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ABSTRACT

M.Sc ALEXANDER YAKU ENTOMOLOGY

EFFECTS OF INTERCROPPING SWEET POTATO ON THE POPULATION DENSITY
OF SWEET POTATO WEEVIL, Cylas formicarius (F
(COLEOPTERA: CURCULIONIDAE)

Field experiments were conducted during the 1989 dry season
(July to December) at the Manggoapi Farm of the Faculty of
Agriculture, Cenderawasih University in Manokwari, Irian Jaya,
Indonesia. The objectives of the experiments were to determine the
effects of four sweet potato cropping systems on the population
density of sweet potato weevils (SPW) and on the diversity of other
insects within these agroecosystemsl

Fewer SPW were found in intercropped sweet potato + corn
(2 weevils per kg infected tubers), sweet potato + soybean (21
weevils), sweet potato + corn + soybean (8 weevils) than in
monoculture sweet potato (37 weevils); percentage of damaged tubers
followed the same trend, ranging from 2.6 % to 14.0 % in
1hfercropped sweet potato, to 21.9 % in the sweet potato
monoculture. However, the higher number of SPW and damaged tubers
in the monoculture did not reduce yield below that in the
intercropped plots, which had Tower yields because of reduced sweet
potato density and higher interspecific plant competition.
Consequently, numbers and weight of tubers per plant, as well as

marketable yield, were highest in the monoculture.



Insect and spider populations were more diverse in the
intercropped sweet potato systems than in monoculture. Number of
arthropods increased throughout the growing season, reaching a peak
at 56 days after planting (DAP). Intercropping may reduce the
population density of other insect pests associated with sweet
potato ( e.g., the spotted tortoise bettle Aspidomorpha sp. was
less abundant), and may increase the population density of natural

enemies (e.g., the spider Lycosa sp. was more abundant).
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RESUME
M.Sc ALEXANDER YAKU ENTOMOLOGIE

EFFETS DE DIVERS TYPES D‘ASSOCIATIONS DE CULTURE DE LA PATATE
DOUCE SUR LA DENSITE DE POPULATION DU CHARANCON DE LA PATATE
DOUCE, Cylas formicarius (F.) (COLEOPTERE: CURCULIONIDAE)

Des essais en champs ont été réalisés pendant la saison séche
1989 (Juillet a Décembre) & la ferme Manggoapi de la Faculté
d'Agricultrure de 1'Université Cenderawasih en Manokwari, de la
province d'Irian Jaya, en Indonésie. Les objectifs de ces
expériences visaient & déterminer les effects de quatre systemes de
culture de 1la patate douce sur la densité de population du
charancon de la patate douce et sur la diversité de 1’entomofaune
a 1" intérieur de ces divers agroécosystémes.

Le nombre de charangon était bas dans les associations patate
douce - mais (2 charancons [ch.]/kg de tubercules infestés [t.i],
patate douce - feve soya (21 ch./kg de t.i.), patate douce - mais -
féeve soya (8 ch./kg de t.i.) comparé au nombre de charancgons
présent dans la monoculture de patate douce (37 ch./kg de t.i.).
Le pourcentage de tubercules attaqués suit cette méme tendance: 2,6
a 14 % des tubercules étaient attaqués dans les associations de
culture et 21.9 % dans la monoculture. Tout de méme, le nombre
plus élevé de charancons et de plants infestés retrouvé en
monoculture ne correspond pas & une baisse de rendement de 1la

patate douce car i1 était plus élevé dans 1a monoculture que dans
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les cultures associées; le rendement inférieur dans ces derniéres
est attribué a une densité plus faible de plants et a 1la
compétition interspécifique des plants. Par conséquent, le nombre
et le poids de tubercules frais ainsi que Tla récolte -
commercialisable étaient donc plus élevés dans la monoculture.
L‘entomofaune était plus diversifiée dans les systémes de
polyculture que dans la monoculture. Le nombre d'arthropodes a
augmenté au cours de la saison, pour atteindre un maximum 56 jours
apre le repiquage. La polyculture a semblé réduire la densité de
population des autres insectes ravageurs de la patate douce (ex. la
casside, Aspidomorpha sp. y était moins abondante) et augmenter la
densité des ennemis naturels (ex. 1’'araignée Lycosa sp. y était

plus nombreux).

iv



ACKNOWLEDMENTS

First of all, my greatest thanks and appreciation go to God,
Who by His infinite grace and faithfulness provided the
unpredictable opportunity to study in Canada. Only through His
power and guidance have I been able to undertake this work.

I want to express my gratitude to the Indonesian Government,
especially to the Ministry of State for Population and Environment
and the Environmental Management Development of Indonesia (EMDI)
Project (a joint project of the Indonesian Ministry of State for
Population and Environment, and the School for Resource and
Environmental Studies, Dalhousie University for the Environmental
Management Development of Indonesia) for granting me a SCholarship
to study in Canada and to conduct the field research in Indonesia.
In this regard I am eépecia]]y indebted for the efforts of the
former EMDI Project Officers, Dr. Shirley A.M. Conover, Dr. Tania
Li, George Greene and the late Drs. Sjafran Sjamsuddin.

I would also Tike to thank (1) Dr. Joan M. Campbell, EMDI
Project Officer in Halifax, and her staff, especially Pauline
Lawrence and Lynne Norrena who have given considerable attention
to the solving of various problems, (2) Barbara C. Duffield, former
EMDI Project Officer in Jakarta and her staff, especially Mrs.
P.M. Abdoekadir, Mrs Glenny Wisnuthadie and Mr. S. Barnas, Sr. for

their assistance during my field research in Indonesia.



I wish to acknowledge the help of the Dean of the Faculty of
Agriculture, Cenderawasih University, for providing facilities
during my field research in Manokwari.

I am grateful to my two faithful assistants, Cornelles Iji and
Paulus Jumame, for their help with field work, and their
willingness to guard the crops against theft during the nights of
the last six weeks before harvest.

I would Tike to thank Dr. Helene Chiasson, Tanya Searle and
Susan Johnson, for help in insect identification, writing style and
analysis of data during the preparation of the thesis.

I am extremely grateful to my academic supervisor, Dr. Stuart
B. Hill for his encouragement and understanding, which gave me the
self-confidence necessary to succeed in this endeavour. His advice
and patience in reading and correcting the manuscript are also
appreciated.

My gratitude also goes to fellow students and friends, Joanny
Zongo and Dr. Graham Thurston for providing time for discussion,
both entomology, and on how to adjust to life in Canada.

Finally, I would like to thank my wife Poulla and daugther
Catherine for their support and understanding in patiently waiting
for the day of my graduation. I would also like to thank my
father, mother, brothers and sisters who have always supported my

efforts in prayer.

vi



TABLE OF CONTENTS

ABSTRACT . . . . . . . . . .... e e e e
RESUME . . . . . . . . ... .... e e e
ACKNOWLEDGEMENTS . . . . . . . . . .
LIST OF TABLES . . . . . . . . .. e e e e e
LIST OF FIGURES . . . . . . . . . ...

CHAPTER _

I. INTRODUCTION . . . . . . . . .. ..

IT.  LITERATURE REVIEW . . . . . . . . . e e e e

2.1. BIOECOLOGY OF THE SWEET POTATO WEEVIL, C 1a
formicarius (F.) (COLEOPTERA: CURCULIONI

2.1.1. Taxonomic status and distribution
2.1.2. Host ran? ...... . e e e
e

2.1.3. L1fe cyc
a.

oooooooooooooo

d. Adult . . . . . ..
2.1.4. Feeding habits and crop damage
2.1.5. Reproduction . . . . . ..
2.1.6. Factors affecting infestation by SPW

2.2. ROLE OF INTERCROPPING IN FOOD PRODUCTION. . . .

2.2.1. Definitions . . . . . .
2.2.2. Status. . . . ... ..
2.2.3. Advantages and d1sadvantages

2.3. EFFECTS OF INTERCROPPING ON INSECT PESTS.

2.3.1. Rate of colonization. .
a. Visual effects . . . . . . . . . ..
b. Olfactory effects . . . . . . . ..
c. Diversionary host effects .

vii



ITI.

IV.

2.3.2. Development . . . . . e e e e e e
2.3.3. Dispersal . . . . . .. e e e e e e
2.3.4. Abundance of natural enemies. . . . . .

MATERIALS AND METHODS . . . . . . . . e e e e e

3.1.
3.2.

Site description . . . . . .

Experimental design . . . . . . . . . . . . ..

3.3. Crop arrangenment and spacing within each
treatment . . . . . L. Lo L oL L L.
3.3.1. Sweet potato monoculture .

3.3.2. Sweet potato and corn

3.3.3. Sweet potato and soybean . . . . .
3.3.4. Sweet potato, corn and soybean . .
3.3.5. Sweet potato, tomato and cabbage .

3.4. Field preparation and management . . . . . . .
3.4.1. Land preparation . . . . . . . . . ...
3.4.2. Preparation of planting materials
3.4.3. Planting and fertilizing .

3.5. Crop maintenance . . . . . . . . . . . . ...

3.6. Observations
3.6.1. Colonization by SPW . . . . . . . . . .
3.6.2. Population density of SPW and percentage

of damaged tubers . . . . . . . . . .
3.6.3. Number and fresh weight of tubers . .
3.6.4. Marketable yield . e e e e e
3.6.5. Monetary index . . . .
3.6.6. Insect diversity . . . . . . . . . ..
a. Sweep net sampling . . . . . . . . .
b. Pitfall traps e e e e e e e
3.7. Analysis of data
3.7.1. Effects of intercropping on populations
of SPW and on sweet potato production .
3.7.2. Insect diversity . . . . . . . . . ..
RESULTS . . .. . . . . . . . . ..
4.1. Effects of intercropping on the population of

) =t

sweet potato weevil (SP
yield . . . . .0 L Lo s o

=Q
e
o))
>3
o
s W
=
. ®
®
. ot
=
o
(—f-
o)
(+
o

37
38
40
41
43

59

- wiii



VI.

4.2.

4.3.

4.1.1. Colonization of the sweet potato by SPW
in four cropping systems . . . . . . . .

4.1.2. Population density of SPW and percentage
AAAAA of damaged tubers . . . . . . . . . ..
4.1.3. Number and fresh weight of sweet potato
tubers e e e e e e e e e e e e e
4.1.4. Marketable yield and economic value of
sweet potato and intercropped plants

Number of insect and spider families, and )
number of individuals of each family associated
with sweet potato agroecosystems e e e e .

Aspidomorpha sp. (Coleoptera: Chrysomelidae)
and Lycosa sp. (Araneae): two population of
arthropod species, within the monoculture and
intercropping systems . e e e e e e

DISCUSSION

5.1.

5.2.

Effects of intercropping on the population
density of the sweet potato weevil (SPW)

5.1.1. Effects of intercropping on number of
SPW and on percentage of damaged tubers

5.1.2. Level of attack by SPW in relation to
tuber formation e e e e e e e

Number of insect and spider families associated
with sweet potato agroecosystems e e

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH
LITERATURE CITED

APPENDICES

1. Field layout of the experiment

2. Cost of production for monoculture and

, intercropped sweet potato ..

3. Insect and spider families associated with the

sweet potato cropping systems at 35, 42, 49 and
56 DAP . . O

ooooo )

59

60
61
63

65

70
74

75

75
77
80
85
89

106
107

108

111

ix



Number
1.
2.

10.

11.

12.

LIST OF TABLES

Insect pests of sweet potato in Irian Jaya .

Alternative hosts of Cylas formicarius (F.)
(Coleoptera: Curculionidae) e e .

Life cycle of the sweet potato weevil, Cylas
formicarius (F.) (Coleoptara: Curculionidae),
on sweet potato . . . . . . . . . ..

Effect of tem?erature on development of Cylas
formicarius e

egantulus (F.) (Coleoptera:
Curculionidae) on sweet potato (cv. ‘Jewel’)

Percentage of cultivated land under intercrops

in selected countries

Total amount of nitro en, phosphorous and
potassium (kg/ha) applied to sweet potato,
corn, soybean, tomato and cabbage . . . . .

Colonization of sweet potato by the sweet
potato weevil (SPW) at 56 DAP ~ . . . . .

Number of sweet potato weevils (SPW) per
kilogram of damaged tubers and percentage of
damaged tubers . e e e e e e e e

Effects of intercropping sweet potato on

number of tubers per plant and on fresh weight

of tubers per 10 plants

Marketable yield, economic values, cost of

production and monetary index of sweet potato
and intercropped plants in intercropped sweet

potato with corn and soybean

Insect and spider families (fam.) and
individuals (ind.) of each family collected
at 35 DAP . . . .. . ...
Insect and spider families (fam.) and
individuals (ind.) of each family collected
at 42 DAP . . . . . . e e e e e e e e e

Page

15

17

29

46

59

60

63

64

65

66



13.

14.

15.

Insect and spider families
individuals (ind.) of each

at 49 DAP . . . .. .. L.

Insect and spider families

individuals (ind.) of each

at 56 DAP . . . . . . . .

Number of spotted tortoise

at 56 DAP and spider collected at 35 DAP,

42 DAP, 49 DAP and 56 DAP,
potato cropping systems

fam.) and

amily collected

e e e e e e e 66

fam.) and

amily collected

e e e e e e e 67
beetles collected
in four sweet

e e e e e 71

xi



Number

10.
11.
12.

13.

LIST OF FIGURES

Sweet potato intercropﬁed with corn in Kamu
valley of the western highland region of Irian
Jaya, Indonesia . . . . . . . . .. . . ...

Sweet potato ?rown intercropped with corn, bean,
cabbage in Baliem Valley of the eastern highland
region of Irian Jaya, Indonesia . . . . . . . .

Sweet potato grown intercropped with sugar cane,
tomato and cabbage in Baliem valley of the _
eastern highland region of Irian Jaya, Indonesia

sweet potato grown with taro in Baliem valley of
the eastern highland region of Irian Jaya,
Indonesia . e e e e e e e e e e e e e

Adult sweet potato weevil, Cylas formicarius (F.)
(Coleoptera: Curculionidae) e e e e e

Head and antennae of adult Cylas formicarius (F.)
(Coleoptera: Curculionidae) . . . . . .. . ..

Monthly rainfall recorded at Manggoaﬁi
experimental farm during 1989, and the average of

monthly rainfall in Manokwari recorded during a
previous 40-year period (1939 to 1979) . . . . .

Arr%ngement of pitfall traps in each experimental
uni £ e e e e e e e e e e e e e e e e e
Heavily damaged tomato and cabbage intercropped
with sweet potato (treatment E) e e e e
Sweet potato monoculture (treatment A) . . .
Sweet potato intercropped with corn (treatment B)

Sweet potato_intercropped with soybean
(treatment C) . . . . . e e e e .

Sweet potato intercropped with corn and
soybean (D) . . . . .. e e e e e

Page

21

42

52

56
57

58

58

xii



14.

15.

16.

17

Relationship between number of sweet potato
weevils and damaged tubers e e e .

Number of insect and spider families associated
with sweet potato cropping systems . . .

Number of spotted tortoise beetle, Aspidomorpha sp.

(Coleoptera: Cassididae) collected from sweet
potato cropping systems at 35, 42, 49 and 56 DAP.

Number of the spiders, Lycosa sp. (Areneae:
Lycosidae)., collected from four sweet potato
cropping systems at 35, 42, 49 and 56 DAP .

62

69

72

73

xiii



