropping affected the vegetative growth of both component crops in all 

mixtures although at different magnitudes.

seed size increased. Probably CIAT results were obtained from sole-cropped

resources. DMA was lower at low population density (16,666 piants/ha) in
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This was reflected in the leaf area indices (LAI) of the component crops. LAI

of sweetpotato and bean varied significantly among genotypes partly because of

the variations in leaf number, leaf size, length, shape, branching abilities, degree

of mutual shading, number of growing points, leaf longevity, nutrient uptake,

water requirement and to some extent the growth habits of the component crops

(Hahn and Hozyo, 1984). LAI were lower in genotypes with spreading and erect

growth habit than the semi-compact types mainly due to morphological

differences.

A Russian worker, Nichiporovic suggested that every crop has an optimum LAI

which ranged between 2.5 and 5.0 (Black and Watson, 1960). Although Black

and Watson’s report may hold true for crops grown in pure stands, it may not be

so for crops grown in mixtures. Further variations in LAI are expected in

different crop genotypes with varied morphological characteristics. For example

rate of leaf production and leaf longevity vary among genotypes hence optimum

LAI. In this study LAI was reduced by intercropping due to competition.

The optimum LAI for sweetpotato and bean in mixtures obtained from this study

range from 3.6 to 4.6 and 2.48 to 2.50, respectively, and that for sole

sweetpotato and bean 4.6 to 5.3 and 2.4 to 2.6, respectively.

LAI increased with time until optimum and declined thereafter as expected. This

occurred because leaf expansion takes place in the early phase of growth, and at

maximum canopy LAI is fairly static and expansion of new leaves approximately

balanced by senescence of old leaves in succession from the base of the stem

upwards. At leaf senescence stage LAI falls off.
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The variation in LAI with time is therefore ascribable to changes in leaf area per

plant. High population density increased LAI in the early growth stages and

usually has some influence on peak LAL Formation of primary branches may not

have significant effect on LAI since branching and therefore leaf production per

plant are normally reduced at high population density.

The positive and significant correlation between sweetpotato LAI and population

density suggests that the greater the number of plants per unit area the higher the

LAI for sweetpotato. The significant sweetpotato genotype x population density

interaction at 10 WAP; and spatial arrangement x population density interaction

effects indicate that the effects of population density was dependent on the

different sweetpotato genotypes and spatial arrangements. In bean, LAI increased

with increase in number of primary branches which increased the number of

leaves per plant that enhanced interception of PAR.

The relationships between vine yield and other yield components are clear

evidence that each component was dependent on one another.

For example, the negative correlation between vine yield and harvest index (HI)

suggests that a genotype with high vine yield is likely to have low HI and vice

Low HI may result because growth resources have been diverted toversa.

vegetative growth at the expense of storage root development and enlargement

(Onwueme, 1978). The negative correlation between vine yield with numbers of

marketable and unmarketable storage roots might help to confirm the diversion

of growth resources to vegetative parts.

As shoot: root ratio increased with increase in vine yield, storage root yield

decreased because the activities leading to storage root yield are impaired as more
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growth resources are mobilized to vegetative growth. Thus storage root yield is

inversely related to vine yield and shoot:root ratio. However, not all genotypes

with high vine yields produce low storage root yields. Results showed that some

of the genotypes do not have both potentials as reflected in their harvest indices.

Vine yield was negatively correlated with sweetpotato population density

suggesting that an optimum population density for optimum vine yield in

sweetpotato/bean mixtures could be determined. The decrease in vine yield with

increase in population density may be attributed mainly to intra-specific

competition for growth resources. This could be useful in the production of vines

as livestock feeds.

Vine yield per plant was higher in double rows than single row due to high

competitive ability of bean which was 61.7% higher in single row than double

rows. This has been shown by the significant interaction between spatial

arrangement and population density. Vine yield was lower in 1993/94 season

than 1994/95 season, suggesting that sweetpotato did not completely dominate

over bean. In 1994/95 season, sweetpotato dominated over bean hence higher

vine yield. Therefore, in the selection of suitable genotypes for sweetpotato/bean

indicators of compatibility of

sweetpotato with bean.

among genotypes, spatial

arrangement, population density and season.

population density and season x population density interaction effects on the

number of marketable roots; season x spatial arrangement x population density,

genotype x spatial arrangement x population density and genotype x spatial

The significant genotype x

association vine yield and HI could be used as

Storage root size distribution varied



201

arrangement x population density interaction effects on the number of

unmarketable roots indicate that the performance of genotypes were dependent on

population density. The effect of population density on number of marketable

roots were influenced by season and the performance of genotypes were

The combined effects of spatial arrangements anddependent on season.

population densities were dependent on both genotypes and season. Genotypes

have varied genetic potentials, for example Tanzania produced the highest

numbers of both marketable and unmarketable roots/plot, suggesting that

Tanzania has the potential of apportioning growth resources between storage root

development and enlargement so that both occur concurrently.

The positive and significant correlation between numbers of marketable and

unmarketable roots confirms Tanzania’s potential. It also suggests that rate of

root development was possibly equal to rate of root enlargement. However, this

situation may be reversed when growth resources become limiting. This also

suggests that selection of genotypes for association could consider storage root

storage root size and the indeterminate bean was more compatible with the

spreading sweetpotato genotype, while the determinate bean was more compatible

with the erect sweetpotato genotypes.

sweetpotato yield (AVRDC, 1989). This compatibility may be associated with

growth habits, competitive abilities and aggressivity of the crop species in

mixtures.

This agrees with the report that legume genotypes had significant effects on

size distribution as a criterion. Bean genotypes had significant influence on



202

The spatial arrangement of the mixtures was intended to enhance

complementarity and reduce competition between the mixtures so. that the

physiological advantage from combining the two components is maximized

There were variations in the performance of mixtures over(Willey, 1979a).

For example in one season the storage root quality was 5.1% higher inseasons.

the double rows than in the single row of sweetpotato and during the other season

root quality was 10.3% higher in single row than double rows of sweetpotato.

However, this variation may partly be attributed to variability in moisture

distribution during root development and enlargement in the two seasons, and

partly to availability of growth resources in the soil.

The number of marketable and unmarketable roots increased with increase

This may be attributed to number ofin sweetpotato population density.

plants/unit area. This could also be due to higher moisture retention under high

population density. Nevertheless, this was not expected since it is assumed that

growth resources might become limiting under high population density.

Intercropping improved root size by increasing the weights of storage

roots. Genotypes, New Kawogo and Wagabolige produced the highest individual

root weights both for marketable and unmarketable sizes. These are the best

yielder of all genotypes tested.

However, root size distribution varied with bean, sweetpotao genotypes and

The

positive correlation between weights of individual marketable root with vine yield

may be explained in terms of source-sink relationship in sweetpotato crop. Kato

and Hozyo (1974, 1978) have concluded that it is primarily the characteristics of

season. These factors had interaction effects on root size distribution.
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the sink (storage roots) and not those of the source (leaves) that determine the rate

of photosynthesis and the total yield. Cultivars with inherently large sink capacity

will respond to differences in source more than those with poor sink capacity.

Hahn (1977 b) reported that sink characteristics more than source characteristics

affect photosynthesis and translocation and that the sink thereby regulates dry

matter production and yield.

There is an inverse relationship between the growth of leaf and storage

roots because there was a significant negative correlation between vine yield and

As storage roots increase in size, branch and leaf productionharvest index.

gradually ceases and the existing leaves senescence and the total leaf area

declines.

This results in a decrease in the rate of photosynthesis and storage root growth.

new leaf growth serves to prolong the duration of growth of the crop and

contributes to increased yield.

However, too large an investment in new shoot growth is inefficient and can lead

to poor yields (Tsuno and Fujise, 1963).

The variation in storage root size distribution between spatial arrangement

seasons. It negatively correlated with sweetpotato population density. Selection

for big storage roots should therefore be done at a lower population density.

The effects of population were mainly due to intra-specific competition for both

nutrients and space in the soil among storage roots because the number of

marketable roots decreased while number of un marketable roots increased with

was not significant but root size varied with population density and across

As this process continues, root growth eventually ceases. Some reinvestment in
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explained in terms of moisture distribution during growth.

Yield per plant was positively correlated with average weight of individual

marketable and total root yield, suggesting that selection for high total yield in

sweetpotato/bean association could also be based on yield/plant. The negative

and significant correlation between S/R and yield/plant further indicates that the

higher the vegetative yield the lower the storage root yield. Total storage root

competed sweetpotato crop, reducing total yield significantly. Entries 20 and 21

all bean genotypes except genotype A 197.

Differences in storage root yield was significant in

experiment I but not in experiment II. The observed increases may be explained

in terms of complementarity that occurred resulting from better temporal use of

resources, (Trenbath, 1976; Willey, 1979 a). The increase in storage root yields

in 1994/95 season may be attributed to variations in moisture distribution during

crop growth period. Phase I of sweetpotato growth and development is

dominated by rapid growth of adventitious roots and phase II is dominated by

rapid growth of the vines and hence large increase in leaf area accompanied by

initiation of storage root development (Onuweme, 1978 and Woolfe, 1992).

During these phases moisture requirement is critical. In 1994/95 season, there

have been worse in mixtures

tase II of sweetpotato growth compared towas a relatively low moisture during ph;

as both nutrient and moisture uptake by crops in

were out-competed by bean and the competition ratios for bean were highest for

yields were significantly influenced by bean crop. In some mixtures, bean out

increase in sweetpotato population density. The variations over season may be

1993/94 season. Therefore the growth conditions during the moisture stress could
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mixtures have been reported to be higher and competitive (Dalal, 1974; Kassam

and Stockinger, 1975 and Hall, 1974 a, b).

Intercropping increased yield of sweetpotato probably due to additional

nutrients released from the decomposing bean crop residues which was readily

available to sweetpotato crop. In 1993/94 season, bean was harvested at the time

when there was sufficient moisture in the soil which probably accelerated the

decomposition of bean crop residues to release nutrients which were subsequently

utilized by sweetpotato during the three extra months it remained in the field. In

1994/95 season, bean crop was harvested during a relatively dry spell and it is

likely that the decomposition of the crop residues by micro-organisms was not as

increased the rate of moisture loss from the soil surface due to evaporation. At

sweetpotato harvest, N level was higher in intercropped than sole-cropped soil,

indicating N release from the decomposed bean crop residues to benefit

sweetpotato. This agrees with report by Willey (1979 a) that nutrients released

from one crop as a result of senescence of plant parts are made available to the

subsequent crop.

Yield differences over seasons may also be explained by the growth

conditions during the final phase of sweetpotato growth when further vine growth

In

1994/95 season, there was so much moisture (monthly mean of 100 mm of

rainfall) during the final phase. Vegetative growth thus continued at the expense

of root enlargement.

ceases and a rapid bulking of storage roots takes place (Woolfe, 1992).

quick as in 1993/94 season to benefit sweetpotato. Bean’s harvest could have
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Total root yield was positively and significantly correlated with weight of

individual marketable root, suggesting that selection of genotypes for

high yield in sweetpotato/bean association could be based on the weight of

individual marketable roots obtained.

Sole-cropped and intercropped root yields were positively related, suggesting that

sweetpotato genotypes that performed better in sole stands performed equally well

Similar results were reported by Osiru et al. (1992) forin mixtures.

cassava/groundnut and cassava/maize systems. Root yield increased with increase

in sweetpotato population density.

The significant genotype x population density interaction effects on root yield

and the effects of population density was influenced by genotype and season.

Total storage root yields were positively correlated with HI, and genotypes with

high HI have correspondingly low vine yield hence S/R ratios. Negative

correlation of HI with vine yield suggests that assimilates were being directed

more for vegetative growth at the expense of storage root development and

higher than in experiment I because of varied sweetpotato spatial arrangements

and population densities. Yield per plant, hence total yield are significant

components of HI. According to Bradbury and Holloway (1988) the average dry

location, climate, season, soil type, incidence of pests and diseases and cultivation 

practices.

enlargement. In experiment II, HI for various cropping systems varied and were

over seasons indicate that different genotypes had different growth requirements

matter is about 30% but varied widely depending on such factors as cultivars,
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In this study dry matter content ranged between 31% to 34.1% in experiment I

genotype and genotype x population density interaction effects indicate that DMA

in roots was influenced by spatial arrangement and the influence of population

density was dependent on the genotypes. DMA was negatively and insignificantly

correlated with sweetpotato population density. Shar Fuddin and Voican (1984)

reported a small increase in starch brought about by decreasing population density

which they presumed provided the space required for better growth and increased

efficiency in photosynthesis. The report agrees with the results of this study.

The positive relationship between dry matter accumulation and yield per plant

suggests that yield per plant could be used as dry matter yield indicator in

genotype selection.

Bean yield and yield components varied significantly among genotypes and

intercropping reduced bean yield significantly. This may be attributed to inter­

specific competition between the component crops. Number of pods varied

The significant spatial arrangement x population densityamong genotypes.

interaction effects indicate that the effects of population density on pod production

was dependent on sweetpotato spatial arrangement.

The significant relationship between number of pod per plant, number of seed per

pod, seed per plant, yield per plant and total yield suggest that these variables

could be used as yield indicators in selecting bean genotypes for high yielding

abilities in mixtures with sweetpotato.

Sweetpotato population density significantly affected pod production. This agrees

with the observation that number of pod per plant in leguminous crops is usually

and 30.4% to 34.3% in experiment II. The significant spatial arrangement x
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the component most readily affected by competition (Willey and Osiru, 1974).

More pods, seed and yield per plant and highest total yield were produced in

single row than double rows of sweetpotato because the competition ratios for

bean were higher in single row than in double rows, indicating that bean out-

competed sweetpotato.

Number of seed/pod varied significantly among genotypes because of great

variability in seed size. Genotypes with large seeds such as A 197 form fewer

seeds/pod, while small seeded genotypes such as White Haricot form more

seeds/pod. Seed formation stage is very sensitive to competition as reflected by

the negative correlation with population density. Seed formation therefore does

not tolerate competition in mixtures.

The 100 DSW varied significantly among bean and sweetpotato genotypes

and season due to differences in seed size among genotypes. The significant

sweetpotato genotype x spatial arrangement and season x sweetpotato genotype

x spatial arrangement interaction effects on 100 DSW indicate that the effects of

combined effects of sweetpotato genotypes were dependent on season. The bean

genotypes have different seed colour, size and shape, with seed size being the

most important component in determining the seed weight. White Haricot and

seeds, while A 197 has large seed with weights within the range of >35 g/100 

seeds, Laing et al (1984). Stocker (1974) points out that the major components 

of yield that are affected by drought are the number of pods/plant and to a lesser

MMS 224 are small seeded with weights ranging from <25 g/100 seeds. GLP

585 has medium sized seed with weights within the range of >25 <35 g/100

spatial arrangement were dependent on sweetpotato genotypes. Similarly, the
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effects of season on 100 DSW may be attributed to the effects of moisture stress

at seed filling stage and harvest. The mean 100 DSW was 28.5 g in 1993/94,

compared to 25.5 g in 1994/95 season. This is because in 1994/95 season, there

Similar

seasonal effects on 100 DSW occurred in the second experiment in 1994/95

moisture, the process of germination begins and stored food is broken down into

sugars and energy is released. The germination process probably reduced weight,

harvest that 100 DSW seed weight was reduced.

Laing et al. (1984) observed that probably the most important factor in

determining cultivars’ response to intercropping is competitive ability, which in

simple terms defined as the effects of a variety on the yield of the associated

crop. Competitive abilities of sweetpotato and bean varied significantly among

the genotypes of each crop species in the mixtures. Sweetpotato genotype,

Tororo 3 was the most competitive among all the genotypes in mixtures with

bean. Entries 20 and 21 were the least competitive in mixtures probably because

they are genetically poor competitors under the experimental conditions.

Competition between crop species in mixtures varies depending on the

cropping systems and plant types employed. CIAT (1978) reported that Type 1

materials were the least competitive and gave poor yields when intercropped with

yield compared to White Haricot and MMS 224 (Type II) materials when

was a dry spell that coincided with podding and seed filling stages.

maize. In this study bean genotype GLP 585 (Type I) produced the highest seed

season. At harvest, bean seeds are physiologically matured and if they imbibe

hence the dry seed yield. In 1995/96 season, there was so much moisture at

extent the number of seeds/pod. Seed size is little changed. The significant
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The better performance of Type I withintercropped with sweetpotato.

Type II. Compared to maize, sweetpotato growth habits do not cause serious

competition for light as maize does in maize/bean mixtures. In experiment II,

White Haricot (Type II) produced the lowest seed yield under high sweetpotato

population density. This indicates that Type II bean have low competitive ability

and may perform well only in situation of low competition.

The negative and significant correlation between bean seed yield and sweetpotato

population suggests that the overall performance of bean in mixtures was greatly

influenced by sweetpotato plant density. This also suggests that selection of bean

morphotypes for high yield in sweetpotato/bean association can be done at high

sweetpotato plant density.

In the second experiment bean was more competitive in the single row

than double rows of sweetpotato. Single row arrangement permits bean crop to

cover sweetpotato more ±an in the double rows arrangement. Under this growth

situation sweetpotato crop received minimum PAR. However, the competitive

ability of bean decreased with increase in sweetpotato population density,

suggesting that bean crop does not tolerate high competition in mixtures. Bean

would therefore prefer a mixture with appropriate sweetpotato population in order

to compete favourably. The dominance of sweetpotato over beans is reflected in

The competitive abilities of the various intercrop combinations were 

reflected in their relative yields (RY), which, if greater than unity, suggests that

the negatively and significant correlation between the competition ratio of bean 

with that of sweetpotato.

sweetpotato seems to indicate that it is more compatible with sweetpotato than
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intercropping increased yields of the component crops to a level greater than the

sole crop yield of each component crop. Relative yield of sweetpotato increased

with increase in population density. However, this increase was not statistically

significant.

On the other hand, the RY of bean was negatively and significantly correlated

with sweetpotato population density, suggesting that bean crop yield was reduced

relative to bean yield in sole-cropped situation. However, the RY of bean was

higher in single row than double rows of sweetpotato, indicating that bean yield

in single row arrangement was higher than in the double rows arrangement. The

intercrop combinations that gave higher values of RY of both sweetpotato and

bean show compatibility of sweetpotato and bean in mixtures, while that which

gave lower RY values show incompatibility, producing much lower yields than

their sole crop yields. In a combination where values of RY were not

significantly different, suggests equal effects of intercropping.

The aggressivity coefficient (AC) was negatively and significantly

correlated with CR and RY for bean in experiment I. This relationship suggests

that in the selection of suitable bean genotypes for intercropping with sweetpotato

the RY and CR could be included as components of the selection criteria. On the

other hand, AC was significantly and positively correlated with sweetpotato CR.

This relationship suggests that sweetpotato crop generally dominated over bean

in mixtures.

was In single rowrows arrangement.

competitive ability of bean increased. Aggressivity coefficient 

higher in single row than double

The competitive ability of sweetpotato increased with population density, 

but decreased as
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arrangement, the crop components were very close hence intensive inter-specific

competition for growth resources.

Land use efficiency in sweetpotato/bean cropping systems

Willey and Osiru (1972) observed that advantages that may accrue from

mixing two species must be partly dependent on the requirements of the farmer.

If the farmer’s requirements are simply for maximum yield, irrespective of how

much comes from either species, then for a mixture to give a yield advantage it

must exceed the maximum yield of the higher yielding species. If it does not do

this, it would be more advantageous to grow only the higher yielding species.

This argument could apply in a situation where two cereals are being grown and

they are equally important. However, when two species such as sweetpotato and

bean are being grown the situation is different since these two species produce

very different types of yields.

In this situation, therefore, an advantage occurs if mixtures produce more yield

from a given area of land than can be obtained by dividing that area of land into

pure stand of the two species. On this basis, a yield advantage can occur without

mixtures exceeding the yield of the higher yielding species. The results of the

experiments reported here represent the situation where

from each crop species. Sweetpotato/bean mi

some yield was required

mixture yield under the traditional 

system is 14.1 t/ha. (Ocitti p’Obwoya and Smit, 1995) which was 32.3% less 

than the yield obtained in this study in 1993/94 season.
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17.7% higher than that of the

sole crop. In the second experiment, productivity varied with sweetpotato spatial

arrangement and population density. It increased with increase in sweetpotato

population because sweetpotato yield increased with increase in population

density, but bean yield decreased with increase in sweetpotato population density,

suggesting that the productivity of the system was more dependent on sweetpotato

yield level. Under this cropping system the productivity was 17.9% higher than

that obtained in the traditional intercropping system. The low productivity under

the traditional intercropping system indicates that land use efficiency was sub-

optimal probably due to inappropriate planting patterns, plant population density

sweetpotato with bean is advantageous because LER values were greater than

unity. Mean LER of 1.37 was achieved in four cropping seasons. LUE

estimated by adding average of LER to ATER showed that intercropping

increased productivity.

correlated with CR for sweetpotato but negatively with CR for bean, indicating

that sweetpotato dominated over bean and contributed more to LUE than bean.

In monetary terms intercropping sweetpotato with bean was economically

Quirol et al. (1985) who reported that intercropping sweetpotato with legumes 

was 3.5 times more profitable than Mean MER was 1.35,more profitable than sole cropping, 

indicating that an average of about 35 %

In 1994/95 season, productivity per hectare was

beneficial because the MER values were greater than unity. This agrees with

more land would be needed to plant sole­

cropped sweetpotato and bean in order to realize the same yields of sweetpotato 

and bean to generate the

and use of incompatible crop species. Results have shown that intercropping

same cash income obtained from mixtures.

The LUE obtained was 1.36. The LER positively
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This indicates that the components are compatible as intercrops as also reported

by Cruz et al. (1992) for sweetpotato/potato association.

The positive and significant correlation between bean MER and

sweetpotato MER with the total MER suggests that the cash return that would

from bean sale was not significantly different from that of sweetpotatoaccrue

despite the significant bean yield reduction by intercropping. This is ascribable

to higher cost price of bean seed which was about 73% higher than the cost of

fresh sweetpotato storage root at the time of experimentation.

The MER and the LER of this system were highly associated, hence either MER

or LER could be used to evaluate the biological and economic advantages of the

intercropping system. The average LER, LUE and MER values of 1.37, 1.36

and 1.35, respectively are not significantly different although they were derived

This suggests that in realityfrom different mathematical procedures.

sweetpotato/bean association under improved management practices have

significant biological and economic advantages over sole cropping of sweetpotato

and bean. Overall, intercropping sweetpotato with bean under improved

management practices significantly increased productivity.

Effects of intercropping on the incidence of common bean diseases

Intercropping provides better disease control than those of sole cropping

and rate of development of disease epidemic is reduced if a crop susceptible to 

a disease is intercropped with another that is resistant to it (Mukiibi.1976).

Intercropping sweetpotato with bean, although not statistically significant reduced
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the incidence of CBB and ALS by 21.9% and 27.5% of the sole crop situation.

The reduction was higher in beans grown with erect sweetpotato probably because

the two grew intimately in mixtures and therefore created a micro-climate for the

bean component which was not conducive for the development and spread of the

diseases. This agrees with the findings of Hasselbach and Ndegwa (1982) that

CBB and ALS incidence were lower in beans intercropped with maize than in sole

crop. However, Mukiibi (1982) reported no effect on the incidence or severity

of ALS in beans in mixtures with groundnut because groundnut had little effect

crop diseases seem to have certain specific environmental conditions that meet

their requirements.

The incidence of CBB was higher in single row than double rows of

sweetpotato because in the latter bean crop rows

rows while in the former sweetpotato rows were sand witching bean rows. In the

latter situation bean rows neighboured one another, thus giving close contact with

each other while in the former situation ±e bean crops were separated from crops

in the neighbouring ridges by sweetpotato crop which probably acted as a barrier

to disease spread.

The incidence of CBB at R(8) increased but not significantly with increase

severity but not significantly.

on the micro climate of the bean component in the intercrop. Thus, bean or other

were sandwiching sweetpotato

in sweetpotato population density. Sweetpotato plant types influenced disease
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Effects of intercropping on soil nutrient uptake.

After 45 days of crop establishment, foliar nutrient concentrations in

sweetpotato and bean were significantly different. Foliar nutrient concentrations

were higher in intercropped than sole-cropped sweetpotato and bean. The

observation shows that nutrient uptake in mixtures exceeded uptake in sole crops,

and that uptake varied among crop species. This is in agreement with reports by

Dalal (1979), Kassam and Stockinger (1975) and Hall (1974) of greater nutrient

uptake in mixtures than in sole crops. The relatively high concentrations of foliar

N,P,K and Ca in sweetpotato can also be explained by the increased demand for

nutrients by sweetpotato at various population densities, suggesting that

competition was high. Components may differ in the type of nutrients they

require and in their ability to extract them from the soil. Demand for nutrients

at different growth stages may also differ, Willey (1979 a).

The concentration of foliar K was much higher in sweetpotato than in bean

while the concentrations of Ca and Mg in sweetpotato was much lower than in

bean. Tisdale et al. (1985) observed that Ca and Mg compete with K for entry

into plants, thus at low concentration of Ca and Mg, K uptake increases. Foliar

concentration of Ca was high in bean probably because of low K concentration.

This was also true for Mg, although not significant. Foliar N was significantly

fixation of nitrogen by legume is at maximum only when the levels of soil

much lower before cropping than during crop growth.

available nitrogen is at minimum or low. Soil P and Ca concentrations were

lower in beans than in sweetpotato. According to Tisdale et al. (1985), the
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This agrees with earlier reports that organic P available in soils are lowered due

to continuous cultivation. Also workers in Iowa and Japan observed that during

cropping mineralization of organic P is accelerated with subsequent release of P

for uptake by crops (Tisdale et al., 1985)

However, the soil N level in the experimental field was low. Therefore, N

This indicates that the low N level infixation should have been at maximum.

bean was probably due to low competition by bean crop for N. The suggestion

agrees with the observation made by Enyi (1973), that leguminous crops will not

usually compete with other crop species for nitrogen but will compete for other

growth resources. Foliar N concentration in bean decreased with increase in Na

concentration which in turn decreased significantly with increase in Ca. In bean,

all foliar nutrient concentrations except Mg were negatively correlated to soil

In sweetpotato, foliar Mg negatively and significantlyavailable nutrients.

correlated with storage root yields, suggesting that either Mg concentration had

reached toxic level or there were interactions between Mg and other nutrients that

did not favour sweetpotato crop hence yield reduction in sweetpotato.

According to Tisdale et al. (1985), Mg deficiencies are not common and

capacities. The Namulonge soils lack these characteristics (David and Eswaran,

1990). Soil pH, OM, P, N, K and Ca were negatively correlated with clay.

exchangeable and solution forms of Ca are in dynamic equilibrium, such that Ca

removed by plants or leached is replaced from the adsorbed phase, therefore

ensures Ca availability to plants (Tisdale et al., 1985).

can occur only in acid, sandy, highly leached soils with low cation exchange

Foliar Ca was significantly correlated with Ca in the soil. This is because the
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Levels of OM, K, Na, Ca, and Mg were higher while N and P were lower

in intercropped than sole-cropped soil. The observation shows that the demand

for N and P by mixtures was higher than the demand for other nutrients. Thus

N and P may be exhausted faster in mixtures than in sole-cropped situation. At

sweetpotato harvest, levels of all other nutrients except N were low in

The observation suggests that N wasintercropped than in sole-cropped soil.

either replenished from nutrient re-cycling through the activities of the micro­

organism on bean crop residues or that rate of N uptake was lowest. This agrees

with Agboola and Fayemi (1972) and Misra and Misra (1975) who concluded in

but rather during subsequent plantings. P, K, Ca and Mg levels were lower in

intercropped than sole-cropped soil, indicating that sweetpotato/bean mixtures

extracted more of the nutrients than sole crops of sweetpotato and bean. This is

important because it indicates that intercropping sweetpotato with bean provides

an opportunity for maximum utilization of soil nutrients in a given volume of soil.

Tisdale et al. (1985) reported that higher plant population and closer spacing

affects nutrient needs of a plant particularly K. He observed that in

intercropping, total yield and removal of K per unit time are increased and this

intensifies the demand for soil K, accelerating the rate of K draw down and

Stephens (1968).

a study that legumes do not benefit associated non-legumes over the same period

significantly correlated with sweetpotato

was reported for K at Kawanda and Rubare by

expanding the amounts of K needed for maintenance program. This might help 

to explain the significant K uptake in the mixtures in this study, Tisdale et al. 

(1985). Soil OM, K, Ca and Mg 

storage root yield. Similar result
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However, this was after the application of N, IP and K fertilizers. The results of

this study suggest that these nutrients

yield, and are yield indicators.

were essential for sweetpotato growth and



CHAPTER 6

SUMMARY, CONCLUSION AND RECOMMENDATION

Intercropping or mixed cropping of sweetpotato with beans is common in

highly populated medium and high altitude areas of Uganda. Lack of information

association, appropriate sweetpotato spatial arrangement and plant population

density and other important agronomic parameters in sweetpotato/bean association

led to this study.

Two sweetpotato/bean intercropping experiments were conducted in the

field at Namulonge Agricultural and Animal production Research Institute

(NAARI), Kampala during 1993/94, 1994/95 and 1995/96 cropping seasons.

Experiment I (1993/94 cropping season) evaluated eight sweetpotato genotypes

(Wagabolige, Entry .20, Entry 21, Bitambi, Tororo 3, New Kawogo, Bwanjule

and Tanzania) selected from Sweetpotato Program germplasm bank, and four

bean genotypes (White Haricot, MMS 224, A 197 and GLP 585) obtained from

CIAT Bean Program based at Kawanda Agricultural Research Institute (KARI)

for their compatibility when grown in association. In experiment I (1994/95

cropping season) six sweetpotato and two bean genotypes were used. Experiment

sweetpotato spatial arrangements (single and double rows), four sweetpotato plant

sweetpotato genotypes (Wagabolige, Bwanjule and Tororo) on 

bean performances.

on important aspects such as suitable sweetpotato and bean morphotypes for

population densities (16,666; 22,222; 33,333 and 66,666 plants/ha) and three 

sweetpotato and

II (1994/95 and 1995/96 cropping seasons) investigated the effects of two
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The results of the studies showed that:-

Intercropping improved interception of PAR by 8.1% of the sole crop.1.

This was due to a greater increase in canopy density in mixtures than in

sole-cropped situation, suggesting better utilization of light resources in

Vine growth rate wasmixtures than in sole crop of either species.

generally reduced in all the sweetpotato plant types except the spreading

type. Bean plant height was also reduced by intercropping.

Intercropping reduced leaf area indices of both sweetpotato and bean2.

probably due to competition for growth resources such as light, nutrients
j

and moisture. In sweetpotato LAI increased with increase in sweetpotato

increase in sweetpotato storage root yield with increase in population

beans LAI increased with an increase in number of primary branches.

3. Intercropping increased storage root yield in the first experiment by

23.1% of the sole crop, but reduced it by 22% of the sole crop in the

second experiment. Bean yield was reduced by about 40.7% of the sole

crop yield in experiment one, while in experiment two bean seed yield

was reduced by only 1.2% in 1994/95 season, and by 54.8% in 1995/96

Yield decreased with an increase in sweetpotato populationseason.

density.

population density due to increase in number of plants/unit area. The

density may partially be attributed to increase in assimilation rate. In
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The most compatible sweetpotato and bean morphotypes for intercropping,4.

relative to their respective sole crop yield was the erect (non-creeping) and

Thisthe determinate (non-climbing/twining) types, respectively.

compatibility may be attributed mainly to the plant mopphotypes of the

component crops with low level of inter-specific competition. All in all,

the most compatible sweetpotato plant morphotype which can be grown

in association with any bean plant morphotype is the erect morphotype.

Therefore, the intercropping of bean with erect sweetpotato plant

morphotype should be encouraged.

The spatial arrangement had no significant effect on bean and sweetpotato5.
C

yields and the three sweetpotato genotypes did not differ significantly in

their compatibility with bean. Bean yields were highest under sweetpotato

population density of 16,666 and 22,222 plants/ha. Therefore, to optimize

bean yield, sweetpotato should be planted either in single or double rows

at population density of 16,666 plants/ha or 22,222 plants/ha so that

competition for growth resources would be reduced. However, this

population may be relatively low for sweetpotato in sweetpotato/bean

plants/ha would probably give

sweetpotato grown in association.

an optimum yields for both bean and

mixtures. A population density which falls between 22,222 and 33,333
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The competitive abilities of bean crop was high in single row than double6.

On the other hand, the competitive ability ofpopulation density.

sweetpotato was lower in single row than in double rows and it increased

better with sweetpotato under single than double rows arrangement of

The results seemed to suggest that in sweetpotato/beansweetpotato.

mixtures, double rows of bean should be planted with single row of

sweetpotato in order to reduce sweetpotato dominance over bean.

The relationship between the aggressivity coefficient with competition7.

ratios and relative yields for both sweetpotato and bean show that

sweetpotato crop generally dominated over bean crop. The aggressivity

coefficient increased with increase in sweetpotato population density and

it positively correlated with sweetpotato competition ratio but negatively

competitive ability of bean.

8. Intercropping improved on land productivity by an average of 28.8% more

than the productivity from the traditional intercropping system. In

1993/94 and 1994/95 seasons, the highest productivity of 30.1 t/ha and

was more dependent on competitive abilities of sweetpotato and less on

rows of sweetpotato but it decreased with an increase in sweetpotato

involving sweetpotato genotype Wagabolige.

with that of bean. This seemed to suggest that aggressivity coefficient

with an increase in population density. Bean crop therefore competed

28.4 t/ha were respectively, produced in sweetpotato/bean mixtures
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In some mixtures high productivity was not associated with high LER

values because LER depended on the relative yields of the component

crops, while productivity depended on the yields of the component crops

In 1995/96 season, productivity increased with anin the mixtures.

increase in sweetpotato population density. The highest productivity of

15.7 t/ha and 20.1 t/ha were achieved at sweetpotato population density

of 66,666 plants/ha in 1994/95 and 1995/96, respectively. However, the

bean yields were very low under high sweetpotato population density.

Thus, in 1994/95 and 1995/96 season, bean yields were 222.22 kg/ha and

481.15 kg/ha, respectively, accounting for only 2.4% and 1.4% of the

productivity, respectively.

9. Intercropping sweetpotato with beans increased the land use efficiency

of the available growth resources and is therefore biologically sound.

Mean LER of 1.6 and 1.32 were achieved in 1993/94 and 1994/95 season,

respectively. Thus about 60% and 32% more land would be required to

plant sole crops of sweetpotato and bean to produce the same yields of

average LER + ATER were 1.33 and 1.53 for 1993/94 and 1994/95

seasons, respectively.

1.38 and 1.22,In 1994/95 and 1995/96
respectively.

season, mean LER were
1.38 and 1.21, for

(LUE) by an average of 36%, indicating that mixtures made the. best use

sweetpotato and beans that were produced in mixtures, respectively. The

The average LER + ATER were

W94/95 and 1995/96, respectively. These values seemed to indicate that
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although there were both inter and intra-specific competitions in the crop

mixtures, LUE was improved and that the crop mixtures appeared to have

made the best use of the available growth resources.

In monetary terms, intercropping sweetpotato with bean is economically10.

viable because the MER were greater than unity with an average of 1.35.

MER varied with sweetpotato population density and was lowest under the

highest (66,666 plants/ha) population density. The low MER under high

population density may be ascribable to two factors, the significantly

reduced bean yield due to high competition between bean and sweetpotato

and the poor storage root size distribution under high population density.

This suggests that bean genotypes adapted to high population pressure of

sweetpotato crop should be developed so that reasonable bean yield would

be achieved which can offset the poor root size distribution and improve

on the MER. At high sweetpotato population, more unmarketable and less

considered in the calculation of MER, this may explain the differences in

MER. Similarly the relatively low MER at low population density (16,666

plant/ha) may be attributed to the low sweetpotato storage root yield.

accelerated11. due to

Aveetpotato.concentration was higher in bean than in s'

marketable roots were produced. Since only marketable yields were

Soil P level increased during crop growth 

mineralization of organic P with subsequent release for uptake by crop. 

Foliar NPK concentration was high in sweetpotato than in bean, whi
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Foliar concentration of P, K and Na increased with increase in sweetpotato

Foliar N, K and Ca concentration in bean positivelypopulation density.

correlated with available soil P concentration. The uptake of K was significantly

Sweetpotato root yield was positivelyhigh in mixtures than in sole crop.

correlated with soil N, P, K, Ca and Na concentration available during crop

growth. Soil OM, K, Na and Ca levels were higher, while N and P levels were

lower in intercropped than sole-cropped soil. At bean harvest soil OM, N and

P levels were lower in intercropped than sole-crop soil. At sweetpotato harvest

soil P level was significantly reduced in mixtures than in sole crops and

sweetpotato population density had significant influence on P uptake. Also soil

N level was higher in intercropped than sole-cropped soil.

From these results it may be concluded that sweetpotato nutrient demands

exceeds that of bean crop in mixtures and that mixtures of sweetpotato and bean

have higher nutrient demand than when the crops were grown separately in pure

stands, indicating that mixtures of sweetpotato with bean fully utilize available

reserves will therefore be exhausted faster in sweetpotato/bean association than

in pure stands of bean or sweetpotato. However, soil N level was either

replenished by intercropping with bean or the rate of uptake was slow. The study

sweetpotato appeared to be different and not known.

The studies also showed that all nutrients are essential in sweetpotato/bean

mixtures since there evidence of symbiotic co-existence during cropwas no

growth.

required by either bean or

also revealed that the critical growth stage at which optimum nutrients are

soil nutrients in a given volume of soil. Thus, suggesting that soil nutrient
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Based on the results of the study, the following areas are therefore recommended

for further research:

Growth and yield results from sweetpotato/bean association appear to1.

indicate that both intra and inter-specific competitions were higher in

single row than in double rows arrangement of sweetpotato. There is no

evidence to show which one of the two types of competition is crucial.

Therefore, there is need to determine which of the two is a major factor.

The results of such a study would help to determine the appropriate spatial

arrangement and optimum population density of sweetpotato for optimum

bean and sweetpotato yields in sweetpotato/bean association.

Generally, sweetpotato dominated over bean although bean crop also2.

dominated over some of the sweetpotato genotypes with low competitive

abilities. Bean crop does not appear to tolerate high competition in

mixtures. Bean would therefore prefer a mixture with appropriate

sweetpotato plant type and population density in order to compete

favourably. In order to minimise yield losses of both crop components,

sequential cropping system of bean with sweetpotato in relation to

appropriate time of incorporating the bean crop residues into the soil

before planting sweetpotato should be investigated.

3. The nutrient uptake of sweetpotato/bean mixtures was greater than that in

their respective sole cropping, suggesting that soil nutrient reserves will
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be depleted faster in intercropping than in sole sweetpotato or bean. A

sound fertilization in sweetpotato and bean association should be put in

place to ensure soil fertility maintenance under this cropping system for

improved and sustainable productivity. Research into the efficient use of

organic matter, crop residues, organic manure, crop rotation with

leguminous plants which may be more attractive options to small holder

farmers should be conducted.

Critical growth stages at which optimum nutrients are required by either4.

bean or sweetpotato seem to be different and not known.

Variability in nutrient demand, uptake rate and efficiency seems tbe high

among sweetpotato genotypes.

Rooting characteristics of some common sweetpotato and bean genoty­

pes in relation to nutrient uptake should be well understood before studies

leading to the understanding of nutrient requirements, uptake rate,

efficiency and the critical time for nutrient demand by individual

component can be conducted.
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Map of Uganda showing the distribution of sweetpotato production by dtslrlets.App 2'

Source: Onto from Ministry of Agriculture. Animal Industries and Fisheries 1991 Report onUgand
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App. 3-

Source: Data from Ministry of Agriculture, Animal Industries and Fisheries. 1991 Report on Uganda 
National Census of Agriculture and livestock (1990-1992).

Map of Uganda showing the distribution of sweetpotato productivity by districts.
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Appf.: Mon of Urjdndo yhoCelnd the dlilr Ibu lion of been production by dlilrltl*.

Source: Data from Ministry of Agriculture, Animal Industries and Fisheries, 7P94 Report on 
Uganda National Census of Agriculture and Livestock (1990-1992 h
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gjjnenes, Jeporl cn Oganaa°Agr r̂utJ^Ure' in^^5tf,fggon{gSource ■ Data from rlinisrry 
Notional Census of
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Appendix 8.

= 2(r-1)Replication (R)

Main factor:

(bg-1) = 4Bean genotype (BG)

(r-1)(bg-1) = 8Error (a)

(spg-1) = 7

BG x SPG (bg-1 )(spg-1) = 28

bg(r-1)(spg-1)Error (b) = 70

Total 119

R =

✓

Main plot factor x 
Sub-plot factor

Source of
Mean variation

number of replications; bg and spg are levels of BG and SPG, 
respectively.

Degrees of 
freedom

An outline of analysis of variance table for 
sweetpotato and bean attributes (1993/94 
cropping season)[Experiment I]

7O/3,

Sub-plot factor:
Sweetpotato genotype 
(SPG)



(r-1) = 2

(spg-1) = 2

(r-1)(spg-1)trror (a) = 4

= 1

(spg-1 )(sa-1) = 2

Error (b) spg(r-1)(sa-1) = 6

(pd-1) = 3

SPG x PD (spg-1 )(pd-1) = 6

SA x PD (sa-1)( pd-1) = 3

SPG x SA x PD (spg-1 )(sa-1 )(pd-1) = 6

Error (c) (spg)(sa) (r-1 )(pd-1) = 36

i otai (sgp.r.sa.pd)-l 71

R =

! 
i

Sub-sub plot factor: 
Sweetpotato population 
density (PD)

Sub-plot factor:
Spatial arrangement (SA) (sa-1)

Source of 
variation

number of replications; spg, sa and pd are levels of SPG, SA 
and PD, respectively.

Degrees of 
freedom

Appendix 9. An outline of analysis of variance table sweetpotato and 
bean attributes (1994/95 and 1995/96 cropping season) 
[Experiment II]

Main factor x 
Sub-plot factor
SPG x SA

Replication (R)
Main factor:
Sweetpotato genotype
(SPG)
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Appendix 10

(r-1)Replication (R) = 2

(s-1)Main factor: Season (S) = 1

(bg-1) = 1

(s-1)(bg-1) = 1

Error (a)

(spg-1) = 5

(s-1) (spg -1) = 5

(bg-1) ( spg -1) = 5

(s-1) (bg-1) (spg-1) = 5

sbg(r-1) (spg-1

R =

= 40
= 71

Main plot factor 
x sub plot factor 
x sub-sub plot 
factor, S x BG x SPG

Error
Total

Sub-plot factor: 
Bean genotype (BG)

Source of 
variation

number of replications; s, bg and spg are levels of S , BG and 
SPG, respectively.

Degrees of 
freedom

Sub-plot factor
x sub-sub plot factor: 
BG X SPG

Sub-sub-plot factor: 
Sweetpotato genotypes 
(SPG)

Main plot factor 
x sub-plot factor 
S x BG

7o/3.

Main plot factor 
x sub-sub plot factor.
S x SPG

An outline of a combined analysis of variance 
table for sweetpotato and bean attributes over 
seasons (1993/94 and 1994/95 cropping 
seasons) [Experiment I]
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Appendix 11.

1995/96

(r-1) = 2

(s-1) = 1

(spg-1) = 2

(sa-1) = 1

(s-1) (sa-1) = 1

(spg-1) (sa-1) = 2

R =

Source of 
variation

number of replications; s, spg, sa and pd are levels of S, SPG, 
SA and PD, respectively.

(pd-1)
(s-D(pd-l)
(spg-1 )(pd-1)
(s-1 )(spg-1 )(pd-1)
(sa-1)(pd-1)
(s-1 )(sa-1 )(pd-1)
(spg-1 )(sa-1 )(pd-1)
(s-1)(spg-1)(sa-1)(pd-1)

(s-1) (spg-1) ( sa-1) 
s spg(r-1) (sa-1)

(s-1) (r-1)
(s sg-1) (r-1)

Degrees of 
freedom

= 3 
= 3 
= 6 
= 6 
= 3 
= 3 
= 6 
= 6 
72
143

= 2
=12

= 2
=n

Replication (R)
Main plot factor:
Season (S)
Sub-plot factor-
Sweetpotato genotype (SPG) 
Main plot factor 
x subplot factor
S x SPG
Error (a)
Sub-sub plot factor:
Spatial arrangement(SA)
Main plot factor x
Sub-sub plot factor
S x SA
Sub-plot factor x
Sub-sub plot factor
SPG x SA
Main plot factor x
Sub- plot factor
x Sub-sub plot factor,
S x SPG x SA
Error (b)
Sub-sub-sub-plot factor:
Sweetpotato plant density (PD) 
S x PD
SPG x PD
S x SPG x PD
SA x PD
S x SA x PD
SPG x SA x PD
S x SPG x SA x PD
Error -by subtraction 
Total

An outline of a combined analysis of variance 
table for sweetpotato and bean attributes over 
seasons (1994/95 and 1995/96 cropping 
seasons) [Experiment II]



26S

2coco co

coCT*

CN

O o o

co

c co

CD LDCXI

2

i

c
Z3

CO
C

co c

I
1

cn 
c

co 
c

co 
c

co 
c

co 
c

co 
c

CO 
c

c
O 
co 
cd

V) 
c

CO
C

CO c

co 
c

co 
c

co 
c

o 
Q.

CO 
c

co 
c

CO 
c

co 
c

CO 
c

co 
c

co c

co 
c

co 
c

co 
c

co 
c

co 
c

I
Qi 

*

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c:

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
c

co 
cxi 
CXI

O

2
>

P
03
>

co 
CD 
CL 

£

co * 
c *

L0

c£
co

CD
O

c£
CD
CD

o^-
CO

£ 
in

1

co 
03>

CO * c *

•U 
c 
co

LO

0)

O

2 
o 
Q.
0 
0) 
2 
w

.£
w 
c 
o>

o 
CL 
E 
o 
o

2 
.0)

4—'

03
O
03

CL

E 
o 

TD 
03 
0)

S
o
CD 
CL

“5 
>
03 
Q.
CO
03

"5>jd
>»
15
CD

-Q
O

CL

•3 s
cr

Jd

§ 
£ 
§:

co
03
03

□3
03
O o

o z
II

li *

x 
Q> 

CD "O 
I .E

co
C *

V) 
_ CD 

- U- 
U. •*—'

o

o
co
- g 

co 
co 
CD

03

E E
03 “

CL

O
CD

1
03

? £

03 
CL >
O c 
03 
O)

c —
CD 0

'5

£ ’5
<

4-J

•o 32
® -e-
> CD

O
03 Q.
-X
CD O

E 2

o
in in in

O 
O

i” 
H

J fe
¥ ~ E

D

o 
O CL. 
CQ O
co co > > 

(7? “5. co co

■O 
c 
CD

0)

C SJ 
CD CO 
£ CD 
it: CD c o> 
’co

o
2

— Q. Tn0 cd 2* > Q- c^ 
m k § o O X 
x t § s S) " K

. JZ 03 

5 .S’ 
> o ro 
< § E

03 
CL 
X 

■o w 
0) — 
c m 
5 5 
E’t 
O CT> 
O 01

E o 
4:

2 
— ro 
£ S 
2 2

2 « I 5 
o' E

S S = 

1
O c 
05 O 
O
= -C 
£ O cn >

O a. 
CD
X

O
X X 2 

□> £ cd m co i o

o
2 
o 
Q.
03 
0)
§ 
CO

£
V)
2

4-^

o o
75 
E 
CD

03 
O 
C
CD

CD >
° *-
£ S
15 c 

CD

- O
<6 o.

4—" o o



r

269

CD CM*

O

o

CM

O

CU
O

o

LCD IDIDCDCM

CD

O JOCD

CD CQ

SSjaaHMBmi

c
CD
CD

CD 
c

co 
c

cd 
c

cd 
c

c
o

* *

* * * *

> 
o

c 
CD 
CD

CD 
O 
C 
CD 

'k.

CD >

2
CD

CD 
CL

"O
o

CD 
CL

CD
CD 
CD

CD
CL

CD 
c

CD
C

CD 
c

♦ *

CD 
c

CD
C

CD
C

CD 
c

CD c

CD
C

CD
C

CD 
c

CD 
c

0
CQ

X

co

CD 
C

CD 
C

CD
C

CD 
c

CD 
c

CD 
c

CD 
c

CD
C

CD 
c

CD
C

CD
C

CD
C

CD c

O c 
CD 

*CD

C 
o 
2

II
* *

cro
CL

CD 
c

CD 
c

CD
C

CD 
CL >
O 
c 
CD 
CD

C

CD c

CD c

o
UJ

CD 
c

CD 
Q. 
>•
o O 
C Q_ 
£> C/D

o 
u.

UJ

CD 
> *-< 
cd 
CD 
CL 
CD 
CD

CD
c

to 
kJ 
c 
CD 
C 
o 
Q. 
E 
o 
O

5 
CD 

■>

T3 
c cu
2 
a>

c cu 
CD 

JO

5
00

OU

CM

CM

O

CM

00

CM

CO 
co

CD 
JO 

E □

o
>

jd

>-
+-J

15cu 
JO
o
CL

c
CD

S 
CD 

X) 

o 
4-» ro 
4-> 

o 
Q.
O 
0 
§ 
CD 

c

“O c cu

LO

CD
JO
E *— m 
ZD
Z

CD

E "v c— ni
ZD
Z

O 

CO 
J-J 

o 
CL 
4-J 
CD 
CD 
§ 
cn cd

o ~
■S2

CD

CD
o
cn

0 x
CL C 
cn co
X X 

co CO

cu

CD CD
C -x

§ 
ij 
£

c 
o 
CD _ 
cu co cn 
CD CD 
co co

c
_ cu 
2 CL CL

CD "O
CD O
CD CL

CD CD 
c c

CD
CL

j—1
C _cu 
CL

CU 
O 

"q. _ 
o> cc er

o c 
CD O 
CD ‘*3
3 -2 
,9 ro CO >

° c
CD CD

-c
CU CD 
C Q. 
CU X 

■o Ei
® in 

■5 £

5 s CD CD

E 
o

o
CD C 
CU “ 
CD CD 
>- TO 
CD CD 
CD CD
Q 4=

TO 
C 
(U 

s s 
C 
CC 00 

£ 01 ^t= CD 
C T- 

,o> ■— 
CD C 
*- .2

,(U 
‘o 
o 
CD 
CD 
CU

■CD
CD
CD J-J
CD JZ
O
o CD —
v- 5 E?



CD

CO CO*

CO co CO CO

i

c * *
CXI

co co
c

2 Z
co co* *

O cxi
CO CD CD co CDCXICXJCXI

*
c

ii z

22co

'■

.

co 
c

V) c

I

00 
c

co 
c

co 
c

co 
c

co 
c

co
c co 

c

co c

co 
c

co c

o

co 
c

c

co c

co 
c

cn o

"O 
c 
CD

LD

co c co c

co 
c

CD 
Q.

co 
c

co c

co 
c

co 
c

co c

co 
c

co c co 
c

co c

co c

co 
c

co 
c

co c

co 
c

co 
c

co 
c

co c

co 
c

co 
c *

co c

CD
X

co c

co 
c

co c

co c

co c

co c

c

co c

co 
c

8

>>
Q

>

co 
c *

co 
c

co 
c

co 
c

co c

co 
c co 

c

co 
c

co 
c

co 
c

co c

co 
c

co 
c

c

co 
c

co c

co 
c

co 
c

c

O
X

0 
CL

co c

co c

co 
c

c

co 
c

co 
c

co 
c

co c

co 
c

co 
c

co c

co 
c

co 
c

co 
c

q
CD

I

c 
.2

cu

o
2 o

c

co c -

d

>,O 
o'- q 
CXJ

CO 

d

05 

in 
cd 
CD

CD 
CD

D 
O cn

4—'

CD
CD

CD

CD
CD
CD
CL

E 
o 

"U 
CD 
CD

CD
CD
§

co 
CD 
CD

05 
CD 
Q

CD 
E c 
ZD

CO 
CD > CD 

CD
CD 
Q.

yO

XT
00

I 
£ 
cd 

i 
f 
8 
a

o 
c 
cu
2 
.2

o
2 
o c.
a> 
CD 
$
CO

o

ra
CD

o 
ro 
o 
o. 
CD 
CD s 
w 

.E 
co

o 
c 
o 
a 
E o o

TJ 
o

in
CN
CXI

00 
cxj 
co

o 
d 
CN

•f

<n » 
c *

Q 
Q.

X

O Q

<N CM

< <
W cn

x
O a.

8 r
■i?

X
-cu X)
I .2

CXJ 
cd

c 
_CU 

-2- 
05

c *

co
£Z *

£ 
§ 
§:

o

o 
co 
co 
cu

i o
Q.

o o

2 -8 8 o

5? E o?
D

•O 
c 
cu

in

s
c5 
o

05
’co

O

CO co c c

C 
o
S
CL 
o 
Q.
05

C

= s
< *o

co *c *

co 
CU

c 
o 
o

“O 
c 
cu
CD 
o 
c 
cu

cu>
»*-
co

£ro 2 c CD 
CU Ci-

X 
■O LU 
CD “ 
.2 CD

E o 
CD

E o

•2« 
.3 § 
cl ro 
a) a>

o U 
C 0. 
a> CD

8 I 
I

II

“2c 
.£ a> ro 
> > a

g CD
CD
X

£ CD CD CT- CD UJ CD

CD
5 x 
E o
? CD CD ~

< X 

Q $£ cn m

CD •—
> CD
< £

c 
o co 
s
S-o

2 <D 
“ =€ >

O

Z te 2

CO co 
c c

4—<

• Il

£11

= •=

1

4-»
. JZ <D _ 

S 2>-t: O 
> (D ra \ 
< 5 E ®

£
X

£ a. < £ a- -H co 
x CD CD x 

< x * < 2 2
•co

O (U - 
t 2 2

cn oo<r. v, co w « w

s
CD

X

O Q -y w 
r> r m~ £ ~ CD x CD CD 

x£x<xx CDCDCDCDCDCDCDlIiCJ



271

cogotntn

oCOCO

c

co*

o

O
CM CMCM

tn

O "tn0

oo 2 *X I

tn 
c

tn 
c

co 
c

co 
c

tn 
c

tn
c

Q.

P

c

2

I 
5

co >

"O 
o 
CL

c 
o

tn 
c

o 
c 
Q

tn 
c

tn 
c

co 
c

co 
c

co 
c

GO 
c

tn
C

tn 
c

tn 
c

co 
c

co 
c

co 
c

CD
“D

GO 
c

tn 
c

co 
c

cn 
c

co 
c

tn 
c

cn 
c

GO 
c

cn 
c

cn
x

■O
CD 
CD 
tn
O 
O

tn
c

tn 
c

co 
c

tn 
c

cn 
c

tn
C

tn 
c

tn 
c

cn 
c

Q-
(D
X

tn 
c

tn 
c

c

co 
c

tn

c
tn 
c

tn 
c

tn
C

tn 
c

tn 
c

X

O 
D.

tn
C

cn
c

cn 
c

cn 
c

o
S 
o

tn ♦ 
c *

CD 
Q.

0 
0 
§

CO
CMc 

cu 
CD 

XJ

o

cn * 
c *

>
Q> 
Q_ 
cn 
CD

0

.2 □ 
o 
w 
w 
(0
c 
ra 
CD x
o
S 
o 
Q.
O 
0
5 
w

£
w 
c 
0) c o 
C. 
E 
o 
o
2 
o

CD 
CD 
cn

•I 
§ 
§:

w—

CD 
X)

D
D-

3 X
CL <
X

<

cn
c *

cn
c ♦

*-*
0
E
0
CL 

cE LU

2g
5 
in 
cn 

o o

cn * 
c *

< 
O)
X

co 
cn d 
C T—

cn CD
C T-

co
cn CM
C CM

H— 

cn 
(D 
2 
CD CD 
CD 
O

o
CD o

X)
E□

to 
2 
4-<

o 
o

T3 
C 
(U 
0 
U 
c 
.2

CD 

cn

S = 
"D 
0 

.E 
X) 
E 
o 
Q

£
I ■=_
> Q. °?

«£
CM

c co

cn * 
c *

c
.2
s
Q. cb
0 0

4-<

CD
•$ —
B ®

o c 
(D O 
2’^ 
o ' 
w

z cx-H

CN
cococococococoor-

cn
x
cn cn <n uj O

■ I
I 
2 - _ s 

i «
co < 
5r cn

CD
CO

12
05 CD
>

1 ? 1l cn <

* * co co 
c c

o
Q.

D x
O. < 
x W
< x cn o -3

n — co

t §

1I
< -
cn o>

Q

-2.

< 
cn

< x
cn c) 3
x
O 
o.

52 cn cn cn

Q 
Q-

O x 
a. o Q 
x ci " cn 

x a.
cn cn cn cn

a> o c

cs
’E T3
■- £ co ro

tn 
O Q5 

-2 
§ a>

d
B's >o

K- O 
LU CL

CN
CM CM v-

0 

_0

15 
co

X3 
. o 

->* Cl

. >
U 
2-g

c 10 
.2 ro

tn cd 

8£
3 -S’ 
D « 
CJ >- 
o ° 
-1 u_ CD 

■C o 
ra '«z:
D •“a

T> w 

! s 0 H 
Q 
C I!

II *

£
T3
05

Q.C 3
cn
x

n- cn cn 05 cn lu cn



Til

f>o&

.£

c
CLCO

CD

O

O CD
coo

CD

Z

O
CD

ti­

ll
II

CD

"C" +

ZD-

-QID

+

CO
C

C

c
0)

CD
CO

c
CD 
O

-o 
c 
CD

* 
*

O 
c

D
C

_CD
X
22
ra>
CD

C
CD

C 
o 
o

c 
CD 
CD 

-Q

C
CD

_CD
_Q

CD

co
C+

CO 
c+

co
c+

co 
c

co 
c

co
c+

co
c+

co 
c +

co 
c +

co 
c

co 
c

co
c

co
c+

co
c

co 
c

co 
c

co
c

co 
c

> 
CD

>~ 
o 
>

a 
CD 
o

co 
o

co 
o 
Q.

co
c

CL
<
a
ID

c
.0)

X 
’■5 
c 
CD 
Q. 
CL
<

OJ
II 
c

CD 
> 
CD

co
O

CDz
co
c+

co
C+

co 
c

co 
c.

ID c

co 
c

co
C

CO 
c

♦
♦ 
+

CD
O

co
a

CD
JD
O

o 
CD 
CL 
CO 
CD

CO 
cz

w
c
CD

■q

CD 
o o
c 
a
CD
o 
k.

o u

c 
CD

£□

*
+

*
+

*
+

* 
♦ 
+

* 
* 
+

CD z
CD

♦
+

CD

♦

+

O
CO

JC

C
CD
CD
Xi

O _ 
cn c

CX CD 

&:§ 
co

2? CD 
> >

CD 
CD 
CD z

■o
C
CD 'E



273

co

_o

*

co

o

Q_

c

cu

0_

co
o

I

I

D 
C

CD

c 
o o

o 
c

w

co 
c 
CD

+-j 
D
C

JD
X)

CO
CO 
+-> 
c 
CD

CD o

co
c+

co
c+

co 
c

co 
c

co
c+

co
c+

co 
c

co 
c

co
c

co 
c

co 
c

co 
c

co 
c

co 
c

co
c

co 
c

CD 
> 
CD

II
CO 
c

X

c 
CD 
Q. 
Q.

£

st
CN
II
C

co
2

co
c+

co
c+

co
c+

co
c+

co 
c

CD

w
c
CD
'5
M—

CD 
O 
CD

S
ju

CD u.

CD 
co I
o 
c

JD 
-Q 
JU 
'cu> 
cu

§
o +- cu +-* o 
Q. 
■w 
CD 
CD 
g 
cn

o 
■+-» 
co +-» o 
Q_ 

4-» 
0) o

£Z

<
Q

6 in 
U st

cu cu J? 
Z O

co 
c + +

co
c+ +

co
c+ +

cu
>cu
_ ’C

'o □
C/) c

c 
cu 
o

c E 
03 03 

r> co ' “

o
LT3 c

D =>

CD CD 
> >

cu 
03 
CD
Z

co co co 
c c c+ + +

co
c+ + +

co co co 
c c c + + +

co co co 
c c c + + +

X/ c — cu 
IE .2 
cu —

X3 o

co 
CO * C 
C + +

c 
cu . 
.2 co 
’E ° 
03 °-

<Z) Il
co 

* c + +

co co
c c+ +

cu cu



I

cu

tr.in

in
m

in

iZ

z.

CL

cu

c

CO

II II
II

iZo_ z

o 
c

co

s

ZD£2

ZD

co
c
4-

ZD
c
+

ZD

"U c cu

2
CD

’>•

”D
O

*
*
4-

*
*
+

*
*
4-

*
*
4-

co
C
4-

*
*
4-

"O 
c 
<0

"O 
c 
co

T3
CD 
CD 
CO

c cu 
CD 

Z2

co

>

co
o>
>

_o

o 
co

c cu o 
CO

r
Q.

CO
C
+

co
C

co
C+

I
CL

CO
C+

co
c
+
co
c
+
co
c+

o

co
c
+

co 
c

co 
c.

in r~

co 
c

co 
c

cu

c 
cu 
CD 

-Q

X

c 
CD 
CL 
£X
<

'd' 
CM

II
c

O

ro
O

cu
Z

co
c
+

co 
c.

co
c
+

co
c
4-

co
c+

co
c.
+

co
c

cu o
coc
+

□ 
c

c 
o

22
CD
k-

o u

CD

CU
Z

CD

w
C 
CD 

^5 
L—

CD 
O 
CD

CD 
C 
o 
E 
cu

w
c
0>
2=
Z3
Z

r.z -z
>

ro

o

cu co
CD O 
CD CL 
Z

CU

° (D °

w -2

c 
cu 

‘u ri -TO CD 
t •— «*—

cu •- -j= 
£ 5).? 
c w w 
05 *- 

O 
c



Q_

cn

a. zo

o 
o

CD 
0)

* 
*

* 
*

* 
*

* 
*

* 
*

* 
*

(J) 
c

* 
*

(U

>

T
Q.

o

co 
c

cd 
c

(n 
c

T
Q.

* 
*

U) 
C

* 
*

(U
Z

co
O

o 
Q_

go

CD
C

CD
C

CO 
c

co 
c

co 
c

CD 
c

CD 
c

CD 
c

♦ 
*

CD 
r;

.5 
*O 
C 
<D

Q.

o w
o> 
c 
o 
E re

co

II 
c

w 
c a> '□
<D 
O o
c 
o

0 
ra 
o
*- 
0
0)

w

c 
o

_ro 
□ 
Q. 
O

CL

<Z> 
4-* 
c 
o

4—> □ 
Z

□ 
c

o 
4- 
ra
o 
a 
4-
0) a> 
§
CD

"D
§

_w
<D 
> 
a>

c
o

_ro
□
Q.
O

CL

2g 
cn q 
2 •>.

w
c

_g
+-»
D
Z Z

ro

L > 
o re 
O £


