
EFFICIENCY OF A SYSTEMIC INSECTICIDE (DIMETHOATE) TO PREVENT
APHID-BORNE VIRUSES INAND INFECTION OFAPHID INFESTATION

POTATO (SOLANUM TUBEROSUM LIN. ) .

f

ROGERS.KAKUHENZIRE M.
(BOT. ZOO.) M.U.K.B. sc.

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENT FOR THE DEGREE OF MASTER OF SCIENCE

IN AGRICULTURE OF MAKERERE UNIVERSITY

DEPARTMENT OF CROP SCIENCE
1996

£ D
date

IN DE

INDEXED]
date j



DECLARATION

.1996Signed
KAKUHENZIREROGERS M.

(Bot/Zoo. M.U.K.)B . Sc .

This thesis has been submitted for examination with
our approval as the university supervisors.

I
Signed^

OGENGA-LATIGOMORRIS W.
(Agric.); M.Sc.; Ph.D.B.Sc.

1996Date
Assoc.

(Agric.); M.Sc.; Ph.D.B. Sc.

I

This thesis is my original work and has not been presented 
for a degree award in any other university.

Date.'?'. -1996

Datelfef'C

Signed
Prof. ADIPALA EKWAMU



DEDICATION

And my brothers and sisters,

To my parents whose love and respect for 
education was my inspiration.

I owe so much.



7

TABLE OF CONTENTS

Content Page
Title page i
Declaration ii

iiiDedication
ivTable of contents 

viiiList of figures 
List tables x
List of appendices xvi

xviiAcknowledgements 
xviiiAbstract 

CHAPTER 1: INTRODUCTION

Origin world distribution and importance of1.1
Solarium potato 1

1.2 Potato production and utilization 3
1.3 Potato production constraints in Uganda . . 7

CHAPTER 2: LITERATURE REVIEW

2.1 Introduction 9
2.2 Important potato-colonising aphids 10
2.3 Aphids as Solanum potato pests 10
2.3.1 Direct effects 11
2.3.2 Indirect effects 11

I



V

Aphids and virus transmission in Solanum2.4
12potato

Mechanisms of virus transmission2.5
in Solanum potato 13
Effects of virus infection on the2.6

16performance of Solanum potato
Control of aphids in potato 182.7

18Natural control2.7.1.
212.7.2 Cultural control

Chemical control 222.7.3
Objectives of the study2.8 25

CHAPTER 3: WEEKLY DIMETHOATE SPRAY ON APHIDEFFECT OF
COLONIZATION AND INFESTATION ON SOLANUM POTATO

Introduction3.1 26
Materials and methods3.2 27
Site selection and study area3.2.1 27
Establishment of field experiment3.2.2 28

3.2.3 Aphid flight activity above the
potato crop 30
Aphid colonisation, incidence and3.2.4
infestation Solanum on potato 32

3.3 Results
Aphid flight activity and potato crop3.3.1
colonisation 33



I

vi
Effect of dimethoate on potato-infesting3.3.2
aphid species and population build-up on
Solanum potato 37
Aphid incidence and population development3.3.3

Solanum potato varieties 41
Spread of aphid infestation on seven3.3.3.1
Solanum potato varieties 41
Aphid population development on potato 433.3.3.2
Relationship between aphid trap catches3.3.4
of potato infesting aphids and potato
crop infestation by aphids 48

Discussion 543.4

EFFECTIVENESS OF WEEKLY SYSTEMIC INSECTICIDE
SPRAY ON THE INFECTION OF SOLANUM POTATO
WITH APHID-BORNE VIRUSES

4.1 Introduction 59
Materials and methods4.2 61

4.2.1 Seed-borne (latent) potato virus infection
indexing before planting 62
Virus incidence and severity in field4.2.2
grown Solanum potatoes 63
Effect of dimethoate spray on the performance4.2.3
of field grown Solanum potato 64

I

4 CHAPTER FOUR:

on seven



vii
4.3 Results

Seed potato tubers latent virus infection4.3.1

indexing before planting 65
Virus incidence and severity in field4.3.2

66grown potatoes
Potato leaf roll virus infection severity4.3.2.1
in field grown Solanum potato 73
Incidence and severity of potato virus X4.3.2.2
in field grown Solanum potato 75
Effect of dimethoate spray on the field4.3.3
performance of seven potato varieties . . 77

Discussion4.4 88

CHAPTER 5: ASSESSMENT OF ONSET OF MATURE PLANT RESISTANCE
TO APHID-BORNE VIRUSES IN SOLANUM POTATO

5.1 Introduction 93
5.2 Materials and methods 94
5.3 Results 96
5.4 Discussion 101

CHAPTER SIX: GENERAL DISCUSSION AND CONCLUSIONS . 103

REFERENCES 107
APPENDIX 120



LIST OF FIGURES

Figure 1
potato infesting aphids caught in yellow
water (Moericke) traps at Namulonge during
the 1994 short rains and 1995 long
rains and at Kalengyere in the 1995 long

35rains (LR)

Species abundance of Solanum potato infestingFigure 2
aphids in dimethoate treated and untreated
plots at Namulonge and Kalengyere during
the 1994 short rains and the 1995 long

40rains

Build-up of aphid infestation on dimethoateFigure 3
sprayed and unsprayed Solanum potato
varieties at Namulonge during the 1994 short
rains and at Namulonge and Kalengyere in

long rains 44the 1995

Figure 4 Aphid population development (aphids per
plant) on dimethoate sprayed and unsprayed
Solanum potato varieties at Namulonge during
the 1994 short rains and at Namulonge and
Kalengyere in the 1995 long rains 47

Relative species' occurrence (%) of Solanum



ix
Figure 5 Regression relationship between aphid

infested potato plants (%) and number
of aptarae aphids at Namulonge in the
1994 short rains and 1995 long rains and
number of alate aphids at Kalengyere in
the 1995 long rains 53

Figure 6 Effect of plant age (days after plant
emergence) on infection of Solanum potato
with potato leaf roll virus (PLRV) in
potato plants inoculated at 10-day
intervals 100

k



LIST OF TABLES

Table 1 Relative occurrence (%) of potato infesting
aphids species collected from yellow water
traps and the same species from potato plants
at Namulonge during the 1994 short rains (SR)
and at Namulonge and Kalengyere in the 1995
long rains (LR) 36

Relative occurrence (%) of potato infestingTable 2
aphid species from dimethoate sprayed
and unsprayed potato plants at Namulonge
during the 1994 short rains (SR) and at
Namulonge and Kalengyere during the 1995
long rains (LR) 39

Table 3 Correlation coefficients obtained when
the total number of aphids trapped per
week were related to the total number
of alates, aptarae, aphids per plant and,
percent aphid infested plants in sprayed
and unsprayed potatoes at Namulonge (NAARI)
during the short rains (SR) of 1994 and
at Namulonge and Kalengyere (KRS) in the
long rains (LR) of 1995 . 50



xi
Correlation coefficients between percentageTable 4
aphid infested plants and, number of alates
and aptarae at Namulonge (NAARI) during the
1994 short rains (SR) and at Namulonge and
Kalengyere Research Stations (KRS) during

52the 1995 long rains (LR)

Mean Multiskan Plus values (RelativeTable 5
virus antigen titre) for virus indexing of
seed potato tubers before planting for latent
virus infection of seven Solanum potato
varieties obtained from Kalengyere in the
1994 short rains (SR) and planted at
Namulonge during the 1994SR and seed
tubers obtained from Kalengyere and
planted at both Kalengyere and Namulonge
in the 1995 long rains (LR) 67

Percentage of seed tubers per varietyTable 6
obtained from Kalengyere in the 1994 short
rains (SR) and the 1995 long rains (LR)
latently infected with potato virus X in
seven Solanum potato varieties 68



xii
Mean squares from ANOVA tables of MultiskanTable 7
Plus ELISA plate reader values for four
viral infections in seven Solanum potato
varieties under two insecticide spray­
treatments at Namulonge Research Station

69during the short rains of 1994

Mean square values from Multiskan Plus ELISATable 8
plate reader values for virus screening of
seven potato varieties at Kalengyere
Research Station during the 1995 long

71rains . 

Mean square values of Multiskan Plus ELISATable 9
plate reader values for virus screening of
seven Solanum potato varieties: Seed tubers
obtained from Kalengyere and grown at
Namulonge in the 1994 short rains (SR),
progeny of 1994 short rains (SR) at
Namulonge in 1995 long rains (LR) and
materials freshly obtained from Kalengyere
in 1995LR all grown at Namulonge during
the 1995LR 72

a



xiii
Mean Multiskan Plus values (RelativeTable 10
virus antigen concentrations) for Potato
leaf roll virus (PLRV), Potato virus Y (PVY)
and Potato virus S (PVS) infection in field
grown Solanum potato 75 days after planting
at Namulonge during the 1994 short rains and,
at Namulonge and Kalengyere in the 1995

74long rains

Mean Multiskan values (levels of virusTable 11
antigen concentration) for potato leaf roll

(PLRV) of seven Solanum potato varietiesvirus
at Namulonge Research Station during 1994
short rains (SR) and 1995 long rains (LR) . . 76

Potato virus X infection (relative virusTable 12
antigen concentrations) in field grown
Solanum potato at Namulonge during the
1994 short rains (SR) and at Namulonge
and Kalengyere in the 1994 long
rains (LR) 78

Mean squares of yield and yield componentsTable 13
of seven potato varieties at Namulonge
Research Station during the short rains
(SR) of 1994 and long rains (LR) of 1995 . 80



xiv
Means squares for yield and yield componentsTable 14
of seven Solanum potato varieties at Namulonge and
Kalengyere research station during 1994
short rains and 1995 long rains

81respectively

Table 15
varieties grown at Namulonge during 1994

in 1995 long rains (LR) . 82

Table 16
varieties grown at Namulonge during the
1994 short rains (SR) and at Kalengyere
during the 1995 long rains (LR) 84

Table 17
(PVX) infection (relative virus antigen
concentration) of seven potato varieties
at Namulonge and Kalengyere during 1994
short rains (SR) and 1995 long rains (LR) . . 86

Yield (MT ha'1) of seven Solanum potato

Yield (MT ha'1) of seven Solanum potato

Potato yield (MT ha1) and potato virus X

short rains (SR) and the progeny of 1994SR



XV

Correlation coefficients between potatoTable 18

potato leaf roll virus (PLRV) infections
(relative virus antigen titre) in field
grown Solanum potatoes at Namulonge
during the 1994 short rains (SR) and
at Namulonge and Kalengyere in the
1995 long rains (LR) 87

Mean squares for potato leaf roll virusTable 19
(PLRV) and potato virus Y (PVY) from
analyses of variance tables of seven
Solanum potato varieties exposed to
virus infected aphids at ten-day
intervals for six dates 97

Potato leaf roll virus (PLRV) infectionTable 20
(relative virus concentration) in seven

emergence (DAE) for plants inoculated at
ten-day intervals 99

potato varieties, 60 days after plant

yield (MT ha’1) potato virus X (PVX) and,



LIST OF APPENDICES

Appendix 1 Plant phenology of seven potato
varieties at different growth ages
at an interval of 10 days in a screen

120house

Weather data for of Namulonge andAppendix 2
Kalengyere Research stations during
the 1994 short rains (SR) and the 1995
long rains (LR) [October 1994 to
July 1995] 122



F

ACKNOWLEDGEMENTS
Morris W. Ogenga-Latigo andI am greatly indebted to Dr.

Dr. Adipala Ekwamu for their valuable guidance and supervision
during my endeavour to put together this piece of work. I am
also grateful to the Director of Namulonge Agricultural and

(NAARI),Institute theProduction ResearchAnimal
administrative officer of IITA-Namulonge

officeandwith houseassistedwho space,screenme
I would like thankrespectively, for my research work. to

Luyira all ofOtim Nape, and M.Smit, Mr .Nicole Dr .Mrs.
I wish toNAARI for assisting me with laboratory facilities.

Tissue Culture Laboratory atof theKasulethank Mr. Stan
NAARI for his guidance in virus serological methods. To Dr .

East African Regional Office andKidhane-Mariam of CIP,H.
Bhagsari for offering useful suggestions on thisProf. A. S.

work.
I also thank all the staff of Kalengyere Research Station

particularly Messrs F. Alacho, J.
looking afterprovision andtimely of seed potato, my

experiment at Kalengyere which I could not have done without
especially mentiontheir assistance. wish J. J.Dr.I to

Hakiza, Dr. L. Sikka and Mr.D.R. Akimanzi for their invaluable
personal contributions and advice. To my fellow students and

materially ormany other people I can not recall who helped
otherwise, I thank them all.

UnitedLast but least, would likenot thank theI to
for International (USAID)Development whoStates Agency

provided the funds for this study. Supplementary funding was
providedalso by InternationalAgency for Development,

Washington D.C. through a Potato Research grant to Fort Valley
State University College - Makerere University.

J

Mukalazi and B. Mateka for



ABSTRACT

Field experiments conducted at Namulongewere
Animal Production Research InstituteAgricultural and

short rains (SR)(NAARI) during the and the 1995 long1994
Kalengyere Research Station (KRS) duringrains (LR), and at

ef f iciencystudies ofevaluated theThethe 1995LR. a
preventing(dimethoate) in aphidinsecticidesystemic

aphid-borne viruses in potatoinfection ofinfestation and
house experiment was(Solanum tuberosum L.). alsoA screen

1995LR to establish thein the ofconducted at NAARI onset
mature plant resistance to virus infection in potato in order

application to criticallimit insecticide growthto spray
periods of potato plants.

The response of aphids to dimethoate spray treatment on

Kalengyere and Namulonge and, between aphid species infesting
potato, particularly at Namulonge. This affected the ability
of dimethoate to prevent aphid infestation and, consequently,
the spread of aphid-borne viruses in potato.

At Namulonge, dimethoate suppressed all potato infesting
aphids except Myzus persicae (Sulz.). This led to heavy M.

persicae infestation on sprayed than unsprayed potatoes. In
contrast weekly dimethoate sprays effectively controlled aphid
colonisation Kalengyere, and population inat development
sprayed potatoes. Unsprayed potatoes Kalengyereat were
heavily infested by aphids, with rapid aphid population growth
occurring between the fifth and the sixth weeks after plant

A comparison between Namulonge and Kalengyereemergence.
showed that there was higher aphid pressure at Kalengyere than

seven Solanum potato varieties varied significantly between
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at Namulonge and, a higher aphid pressure at Namulonge during
the long rains than the short rains.

The commonest potato aphid species caught in aphid traps
were not the most abundant aphid species from potato plants.
In addition, correlations between total trap catches and aphid
infestation indices from plants did not reveal significant and

correlationsconsistent within locations andseasons,
insecticide treatments. pooled data revealed thatHowever,

infested aphidof plants bypercentage potato was
significantly correlated with the total number of alate aphids

Aphid collectionstrapped. from plants Namulonge andat
Kalengyere showed that aptarae aphids adequately determined
the proportion infestedof by aphids.potato plants At
Kalengyere however, potato infestation by aphids was basically

function alate aphidsof both sprayed and unsprayeda on
potatoes.

Seed potato tuber indexing infection withlatentfor
aphid-bornethree virusespotato mechanicallyand one

transmitted virus before planting indicated that Kalengyere
Research Station has potential of providing seed potato free
from aphid-borne viruses. However, seed from three of the
seven varieties were infected with a mechanically transmitted
virus.

Attempt to prevent the spread of aphid-borne viruses in
field grown potato using weekly spray of dimethoate spray at
both NAARI and Kalengyere gave contrasting results. At NAARI,
all the potato varieties used in the study were infected with
potato leaf roll virus (PLRV) in the first theirseason of
introduction from Kalengyere to Namulonge, irrespective of the
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insecticide treatment. All the varieties were, however, free
from potato virus Y (PVY) and potato virus S (PVS) infection.

Kalengyere, effectivenesstotal dimethoatethe ofAt
against all potato infesting aphid species and, the absence of
aphid-borne viruses in field grown potatoes, probably indicate
the ability of dimethoate to control aphids and aphid-borne
viruses in Solanum potato at this site. It was also observed

higher aphid pressure at Kalengyerethat whereas
virusthan Namulonge thereat greater atwas a pressure

Namulonge than at Kalengyere.
Virus inoculation of screen house grown potato plants at

ten-day intervals after plant emergence using potato leaf roll
virus infected aphids showed that potato plants inoculated
after flowering may produce seed tubers which
aphid-borne viruses.

It was concluded from these studies that use aphicides in
field grown potato, differences of various potato cultivars in
susceptibility to both aphid and virus attack, and the on-set
of mature plant resistance can reasonably reduce infection and
spread of aphid-borne viruses in Solanum potato.

there was

are free from



1CHAPTER

INTRODUCTION

Origin, World Distribution and Importance of Solanum1.1
Potato

The present day cultivated potato (Solanum tuberosum

Lin.) originated in the Andes highlands of South America in
parts of the present day Peru and Bolivia (Burton, 1966;

This is also the
itsgenetic diversity of the Solanum potato,ofcentre

The domestication of thepests and diseases (Anon., 1988).
crop probably took place between 7000

The potato was introduced to Europe through Spain in
1573 (Horton, 1987), and was brought to Africa by European
colonialists missionaries about theand Century
(Burton, 1966; Horton, 1987; Anon., 1990). In Uganda, the

introduced Christian1890'saround the bycrop was
missionaries as a back yard garden crop especially in the
highland areas in the former districts of Kigezi (Kabale,
Rukungiri and Kisoro) and Bugisu (Mbale) (Anon., 1994b).

two thirds of the worldBefore the Second World War,
in continental Europe. 1945,potatoes were Aftergrown

production declined in Europe but increased in developing
especially in Africacountries, in potatowhere growth

production has been up to 47% of the 1945 level (Horton,
Potato is presently1987; Horton and Anderson, 1992).

i

18th

Horton, 1987; Anon., 1988; Hawkes, 1992).

modern potato as a
and 8000 years ago (Dodds, 1965; Hawkes, 1992).
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which inmajority ofcountries;in the140 aregrown

them beingthird ofsub-tropicaltropical and azones,
der 1990;countries (Beukema and Zaag,developing van

Midmore, 1992 ) .
The potato is the fourth most important food crop in

rice (Anderson, 1981;maize andwheat,the world after
1992). It ranks first among root andHorton and Anderson,

it1966 ) andplantains (Burton,andtuberstem crops
andproduction of all rootworld52.9% offoraccounts

Anon., 1990 ) .tuber crops (Simmonds, 1971;
Nutritively, potato has more edible protein than other

terms of protein productivity pertubers. In
hectare per day, potato producesunit edible portion per

This compares well withof edible protein.
lentils (1.6) and groundnuts (1.6).those of wheat (1.6),

superior in protein -productivity to other starchyisIt
sweet potatoes (1.0), rice (1.0) andfoods, for example,

cassava (0.1). It can thus be used to supplement cassava,
banana and sweet potato based diets (Anon., 1990; Beukema
and van der Zaag, Ewell, 1991).1990; Eaten alone potato

thehas protein and essential vitaminnecessary energy,
supply that with minimalthesupport human bodycan
supplementation (Horton, 1987; Anon., 1990).

Potato is historically well known for supporting high
population densities because its highof dry matter
productivity and its short growth period (Rhoades, 1982;
Horton, 1987). This is true in the case of Uganda. It is
not by accident isproduction becomingthat potato

1.5 kg ha"1 day"1

roots and
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increasingly important in Ugandan highlands which happen to
be highly populated and most families in these areas depend

Potato Production and Utilisation1.2

production andPublished potatoworld data on
utilization is not quite reliable because of the low volume
of international trade
as tea or coffee (Horton, 1987; Horton and Anderson, 1992).
By the nature of potato production on many small holdings,
its local domestic consumption and sale in local markets,

makes datasometimes level,farmsecondaryand atuse
collection on potato production and utilisation difficult

information(Ewell, 1991) . Uganda,the ofIn oncase
sometimesisproduction utilisation andand scanty

misleading mainly because of lack of attention the crop has
received until recently.

productionfive hasthe last decades,In potato
in commoditydecreased countriesdeveloped due to

substitution, livestockespecially in chemical andthe
industry. However, productivity has remained outstandingly
high mainly due to heavy capital input (Beukema and van der
Zaag, 1990; Midmore, 1992). In Asia, potato production has
remained plannedin withstable countries centrally
economies but increased grossly in terms of both yields per
unit area and total hectarage under the crop in countries
with free Africa,market 1992).(Midmore, Ineconomy

on it for food and sometimes cash income.

in the crop compared to crops such



4
thedue toincreased but onlyproduction haspotato
inincreaselittlewithin under potato,increase area

production hasAfrica, potatoproductivity. EastIn
annum during the last 15rate ofincreased at a

with1992 ) alsoSikka al. ,(Ewell, 1991; et noyears
theGenerally,productivity.inincreasesignificant

balance of world potato production is gradually shifting
from developed to developing countries, and from temperate
to tropical and sub-tropical zones (Midmore, 1992).

In Uganda, before 1968, promotion of potato production
of government agricultural policy althoughnot partwas

policy makers were aware of the potential of the crop as a
a National Potatofood and possibly a cash crop. In 1968,

Research and Development Programme (NPRDP) was initiated in
By then, the national averagethe former Kigezi district.

(Anon., 1994b). In 1974, eleven
varieties were developed by the NPRDP in collaboration with
Makerere University, United States Agency for International
Development (USAID) and International Potato Centre (CIP).

-1The yields of these varieties ranged from 20 to 60 MT ha
(Anon., Agricultural1994b). 1993, the Food andBy
Organisation estimated 39000 hectares to be under potato
cultivation in Uganda with an average yield of
(Anon., 1993b) although the NPRDP estimates the total area
under potato crop to be 45000 hectares (Anon., 1994b).

1993From 1981 theto total land under potatoarea
cultivation in increased being 23000Uganda by 69.6%
hectares in 1981 and 39000 hectares in 1993 (Anon., 1993b).

7 MT ha'1

yield was about 5 MT ha'1

7.1% per
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from

in 1992 but it decreased
there has been a generalin 1993. However,
potato production fromin tonnage ofincrease of 74.6%

in 1993 (Anon.,270,000 metric tonnes
The increase in potato production therefore, has1993b).

Solanum potato
cultivation than increase in yield per unit area.

In most cultures where Solanum potato was introduced,
the crop was initially considered unfit as human food. It

always associated with taboos and possiblewas
ill-health (Hawkes, 1992).

afterCentury,
learning that it was good at ensuring food security and its

support rapidly growing populations (Burton,ability to
1966; Horton and Anderson, 1992). Initially, the crop was

later used in industry to makefeed animals andused to
starch and alcohol. In the Netherlands and Japan, potato
is still an important source of industrial starch while in
Eastern Europe potato is still important
source of industrial starch
der Zaag, 1990 ) .

Asia isthe important foodpotato humanIn an
especially in countries with high population densities,

China, Indiasuch and is stillBangladesh. It anas
important source of industrial alcohol and starch in China
(Horton, 1987), and is
expensive cosmetics (Katafire M., personal communication).

i

6.7 MT ha'1
to 6.9 MT ha'1

Productivity over the same period increased by 7.54%, 
in 1981 to 7.2 MT ha'1

In Western Europe, potato began 
human food in the IS111to be recognised as

and alcohol (Beukema and van
as fodder and a

been due to more land being brought under

also reported to be used to make

170,000 in 1981 to

cause of
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Human consumption, however, takes precedence over any other

potato being eaten both as fresh dishes and industrialuse,
preserved packs (Beukema and van der Zaag, 1990; Horton and
Anderson, 1992).

Taking Africa and other developing regions in general
Nganga, 1982; Midmore, 1992) and Uganda in(Majisu, 1982;

some isparticular, much of the potato is freshly consumed,
is wasted potatoes.small fractionseed while a

inindustryprocessingisPresently, there potatono
Uganda, either to

future consumption. Theit forhuman foodpreserve as
FisheriesMinistry AnimalAgriculture, Industry andof

preparation andrecipesof 43 of potatoreports
None of which however, is yet exploited topreservation.

process potato on a commercial scale (Anon., 1994a).
farming systems America,andof- WesternIn Europe

potato production is highly mechanised and production costs
declined.have regions,consequently these potatoIn

cultivation is specialised businessagriculturala
enterprise especially in production.seed potato In
developing countries, butmonocrop potato notare rare
intercropping with beans, sorghum,
a common practice (Beukema and van der Zaag, 1990; Sikka
L.C., 1991 personal communication). Sikka et al.However,
(1992) noted that commercial profitable potatoand

stands
without disturbing the present land under traditional food
crops.

to manufacture industrial chemicals or

used as

maize or sugar cane is

production should be based on cultivation in pure
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Potato Production Constraints in Uganda1.3

like in many otherProduction of potato in Uganda,
is hampered by hightropical and sub-tropical countries,

the generation ofThese makedisease and pest pressure.
disease-free seed potato difficult and expensive (Burton,

this,In addition most1992). toSikka al. ,1966; et

andpotato pestsof theoffarmers not someawareare
destroy eitherthat directlythan thosediseases other

tubers or both.leaves,
Pseudomonaswilt caused bybacterialUganda,In

Verticilium and Fusarium fungalsolanacearum (E. Smith),
wilts, and several virus infections have hampered increased
potato productivity in most areas of Uganda (Kanzikwera,
1994).

insect pests in Uganda have not received thePotato
attention they deserve even indue

The most importantthe main food and cash income crop.
insect pests of potato in the tropics, Uganda inclusive,
are aphids (Raman and Radcliffe, 1992) which are mainly sap

They also transmit major potato viruses thatsucking bugs.
seed potato degeneration, leading to

reduced productivity of the seed progeny.
infesting aphids, Myzus persicaethe potatoAmong

(Sulz.) is of paramount importance (Raman 1984; 1985) as it
persistently transmits potato leaf roll virus (PLRV). This
is the most important virus infection that greatly reduces

size and yield per unitpotato tuber (Beemster andarea

areas where potato is

contribute a lot to
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DiFonzo et al.,1982;1972; Morales-Bermudez,Rozendaal,

important potato infesting aphids include1994) . Other
Macrosiphum euphorbiae (Kalt. ) , Aulacorthum solani (Kalt. ),

Aphis gossypii (Glov.) and theAphis nusturtii (Kalt.),
latysiphonRhopalosiphoninusaphidand sproutroot

These aphid species together with M. persicae(Davidson).
transmit potato virus Y (PVY) potato virus A (PVA), potato

(PVS) to mention a few(PVM) and potato virusvirus M S

transmitted by contact (Wardrop et al., 1989).
The control of virus infection in the potato industry

in Uganda has not received the attention it deserves. It
has been restricted to Kalengyere Research Station which is

In the same station,the main seed source for the country.
focus has been put on the viruses than their vectors.more

Namulongeview this,of study, was conducted atIn a
Research Station representing low elevations and Kalengyere
Research Station representing high elevations of Uganda.

the study was to document the incidence ofThe purpose of
the main potato viruses, their
evaluate how the two can be jointly managed. This was done

to improve of potato
especially seed potato whose poor quality could be one of
the main factors contributing to the low potatocause of
yields in Uganda.

I

(Smith, 1977; Hooker, 1981) although the later can also be

on the

common aphid vectors and

health statusin an effort



CHAPTER 2

LITERATURE REVIEW

Introduction2.1

The potato (Sol anurn tuberosum Lin.) is a host of many
arthropod species.
to have either part or all their life time on potato. The
greatest arthropod pest diversity associated with potato

South and Central America whereproduction occurs in the
the crop and its related species originate (Anon.,1988).

Solanum potato production systemHowever,
has its own pest complex (Raman and Radcliffe, 1992).

Globally,
all potato growing regions. These include the potato tuber
moth (Phthorimae operculella, Zeller), cut worms (Agrotis

spp.), coccinellids for instance (Epilachna spp.), thrips
(Frankliniella spp.), leaf hoppers (Empoasca spp.) mites
( Tetranychus spp.), Colorado potato beetle (Leptinotarsa

decemlineata) aphidand several species (Raman and
Radcliffe, 1992). In East Africa, Kibata (1982) reported
key pests of the potato as including the potato tuber moth,
the brown and black cut worms
(Agroetes spp.), pentatomid bugs for instance Nezara spp.,
shield bugs and several aphid species. Among these potato
arthropod pests, aphids take a key position in determining
the health status of a potato crop in all seed and ware

there are

each region or

At least 300 arthropod taxa are known

insect pests that are common to

(Agrotis spp.), wire worms
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but most especially in thepotato production programmes,

cultivation of seed potato.

Important Potato-Colonizing Aphids2.2

At least 15 aphid species are able to colonize potato
(Auclair, 1989 ) .
include Myzus persicae Sulz., Macrosiphum euphorbiae Kalt.,
Aphis nusturtii Kalt., Aphis gossypii Glover, Aularcorthum

and the subterranean aphid Rhopalosiphoninussolani Kalt.
latysiphon (Dav.).

four aphid species namely M. persicae, A.In Kenya,
gossypii were found commonlyeuphorbiae and A.

associated with Solanum potato in different potato growing
1986 ) .(Nderitu and Mueke, of Ugandaareas case

insect inlittle is bothabout ofknown potatopests
general and specific aspects.

Aphids as Solanum Potato Pests2.3

Aphids are polyphagous plant sap sucking bugs of great
economic (Richardsimportance Davies, 1977) .and When
abundant, aphids have a potential of causing direct plant
injury (Kolbe, 1970). The effect of aphid infestation on
Solanum potato can be broadly categorised as being direct
or indirect effects (Harrewijn, 1989). In Solanum potato,
aphids are primarily important as vectors of potato viruses
(Nderitu and Mueke, 1986; Harrewijn, 1989).

solani, M.

Those that find potato a preferred host

In the
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Direct effects2.3.1

aphid activity the hostsofThe direct effects on
of toxic saliva,sucking of plant sap, injectioninclude

interference with the physiological systems and removal of
Aphids1989) .(Wellings al. ,etamino-nitrogen cause

hosts by disrupting the plantphysical injury plantto
They also depleteflow.tissues leading to reduced water

hormones,and growththe plants' carbohydrate reserves
stunting and sometimes plant death (Schepers,leading to

1989; Wellings et al., 1989).
direct feeding damageIn

caused by aphids is insignificant and difficult to separate
from effects of virus infection resulting from feeding by
those aphids (Harrewijn, 1989;

Schepers (1989), nevertheless reported a yield loss1990 ) .
of about 10% when a population of about 500 aphids per 100

found in the potato crop. Reports bycompound leaves was
(1970) indicate that yield losses in potato due toKolbe

aphidaphid feeding is experienced after heavyverya
in mainand suchattack, not seasonoccur a

potato crop.

Indirect effects2.3.2

Aphids cause indirect damage to their hosts through
honey dew excretion and deposition and virus transmission.
The honey dew deposits encourage growth of opportunistic

a main season potato crop,

attack may

Beukema and van der Zaag,
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microflora, mainly saprophytic sooty mould fungi, on hosts

the photosynthetic activity of thewhich interfere with
in off-seasonobservedis oftenThis phenomenonhost.

it may not be a problem if a potato croppotato crops and
receives adequate rain.

isto host plants ofVirus transmission by aphids
greater importance than any damage done to it (Wellings et

aphids ofof1989 ) . the vectorseffectsal. , The as
active the aphids involvedviruses depend much more on how

Harrewijn,(Jayasinghe,their 1988;numbersare
actionit is1989 ) . this regard, setIn not toeasy

but very active aphid population is able to do more harm
than many sedentary and virus-free individuals.

Aphids and Virus Transmission in Solatium Potato2.4

There are more than 20 viruses and one viroid known to
infect conditionsunder natural (Smith,potato 1977;

Beemster and Rozendaal (1972)
described 20 potato-infecting viruses in terms theirof
physical properties, strain symptomology, ofand mode
transmission. They stated that most of the potato viruses

cosmopolitan and in this they may probablycontext,are
occur in Uganda.

main virus isThe of infection in potatosource
primarily from arthropod vectors which transmit the viruses
from alternative hosts or potato volunteer plants to a main

Hooker, 1981; Raman, 1985).

than on

thresholds against aphids as virus vectors since, a small
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Another source of infection ispotato crop (Raman, 1985).

the secondarily infected previous season's seed. Whatever
inleading role theaphids playinfection,of asource

in potato (Hooker, 1982;virusesinsect-bornespread of
Sylvester, 1989) although leaf hoppers,

white flies,
(Beemsterviruses andtransmission of potatothe some

Mechanisms of Virus Transmission in Solanum Potato2.5

theirgrouped according to mode ofViruses becan
transmission (Beemster 1972; Sylvester,and Rozendaal,

for instance, potato virus XA few potato viruses,1989) .
(PVX) and potato virus S (PVS), are transmitted by contact
(Hooker, 1981; Khalil and Shalla,1982; 1982; Wardrop et

al., 1989). The rest of the potato-infecting viruses are
transmitted aphids, either persistentlyby non-or
persistently (Beemster and Rozendaal, Smith,1972; 1977;

1981; 1982).Hooker,
non-persistent virus virustransmission,In the

particles adhere onto the stylets of the aphid during the
feeding process. The aphid can thus acquire or transmit
such a virus in a brief period of probing of the epidermal
cells of the host plant. Potato viruses transmitted this

sometimes referred being stylet-bornetoway are as
(Beemster and Rozendaal, 1972; Sylvester,Hooker, 1981;

aphid loses infectivity after time1989 ) . The shorta

Raman, 1984; 1985;
nematodes and fungi may also play a part in

Rozendaal, 1972; Hooker, 1982).
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molting stagefeedingmainly after another process or

(Hooker, 1981, 1982; Sylvester, 1989).
In persistently transmitted viruses, the virus has to

it undergoes cyclicaphid in whichingested by thebe
another host.changes before it can be transmitted to In

circulatesmodification,virus undergoesthe aphid, the
through the aphid's body and eventually enters the aphid's

An aphidSylvester, 1989).salivary glands (Raman, 1985;
will transmit or acquire this type of virus if it probes
and feeds on the phloem contents of the host plant (Hooker,

virusesSylvester, 1989).Jayasinghe, 1988; These1981;
are sometimes referred to as circulative viruses. Once the

it remains infectiveaphid is infected with such a virus,
1985) . Among the potatofor life (Hooker, 1982; Raman,

roll virusinfecting viruses, it is only the potato leaf
(PLRV) that is transmitted in this way (Hooker, 1981, 1982;

1985; Jayasinghe, 1988; Sylvester, 1989).Raman,
potato infectingis all aphid-borneknown thatIt

transmitted non-persistently except andPLRV
sometimes virus transmission(PVY),potato Y although
experiments of virusthe later givenhave always
conflicting results (Hille Ris Lambers,
Singh and Boiteau, 1986). Some
this group include potato virus A (PVA), potato virus S
(PVS) and potato virus (PVY ) (Beemster and Rozendaal,Y
1972; Hille Ris Lambers, 1972; Hooker, 1981, 1982). Potato
virus S is transmitted by both contact and aphids (Hooker,
1981;

viruses are

common potato viruses in

Khalil and Shalla, 1982; Wardrop et al., 1989).

1972; Raman, 1985;
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infecting potatoaphid-transmitted virusesAll are
roll virus (PLRV). Theexcept potato leafstylet-borne

PLRV is persistently transmitted and, specifically by
Jayasinghe,M. persicae (Hooker, 1991; 1992;

Transmission studies using other aphid species have1988) .
not produced conclusive results (Sylvester, 1989).

transmitted aphidviruses byStyle-borne anyare
the aphid is infected and it probesspecies as longer as

However, differentthe epidermal cells of the host plant.
transmit different viruses with differingaphid species

anatomical,efficiencies. This is because of
aphiddifferencesphysiological behaviouraland among

species ((Hille Ris Lambers, 1972; Wellings et al., 1989),
morphological differences cultivarsand potatoamong

(Nderitu and Mueke, Gibson and Rice, 1989).1986; Because
of this, few aphid species find Solatium potato a suitable
host effectively coloniseto are
able to efficiently transmit potato viruses. Boiteau et

(1988) collected 62 aphid generaal.

that only seven of them were able to colonise the potato,
persicae wasand M. the only efficient of PVY.vector

Among the potato colonising aphids only M. persicae is
capable of transmitting PLRV. transmitsalso otherIt

viruses efficiently aphidpotato otherthan mostmore
species that infest potato (Schepers, 1985) .1972; Raman,
The inherent differences in potato cultivars, aphid species
and potato viruses call for an integrated approach when
planning an aphid and virus control strategy.

or species and found

Raman, 1985;

few thereforeand very
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Effects of Virus Infection on Performance of Solanum2.6
Potato

Some potato virus infections cause visible and defined
The symptoms of some virusessymptoms on potato foliage.

potato may overlap while other viral infections may showon
Glinka andthe host plant (Hooker, 1981;no symptoms on

Mih al. ,1982;Khalil Shalla, etandGordeichuk, 1982;
viral1992 ) . However,and El-Hassan,1993; Omer many

distinct vegetative andin potatoinfections poorcause
yield effects which may include leaf rolling and curling,
leaf mosaic and chlorosis, inter-veinal banding, leaf drop,

few and small sized tubersplant stunting, production of
and consequently low yields (Beemster and Rozendaal, 1972;

Schepers, 1972; Smith, 1981;
Jayasinghe et al.,1982; 1989; Zaag,

1990 ) . leaf roll virus in particular causes tuberPotato
whilenet necrosis (de Bokx, et al., 1994)DiFonzo1972;

PVS causes no visible symptoms on the foliage (Beemster and

The effects of virus infection on potato yields depend
virus, potato variety and conditionson type of of crop

growth (Reestman, Jayasinghe et1972; al. , 1989; Beukema
and van der Zaag, 1990). Yield decline also depends on the
number of generations of using the same seed stocks after

infection (Omer andinitial virus 1992 ) .the El-Hassan,
Reduction in yield through primary infected potato crop is
usually much lower than that from seed-borne or secondary

Reestman, 1972;

Rozendaal, 1972; Hooker, 1981; Khalil and Shalla, 1982).

Beukema and van der
1977; Hooker,
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Beukema and van der Zaag,infected crop (Reestman, 1972;

tubersThus for the production of seed potatoes,1990).
for planting should be free of any virus infection (Burton,

If planting material is infected,1972) .
seedin the subsequentyield decline will be greatthe

Progressive yield1982) .progeny (Glinka and Gordeichuk,
decline is observed if seed potato is saved from successive

(Omer and El-Hassan,crops
seed regularly to reduce the build-up of virus infection.

virusin duereduction effects potato toYield
cultivar andinfection depend the potatoalsomay on

1972;(Beemster and Rozendaal,conditions during growth
cultivars1989 ) .Wiersma, In Solanum potato,1972; some

against have beenwith resistance andPVS PVXPVY,
is resistanceidentified. much known about PLRVtoNot

(Wiersma, 1972; Beukema and van der Zaag,
al., 1994 ) . In terms of plant growth conditions, a potato

soil by virusaffectedbeon poor may more
infection than that grown on fertile soil, even if the two

virus (Beemsterhave the of infection andlevelssame
1972; Wiersema, 1989).

Split application of nitrogen also tends to encourage virus
infection in Solanum potato than a single dose at planting
(Reestman, 1972; Harrewijn, 1989).

Potato yield depression also depends on the nature of
virus or virus strain infecting potato (Hooker, 1982). The
potato leaf roll virus depresses potato yields more than

OtherLambers, Hooker,1982;1972; Jayasinghe, 1988).
any potato virus in one season after infection (Hille Ris

Rozendaal, 1972; Hille Ris Lambers,

1966; Reestman,

1990; DiFonzo et

crop grown

1992) hence the need to renew
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and PVS althoughpotato viruses, instance, PVY, PVXfor

mild, have profound effects on yield if infected potatoes
generationsseed forcontinuously used manyasare

Mixed virus infections in(Reestman, 1972; Hooker, 1982).
than singlegreater yield reducing effectshavepotato

viral infections (Jayasinghe et al., 1989).

Control of Aphids in Solanum Potato2.7

inadoptedbeaphid control thatThe canmeasures
Solanum potato depend on whether the product of the crop is
to be used either for consumption (ware) or as seed. Some
control measures, however, overlap the two potato utilities

attention is required for aphid(Harrewijn, 1989). More
control in seed than ware potato crop as the Solanum potato
industry is based on availability of high quality disease-

(Oie-Dharma, Sikka 1992) .free seed 1969; al. , Theet

control of potato-infesting aphids like that of other crop
chemicalbe basedpests natural, andculturalcan on

(Rose, Smith1963; 1967;and den Bosch,measures van
Mathews, 1984; Oonyu, 1992).

2.7.1 Natural control

There are key factors in nature that limit the build­
up of high aphid populations on their hosts. These factors
include enemiesadverse weather conditions naturaland
(Doutt, 1967; Shands al. , Heavyet 1972; 1992).Oonyu,
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rainfall, strong winds, high or very low temperature and
humidity may drastically reduce aphid numbers (Shands et

1972). Biological affectal. , control alsoagents
A combination of abioticinfestation of a crop by aphids.

and biotic factors would have a capacity of checking aphid
infestation in a crop if properly exploited (Doutt, 1967;
Tanada, 1967 ) .

enemies aphids includeNatural of predators,
parasitoids and pathogens. Van Emden et al.(1969) presents
a comprehensive list of aphid natural enemies in various
orders and families of arthropods and several species of
fungi. Among aphid predators are 48 species in the family
Coccinellidae, species in the family Syrphidae, eight50
species in the family Anthocoridae, four species in the
families Chamaemyiidae and Nabidae, two species in each of
the families Cantharidae, Cecidomyiidae and Miridae and one
species in familythe Pentatomidae. the orderIn
Neuroptera, 26 species are known to prey on aphids and in
the order Acarina, two species, namely, Bochartia kuyperi

(Oud.) and Thisumena lepida (Thorek) also prey on aphids,
M. persicae in particular.

Aphid parasitoids include 40 species in the family
Aphidiidae and six species in the family Aphilinidae.

Ten species of entomogenous fungi are known to infect
aphids (van Emden et al., 1969). Aphids are also attacked
by viral diseases (Doutt, 1967). All these natural enemies
together with the influence of climate appreciably reduce
the population density of aphids in potato crop.
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Not all the aphid natural enemies may occur in a given

In East Africa, the natural enemies ofgeographical area.
aphids that have been recorded include fungi in the genus

Cheilomenescoccinellid predators suchEntomophthora, as
(Gerst.),C.sulphurea (Oliv.), C. auroralunata (Fab.),

C.vicina (Mui.), Hippodamia variagata (Goez.), Platynaspis

Adelia(Weise),trepidulus(Crot. )capicola Scymnus

sexareata (Weise), A.bipunctata (Lin.), Xanthgramma calopus

Melonostoma bituberculatum (Beck.) and(Loew), Oris spp.
Ogenga-Latigo et al. ,(Oonyu,M. infuscatum (Beck.) 1992;

1993 ) .
of natural control measures to prevent aphidThe use

abioticseveral shortcomings. Theinfestation has got
precisely predicted theyandbefactors not are,can
Biological agents are influenced bytherefore unreliable.

complex interactions between themselves and abiotic factors
(Tanada, 1967). meet thenatural control may notHence,
economic pest threshold set for the crop (van Emden et al.,

et al. , 1972) and, natural enemies therefore1969; Shands
little importance (Ogenga-Latigo al. ,be of et

instance,1993 ) . parasitoidspredators andFor are
parasites insecthyperparasites whileattacked by and

epizootics greatly influenced andby temperatureare
humidity. enemies ofNatural also tendencyhave a
competing for the same host (Tanada, 1967). Sometimes, the
host insects may develop resistance to the pathogen (Doutt,
1967) or avoid predators by release of warning pheromones
when attacked and thus increasing the dispersal of aphids

seem to
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1989 ) . Biological control(Carver,host plants

often density dependent and start operatetoagents are
already been colonised (Hodek al. ,etwhen the

virusdeterable tonotConsequently, they are1972 ) .
spread even if they were able to keep aphid density in a
crop low enough not to cause physical plant damage (Carver,

Cultural control2.7.2

croppingiscontrolCultural a
resist,system such that crop plants can either withstand,

or escape pest attack (Rose, 1963). Practices that may be
include planting,aphids earlyadopted controlto

fertilization,intercropping, strip cropping, crop
rotation, irrigation, pre- and post-season sanitation, weed

Cultural control strategiescontrol and host resistance.
entirelybe dependable bethey havenot tomay so

sometimes chemicalsupplemented natural controlby or
(Shands et al., 1972) .

The control of aphids using host resistance may be due
to temporal, physiological reasons and variation in growth
habit in different crop cultivars (Smith and van den Bosch,
1967; Martin, 1973). plantsSome to produceknownare
antifeedants, repellents or chemicals that are similar to
aphid alarm pheromones. Any of these protective mechanisms
are likely to reduce aphid infestation. Other plants have
pubescent leaves which deter aphid feeding. These features

1989; Gibson and Rice, 1989).

on the

crop has

the modification of
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help plants to retard aphid attack (Auclair, 1989).can

significantly aphidreducetheyHowever, notmay
infestation.

production, cultural controlSolanwn potatoIn
measures against aphids may be useful in ware potato crop

feeding isaphidyield reduction oftenwhere due to
insignificant and current season virus
adversely affect yield. In seed potato cultivation, aphids
must be prevented from colonising the seed crop however low
the aphid population density in In this
context, control measures such as host plant resistance may

suitable
This will enhance the spread of potato aphid-bornehost.

viruses particularly non-persistent (Auclair, 1989;ones
Harrewijn and Minks, 1989). Thus, breeding

for host resistance in potato should aim
more at virus resistance than aphid resistance (Harrewijn,

Chemical control2.7.3

reducing pest population significantly and rapidly although
against their is constantly mounted bypressure use

environmentalists (Mathews, 1984). A number of granular
and liquid insecticide reported to keep
aphid infestation under check in many broad leafed annual

Granular systemic insecticides whichcrops. are
include (Thimet),Phorate Disulfoton (Disyston) and

Agricultural pesticides are often the only means of

encourage aphid restlessness as

formulations are

they look for a

infection may not

Carver, 1989;

1989; Raman and Radcliffe, 1992).

in use

a crop may be.



23
much of the aphid controlCarbofuran (Furadan). However,

in many crops is by use of liquid insecticide formulations.
Dimethoateinsecticides includeThe commonly available

(Temik),Aldicarb(Malathion),Malathion-E(Rogor),
(Metasystox),(Cymetox), Demeton-S-methylyDemiphion

Phosphamidon (Dimecron), Diazinon (Neocide), Metamidophos
(Thiodan),(Alfix), Endosulfan(Tamaron), Formothion

(Parathion) (Kibata,Parathion-EPrimicarb (Aphox), and
Hill and Waller, 1988; Oonyu, 1992).1982; Mathews, 1984;

In a number of crops, aphids are controlled to prevent
indirect feeding damage orderthe tocurrent cropon

Yield gains in potato asenhance yields (Oonyu, 1992). a
insecticides feedingusing directresult of reduceto

damage of aphids are marginally useful and gains only occur
very high aphid populations (Kolbe, Schepers,at 1970;

Harrewijn, 1989 ) . Such aphid populations may not1972;

Insecticides have always been used in potato cultivation to
prevent the spread of aphid-borne viruses, however, reports
of insecticidesuccessful of in controlling potatouse
aphid-borne viruses sometimeshave conflictingbeen
(Schepers, 1972; 1989). Quick-acting pyrethroids have been
found effective at controlling the spread of non-persistent
viruses within the field but not infections from outside it
(Hooker, 1982; Atiri and Jimoh, 1990). On the other hand,
the spread of persistently transmitted viruses is reported
to be significantly reduced by systemic insecticide sprays.

controlthisHowever, spreadvirusmeasure preventcan

occur in a commercial, main season Solanwn potato crop.



24
it (Raman,outside 1985;fromwithin but notthe crop

On the whole, insecticides, especiallyHarrewijn, 1989).

of persistent viruses than non-persistent ones (Broadbent,
1989; Harrewijn, 1989).Schepers, 1972;1957;

ininsecticidesystemiceffectiveness ofThe a
by applying theenhancedreducing virus bespread can

liquidsprayingplantinginsecticide granules at aor
formulation immediately after plant emergence (Beemster and

If thisBeukema and van der Zaag, 1990).Rozendaal, 1972;
is combined with use of virus-free seed stocks in an area
with low vector pressure, virus infection in Solatium potato
can be greatly reduced (Hooker, 1982; Jayasinghe, 1988).

insecticides that have beenKenya the commonestIn
used in potato for controlling aphid infestation with the
aim of reducing the spread of aphid-borne viruses infecting

mainly Dimethoate (Rogor), Demeton-S-methylpotato are
(Metasystox) and Diazinon (Neocide) 1982 ) .(Kibata, In

eitherUganda, scanty work has been done theto document
aphid species commonly infesting theSolatium potato or

main potato infecting virusof four thatoccurrence are
universallythought in tropics. Littleto theoccur

efforts beenalsohave made controlto evaluate some
measures that can be employed to prevent aphid infestation
in potato and prevent or reduce the spread of aphid-borne

This study was initiated inpotato viruses. response to
the issues raised above.

systemic ones, are more effective at preventing the spread
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Objectives of the study2.8

In any potato production system, acceptable control of
key potato pests is by use of insecticides (Kibata, 1982;

1992 ) . insecticidesRaman and Radcliffe, The use of to
control Solanum potato pests in Uganda is minimally known

Farmers are also not aware of theand scantly documented.
possible dangers of insect pests such as aphids to a potato
crop as long as they do not damage the foliage or tubers.

initiated determineA study therefore aphidthetowas
species infesting potato and the detrimental effects they
pose to the potato industry in high and low elevations of

The specific objectives of the study were to:Uganda.

i) Determine the aphid species commonly infesting Solanum

potato in low and high elevations of Uganda.

ii) Assess the occurrence of four potato infecting viruses
in low and highland Uganda.

iii) Evaluate relativethe resistance of potatoseven
cultivars to aphid infestation and infection with four
potato viruses and how host resistance can be enhanced
with regular systemic insecticide applications.



CHAPTER 3

COLONIZATIONAPHIDSPRAY ONDIMETHOATEEFFECT
AND POPULATION DEVELOPMENT ON SOLANUM POTATO

3.1 INTRODUCTION

Alate aphids arrive in an area of vegetation in random
Harrewi j n,(Broadbent, 1989 ;1957 ;and undirected flight

alate1989 ) . Evidence that potatosuggest sHarten,van
especially Myzus persicae (Sulz.), a 1ight on bothaphids ,

e t
Air-borne aphids (alates) are1969; Heathcote, 1972).a 1. ,

particularly attracted to green and yellow colours and this
(van Emdenenables potato aphids locate their hoststo e t

1989).al. , Gibson and Rice, Because of this visual1969 ;
attraction, t he aphids wi 1 1 inevi tably 1 and newlyon a
emerged potato and colonise i t if theysettle andcrop,
find the plants suitable as hosts.

The first colonizers of wingedpotatoa crop are
aphids. The total number of winged aphids that alight on

less important than the period of flight at a
given time of plant growth (Broadbent, Hille R i s1957 ;
Lambers, Harrewi jn, 1989) .1972; This i s because crop
infection with aphid-borne viruses, which is more important
than aphidthe usua 1 co 1 on i sat ion i sf eed ing,and most
likely to early in the season when the young potatooccur
plants

the crop are

OF WEEKLY

are more susceptible to virus infection before

host and non-host plants with equal chances (van Emden
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If some of the initialacquiring mature plant resistance.
they arev i ru 1 i f erous,colonizing aphids arepotato crop

likely to introduce potato viruses
Radc1i f f e, 1992;and(Schepers, 1972; Ramanplant age

DiFonzo et al., 1994).

However, attempts should be made to stop them from feeding
infections have beenOnce the viralcolonizing it .

of firstof f spr ings thet hei n t roduced into t he crop,
invi rus spread t heenhancewi 1 1 alsoimmigrants crop

aphid(Hodek 1972). needthea 1. , preventtoHencee t
In thispopulation establishment in a young potato crop.

ofes t ab1i sh t he rolemadestudy, at tempt to awasan
systemic insecticide, dimethoate ( 0,0-dimethy1-S-(N- methy1
carbamoyl)-methyl), ofcolonisationin prevent ing t he
Solatium potato by aphids.

3.2 MATERIALS AND METHOD

Site Selection and Study Area3.2.1

The study was conducted at Namulonge Agricultural and
Anima 1 Product ion (NAARI)Research Inst i tute dur ing the
short (SR) (Septemberrains December) andof 1994 at
NAARI and Kalengyere Research Station (KRS) during the long
rains (LR) (February - May) of 1995.

(NAARI) ofNamu1onge i s located North-east27 km
27 E, 32 N andKampala at longitude 32° latitude 0°

on or

a mean

It is not easy to stop aphids alighting on the crops.

in the crop at an early
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1 eve 1 (a.s.1.). The area iselevation of 1150 m above sea

1270 mm of rainaverage ofand humid and receives anwarm
i smonthly maximum temperatureannua 11y. Its mean

The soils are fertile andwhile the mean minimum is

we 1 1 drained.
48 EKalengyere is located in South-western Uganda,

138 , i s 2400from Kampala.km 11about 480and m

1600 mm and itsra inf a 11its annuala . s . 1 . , meanaverages
andminimummonthly maximum and temperatures are

11°C, respectively. cool and windy, and nightThe area is
andin Julybe 1 owsomet imes droptemperatures can

light and ofsoils at KalengyereTheAugust. are young,
organ i cvo1 can i c origin, highwith contentmat ter

1992) .(Send iwanyo,

Establishment of field experiment3.2.2

Solatium variet ies namely; Rutuku,Seven potato
382171.4, Ki soro, Kaba 1e, Victoria, 381403.1 and Sangema
were used. Three replicates, each consisting of two main
plots in split-plot ofset arrangementwere up a a
randomised complete block design. At Namulonge, each main
plot measured 30.0 m long and 4.8 m wide and the main plots
in a replicate were separated by a 2 m wide alley. In each
main plot, seven

,2(14.4 nr) and separated f rom each other by wide1 . 5a m
a 1 leys were set.

21.5°C

16°C.

10°C

29°C

29°
1°

sub-plots each measuring 4.8 m by 3.0 m
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because of nature of the terrain, eachAt Kalengyere,

However,
to make the set-up

(7) of varieties was used.symmetrical since an odd number
The main plots and sub-plots were separated from each other

the main plots inboth Namulonge and Kalengyere,At
insect icidesystemicofcompr i sedeach replicate a
var i e t i es.thewh i 1 e the sub-plot potatotreatment was

t heeach replicate and withini nmain plotst heBetween

1)(var .borders, maizeal leys and along the Longe was
grown at Namulonge and wheat (var. UW0036) at Kalengyere to

duringinsect icide driftbarriers againsts e rve as
For each potato variety (sub-plot),spraying. four row­

tubersplots each with tubers were planted. The seed12
within each planted at spacing of from40a cm
each other, whi 1 e withint he sub-plot 75rows cma were
apart giving seed rate of 33,333 tubers per hectare. Aa
wider spacing than the recommended (70 cm by 30 cm) wasone
used in order avoid early plantt o and preventcontact
aphids frommoving plant another theear ly intoone

The kept weed free and given regu1 arseason.
fungicide sprays to prevent fungal attack.

The two insecticide spray treatments studied were:
and

= Weekly spray of dimethoate 40 EC at a rate of 2 ml per
ha'1.litre of water equivalent a. i .

T2
T1

row were

one sub-plot in each main

a dummy plot in order
as those at Namulonge.

as at Namulonge.

= No insecticide spray,

2 main plot consisted of 8 sub-plots the same size (14.4 m )

plot was used as

crop was

to 1190 g



30

The systemic insecticide was used in order to determine the
co 1 onisat ion,aphidwh i ch it preventextent to can

infection and spread in Solanumviralpopulation build-up,
potato.

wouId alight(a) that aphids that
if theyprevented from feeding on several of them, or
wou 1 dfeed on the crop after spray application, they

die before colonising the crop.

that winged and non-winged aphids found in the potato(b)
crop at the time of spray application would be killed.

(c) the young aphids deposited on the crop by adult alates
in the course of colonisation would be killed if they
feed on the insecticide treated plants.

Aphid flight activity above the potato crop3.2.3

The flight activity of alate aphids above the potato
traps (Raman,four yellow water

1984 ; 1989) per replicate placed 1 . 5
the ground metallic s t ands . The made oftrapson were
yellow circular 30 top diameter plastic Thebas ins.cm
yellow colour is known to attract potato aphids, and most
especially M. persicae, which is the most important Solanum

virus (van Emden Ri spotato vector Hilleal. , 1969;e t
Lambers, 1972; Raman, 1984 , 1985 ) . The traps were painted
dark outside improve att ractivenessto theirgrey on

van Harten,

This was done on three assumptions;

crop was monitored using

on the plants would be

m above
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A circular shape1984).1972; Raman,(Taylor and Palmer,

the same
1972). Each trap(Taylor and Palmer,from a 11 direct ions

bas in.o f thethebe 1 ow2 topcontained towater cmup
Three drops of a liquid detergent (Tide) was added to each

the aphids fromtrap to break surface tension and prevent
(Taylor and Palmer, 1972; Raman,trappedflying off once

7.5 m by 12.0 m apart at1985 ) . The1984 ,
p1aced 13.5KalengyereNamulonge while those at mwere

of theof t hebecausea 1 ong the naturecontourapart
terrain.

Aphid trapping began when 75% of the potato plants had
emerged (3-4 weeks after planting). The captured aphids

Tuesdays andweek onremoved from traps twice everywere
aphids in plastic po11en-Fr idays. collectedThe were

collecting vials (one replicate) containing 95%vial per
ethanol, laboratory for identif ication.and t aken t heto

refilled with fresh water andThe traps were then cleaned,
detergent and reset.

the 1 aboratory, infesting aphidsIn potato were
f rom aphid speciesseparated other ident i f i cat ionusing

keys (Anon., 1979a, 1979b; Blackman and Eastop, 1984 ; van
1989)Har t en, and each species in freshpreserved 95%

ethano1.
the 1994 short rains (SR) and for six weeks during the 1995
long rains (LR)
out Thethe 1995LR.over
average prevalence of each aphid species for each week were
plotted against time of sampling.

was preferred because it presents

traps were set

a period of nine weeks during

At Namulonge, trapping was done for nine weeks in

season, while at Kalengyere it was carried

shape and size
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incidence and infestation onAphid colonisation,3.2.4

Solatium potato

To assess aphid colonisation and population levels on
the plants in a row were sampled alternatelypotato plants,

total ofend of 20t heleaving out those the Aat rows .
five from each row,plants were sampled from each sub-plot,

the proportion of plants infested by aphids recorded.and
aphid countsBefore flower-budthe plants reached stage,

offrom whole plants. Thereaf ter, maximummade awere
three main stems per plant were sampled and all the leaves

Sampling covered the period of trappingi t examined.on
descr ibed in Section The aphids counted3.2.3. aswere
alates and and the fortotals eachaptarae category per
plot worked out. Samples of the aphids were also collected
from each sub-plot, preserved in 95% ethanol and taken to
the laboratory for identification described in Sectionas
3.2.3.

Data collected on aphid species abundance in sprayed
and unsprayed plots were analysed using MSTAT-C statistical
package and relative species themean occurrence over
sampling period tabulated. The mean abundance per week for
each potato infesting aphid species from experimental plots
subjected to the insecticide treatments above were plotted
against time of sampling in weeks. aphid countsData on
and aphid infestedpercentage plants subjected towere

of variance (ANOVA)ana lysis s i gn i f i cance oftheto test
the treatments. Means for of aphidstotal number per
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forper week,infested plantsplant and percentage aphid

time.against samp 1ingplottedvar ietyeach were
theperformedanalysisCorrelation t o assesswas

total number of alate aphids trappedrelationship between
alate and aptarae aphids collectedin yellow water traps,

plantof aphids andnumberfrom plants,potato per
Correlation andinfested plants.aph i dpercentage

regression relationships between percentage aphid infested
inpotato plants and number of alates and aptarae counted

sprayed and unsprayed potato plots were also analysed.

3.3 RESULTS

Aphid flight activity and potato crop colonization3.3.1

Relative of the aphid species caught inoccurrence
yellow water traps, representing aphid flight activity over
the potato is presented in Figure and Table1 1.crop,
The relative incidence of aphid species colonizing Solarium

potato are presented in Table 2 and Figure 2.
during the 1994 short rains (SR),At Namulonge, there

a higher trap catch of Aphis gossypi i (Glover) thanwas any
other aphid species. The proportion of this aphid species
increased gradually from the first to the ninth week after
plant emergence (Figure 1). For the other species, there

a gradual decline in the population of Myzus persicaewas
(Su1z . ) , Macrosiphum euphorbiae (Kalt.), Aphis nusturt i i

(Kalt.) and Aulacorthum solani (Kalt.) from the first to
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Thereaf ter , theirafterfifth weekst he

(Figure 1). similar popu1 at ionpopulation stabilised A

increase of A. gossypii from traps over other aphid species
obtained at Namulonge during the 1995 long rains (LR),was

traps during thisi ncaughtalthough A. not

(Figure 1).season
catchesduring the 1995LR,Kalengyere, trapAt

high proportion of M. euphorbiae (Figure 1).
Its population decreased from the first to the fourth week
and then steadily increased till the ninth week after plant
emergence (Figure 1). Other species occurred erratically,
their proportions being less than in al 1 weeks.20% A.

solan! was rare and was caught in traps only in the seventh
week of sampling (Figure 1).

compar i son of aphid aphidcatches andA trap
col 1ect ions from plants revealed that t hepotato most
abundant aphid species potato at Namulonge during theon
1994SR was persicae wh i 1 e trap catchesM. showed higha
proportion of A. gossypi! and a low proportion of A. solan!

(Table 1). In the 1995LR, persicae was collectedM.more
from potato, while traps again caught more A. gossypii than
any other aphid species (Table 1). Kalengyere duringAt
the 1995LR, high proportion of M. persicae in
the crop whi1e the most abundant potato aphid from traps

euphorbiae (Table 1).M. Neither A. nusturtii norwas A.

gossypii col lected from plants locat ion,thisatwere
although they were evident in the traps. At both NAARI and

there was a

solani was

KRS , the proportion of A. solani in traps and plants was low.

indicated a

crop emergence.
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Table 1:

KalengyereNamu1onge

PotatoTrapsPotatoTraps
1994SR
M.persicae 18.111.52.610.6
M.euphorbiae 3.410.8 0.710.2
A.nusturt ii 13.5±1.213.0+1.8
A.gossypii 74.3 + 3.2 8.811.0
A.solani 6.6±1.8 5.610.7
1995LR
M. persicae 5.7±1.8 55.2±2.0 22.011.66.513.0
M.euphorbiae 0.1910.1 0.7.10.2 16.9+1.444.616.0
A.nusturtii 13.413.0 5.610.8 12.513.8 0.010.0
A.gossypii 80.713.8 10.111.0 19.614.0 0.010.0
A.so 1 ani 0.0410.0 0.510.2 4.312.3 4.510.7

Aph i d 
species

Relative occurrence (%) of potato infesting 
aphids species collected from yellow water traps 
and the same species from potato plants at 
Namulonge during the 1994 short rains (SR) and at 
Namulonge and Kalengyere during the 1995 long 
rains (LR).
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Effect of dimethoate on potato-infesting aphid3.3.2

population build-up on Solatiumspecies and their
potato

The aphid species composition and population trend of
treated withpotato plants sprayed or noteach species on

and Figure 2,in Tab 1 e 2presenteddimethoate are
species compos i t i onThe number andrespect ively. on

differed greatly bothsprayed and unsprayed atpotatoes
Namulonge (NAARI) and Kalengyere.

nusturtii wereduring theAt Namu1onge, 1994SR,
col 1ect ed unsprayed than other aphidpotatoeson any
species wh i 1 e persicae weredur ing the 1995LR, M.more
collected from plots receiving the (Tab 1etreatmentsame
2) . The populations of other aphid species in unsprayed

low and varied considerably, only stabilisingpotato were
after the fifth week of sampling (Figure 2A and B). Al 1

collected from unsprayed
least in all sampling times.potato at

At Kalengyere, aphid collections in unsprayed potatoes
showed that the most abundant aphid species

persicae (TableM. and Figure 2C) .2 euphorbiae (theM.

most abundant species from traps) and A. so 1 ani were also
co 11ected but the latter species (Table 2).was very rare
The popu1 at ions of persicaeM. and euphorbiae inM.

unsprayed plots grew steadily from the first to the seventh
and e ighth weeks, respectively, decl ining.before A.

solani appeared from the fourth week onwards (Figure 2C).

A.

on potato was

the potato infesting aphids were
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from plants fornusturtii were absentgossypii and A.A.

the nine weeks of sampling (Table 2 and Figure 2C).all
The occurrence of potato infesting aphids in sprayed

(NAARI) andbetween Namu1ongecontrastedplots sharp 1y
thereduring the 1994SR,Namu1onge,Ka1engyere. At was

d imethoate sprayeddi f f erent ia1 aphid incidence on
On these plants,potatoes.

other aphidof persicae comparedhigh toM.occurrence
of M. persicaespecies. For example, occurrence

of samp 1ing was 44.5% while thefor t he nine weeks next
(A. (Tab 1e 2) .nusturtii) Thisabundan t on 1 y 3.6%was

sharply contrasts with the potatoes that treated
with the aph i c i de. The trend i n increase ofthe
populations of different aphid species thereshowed that

s t eady rise in the number of pers icae andM.was a a
gradual decline of other aphid species the period ofover
sampling in sprayed plots (Figure 2D). Dimethoate seemed

ki 1 1 other infesting aphidto speciespotato M.except
pers i cae. A similar trend was observed at Namulonge in t he
1995LR (Figure 2E).

At Ka1engyere, there was no differential incidence of
potato infesting aphids in sprayed Al 1potato. potato
infesting aphids were equally affected by the insecticide
(Figure 2F) . The proport ion of individual aphidmean
species did exceed 6.5% (Table 2) ofnot and the number
aphid per species 10 aphids i nbe 1 ow
sprayed plots (Figure 2F).

were not

there was a disproportionately

per week were kept

the mean
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Table 2:

11 K aN g y ee n r eo n g e

Sprayed UnsprayedUnsprayedSprayed
1994SR
M.pers icae 44.512.5 15.7+1.1
M.euphorbiae 1 . l±0.60.510.1
A.nusturtii 20.2±6.43.6±1.2
A.gossypii 6.1±1 . 12.511.0
A.so 1 ani 0.610.1 3.0±0.8
1995LR
M.pers icae 2.310.8 37.5+2.357.412.7 52.9+3.0
M. euphorbiae 0.510.4 0.910.3 6.311.4 31.412.3
A.nusturtii 3.911.0 7.411.2 0.010.0 0.010.0
A.gossypii 5.211.4 11.Oil .4 0.010.0 0.010.0
A.so 1 ani 0.410.2 0.610.3 1.310.6 7.311.3

Aphid 
species

Relative occurrence (%) of potato infesting aphid 
species from dimethoate sprayed and unsprayed 
potato plants at Namulonge during the 1994 short 
rains (SR) and at Namulonge and Kalengyere 
during the 1995 long rains (LR).

a m u
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and population developmentAphid incidence3.3.3 on

The percentage of aphid infested plants and population
field cond i t ionsbui1d-up under

dimethoate are presentedeither unsprayed or sprayed with
from these figures,is apparentin Figures and 4.3 11

popu1 at ion deve1opmentvar iet ies , aphidinthat, most
inf estat ionof aphidfoil owed the potatoonprogress

plants.

aphid infestation SolanurnBui Id-up of3.3 . 3 . 1 sevenon
potato varieties

The spread of aphid infestation dimethoate
sprayed and unsprayed Solatium potato varieties is presented
in Figure 3. during the the proportionAt NAARI, 1994SR,
of aphid infested plants was higher in the first two weeks
of samp ling unsprayed var iet ies than thepotatoon on
sprayed ones. the third week, infestat ionI n on sprayed
Rutuku and Kabale exceeded that in unsprayed controls. By
the fifth week, however, the 1 eve 1 of inf estat ion in all
sprayed potato had exceeded that in unsprayed plots (Figure
3) . all varieties,For the percentage of aphid infested

fourth week of sampling. t he fifth week, inf estat ionI n
decl ined unsprayed while i t sprayedsteadilyon rose on
potato although no variety reached peak infestation.

seven Solarium potato varieties

plants on unsprayed potato increased from the first to the

on seven potato varieties

on seven
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infestation Namulongeaphidthe 1995LR, atIn was

higher on unsprayed than sprayed potato varieties between
Although aphidof samp ling.first fifth weekst he and
lower than insprayed potato varieties wasinf estat ion on
study period.t hes t ead i1yitunsprayed overroseones ,

unsprayedinfestationof1 eve 1increase in theThe on
fourth weeks oft he first andsharp betweenpotatoes was

crashed.aphid infestationfifth week,samp ling. theI n
the trend of infestation was similar toBy the sixth week,

what was observed during the 1994SR being higher in sprayed
dur inginfestationthan unsprayed potato. The greatest

variet iesrecorded thethis Namulongeat was onseason
382171.4, Victoria and Sangema (Figure 3).

infestationKa1engyere, during the 1995LR,At was
higher in unsprayed than in sprayed plots as expected. By
the first week of sampling, infestation was evident on all
unsprayed potato except Rutuku, and381403.1 Sangemaon
(Figure 3). The progress of infestation these varietieson
was unstable between the first and fifth weeks of sampling.

the sixthFrom week of samp ling, however, t he rise in
infestation was similar that in rest of unsprayedtheto
potato varieties. By the seventh week, than 75% ofmore
the plants infested by aphids,
and by the ninth week all plants of the varieties 381403.1
and Sangema inf ested. the of theOn potatorestwere
variet ies, infestation ranged between and 98% by t he90
ninth week.

in unsprayed potatoes were
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dimethoateKa 1 engyere,sprayed atpotatoesI n

itand keptinfestat ion ateffectively controlled aphid
the weeks of sampling, exceptin all10%1 eve 1s below on

exceeded 10%on 1 yinfestat ionwhere381403. 1K i soro and
during the seventh week of sampling (Figure 3).

Aphid population development on potato3.3.3.2

seven sprayedt henumber of aphids per plantThe on
and unsprayed Solatium potato varieties at Namulonge during

and at Kalengyere during the 1995 longthe 1994SR, 1995LR,
presented in Figure 4.

of therains 1994 ,during the shortNamu1onge,At
thein al 1of aphids plant 1 ownumber potatowasper

varieties with or without insecticide treatment between the
first and fourth weeks of sampling (Figure 4). On Rutuku,
Kisoro, Kabale and Victoria, however, the density of aphids

theh i gher sprayed than unsprayed potatoes. Onwas on
other var iet ies, the number of aphids per plant was either

or the aphidhigher on unsprayed potato than sprayed ones
population density increased at the same rate. In the fifth

sixth week, the number of al 1aphids plantor per on
sprayed varieties increased tremendously and exceeded those

the highest aphidon unsprayed plots. By the ninth week,
dens i ty recorded andsprayed Kaba 1e382171.4,was on

infestedlate maturing varieties.381403.1, all The least
variety was Rutuku although it is one of the late maturing

Aphid population densities on Kisoro, Victoria,variet ies.

j

rains are
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lower than on other varieties and hadand Sangema were a

in aphid population growth t he studytrends imi1 ar over
early-mediumperiod (Figure 4). these varietiesAl 1 are

aphid populationt hematuring. unsprayed potatoes,On
sampling steadily declineddensity from the sixth week of

the population density was low onby the ninth week,and,
t he var i e t i es.al 1

the number of aphidsDuring the 1995LR at Namulonge,

only between the first and fourth weeks of sampling. In the
fifth week, there popu1 at ion crash unsprayedwas a on
potato, but on sprayed potato, aphid populations continued
to build up and exceeded that on unsprayed potatoes by the
sixth week. The trend s imi1 ar that obtainedto atwas
Namulonge in the 1994SR. In the 1995LR, unsprayed Rutuku,
382171.4, Victoria and Sangema had more aphids per plant
t han other var i e t i es. The 1 owes t aphid popu1 at ion was
recorded on 381403.1. On sprayed potato, aphid densities

Victoria and Sangema.
At Ka1engyere, during the 1995LR, the difference in

aphid numbers between sprayed and unsprayed potato was
significant for all the potato varieties (Figure 4). On
d ime t hoat e treated var i e t ies,potatoes, suchsome as
Rutuku, Victoria and 381403.1, were infested by aphids but
this occurred late in the On the whole, dimethoateseason.
effectively prevented aphid deve1opmentpopu1 at i on on
sprayed potatoes on all varieties, since there were

were highest on Kisoro,

lower on sprayed than unsprayed potato butper plant was
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varietiesofsprayed plotsrecorded mos taph ids onno

during most of the weeks of sampling.
ofnumbertheKa1engyere,On unsprayed potatoes at

low between the first and fifth weeksaphids per plant was
From the sixth week,of samp ling.

The highestthe variet ies.al 1in aphid populations on
aphid population was recorded

Aphid population growth on382171.4.the 1 owes t was on
381403.1 and Sangema,Victoria,

s imi1 arshowed amedium maturing varieties except Kabale,
in aphid population onThe on-set oftrend.

ofthird weekssecondvar iet ies in t hethese orwas
de 1ayedsamp 1ing. Aphid population development, however,

andRutuku,late maturing varieties, such as 382171.4,on
aphidrise inthese variet ies, sharp381403.1. On a

population growth occurred during the fifth and sixth weeks
of sampling (Figure 4).

For all the potato varieties used in this study, there
seemed to be limited resist ance aphid attack a 1 thoughto
there de 1ayed aphid es tab1i shment maturinglatewas on
varieties compared to early-medium maturing ones. However ,
towards plant matur i ty, all var iet iesthe potato were
heavily infested especially at Kalengyere where dimethoate
did not have differential effects on various potato aphid
species.

a steady rise

on Rutuku and Sangema while

a sharp rise

Kisoro, Kabale,

there was

all early-
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Relationship between aphid trap catches of potato3.3.4
infesting aphids and potato crop infestation by­

aphids

number of aphidstotalThe relationships between the
both Namulongein traps andcaught potato

and Kalengyere by aphids were not consistent (Table 3). At
Namulonge during the 1994SR, correlations between the total
number of winged potato-infesting aphids caught in aphid

the number of alates and aptarae collected fromtraps and,
plant andnumber of aphidspotato plants, percentageper

aphid infested plants indicated
relationships in both unsprayed and sprayed potatoes
(Table 3).

Namu1onge duringunsprayed theAt potatoon grown
1995LR, there were significant relationships between total

number of aphids ( r =plant 0.017)0.85, andPper
percentage aphid infested plants (r = 0.87, P = 0.016) but
not with the number of alates (r = P = 0.398)0.42,
(Table 3).

Kalengyere during theAt 1995LR, aphidtotal trap
significantly correlated with, the number of

aptarae (r = 0.73, = 0.021),P percentage aphid infested
plants (r = 0.77, P = 0.014), total aphids per plant

the number of alate aphids
on unsprayed potatoes (Table 3).

dimethoateOn duringsprayed Numu1ongepotatoes at
1995LR, s igni f icant (P = 0.05) re lat ionship

no significant (P = 0.05)

catches was

there was no

(r = 0.63, P = 0.062)

trap catches and, number of aptarae (r = 0.85, P = 0.023),

infestation at

(r = 0.72, P = 0.027) but not
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number of a 1 at es andand,between total catchestrap

ofper plant, andaphidsof percentagenumberaptarae,
(Tab 1e 3 ) . In sprayedinfested by aphidspotato plants

total aphid trap catches was onlypotatoes at Kalengyere,
aph i d inf estedwithsignificantly correlated percentage

3) .(Tab 1e A11 hough= 0.008)(r =plants 0.80, P no
discernedcou 1 d berelat ionshipspart i cu1 ar trend in

infestat ionandbetween aphid catches potatotrap crop
poo 1ed1 ocat ions in boththeparameters at two seasons,

the absence of human intervent ion,data indicated that in
the percentage of aphid s ign i f i cant lyinfested plants was
corre1ated (r = P = 0.029) with the number of alate0.45,
aphids caught in traps (Table 3).

Direct aphid counts from potato plants indicated that
at Namulonge, during the 1994SR, percentage aphid infested
plants in unsprayed potato was significantly correlated
(r = = 0.05) ) with the number of aptarae aphids0.75, P
(Tab 1e 4) . t heI n 1995LR, the of plantspercentage
inf ested by aphids unsprayed alsopotatoeson was
s i gn i f i cant 1y (r =corre1ated 0.01 )0.96, with the
number of aptarae aphids (Table 4).

In unsprayed Ka1engyere, during thepotatoes at
1995LR, percentage aphid infested plants was significantly
correlated with both alate (r = 0.91, P = 0.01) and aptarae
aphids (r = 0.89, P = 0.01 ) (Table 4).

the ofpercentage plants infested by aph idspotato was
significantly correlated with the number of aptarae aphids

In sprayed potatoes at Namulonge during both seasons,

P <
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in 1994SR and in 1995LR, 94,(r = 0.91 , P < 0.01
P = 0.01) but not the number of alates in both seasons (Table

aphidsprayed potatoes,4) . Ka1engyere in percentageAt
Pinfested plants was

significantly (P =0.05) with the number of alates but not

(Tab 1e 4) .
The graphical representation of the above relationships

The correlation between the percentageare given in Figure 5.
the number ofpotato plants infested by aphids and aptarae

aphids at Namulonge during the 1994 short rains, were given by
the equations, Y = 9.2 + 0.64X,

(r2 =potatoes in unsprayed plots and Y = 19.7 + 0.15X, 0.826,
P = 0.05) for sprayed potatoes (Figure 5A).

At Namulonge, in the 1995 long rains, funct ion forthe

0.01)Y 0.914, for unsprayedP <

it 1.25X,was Y
P = 0.01) (Figure 5B).0.882,

Ka1engyere,At the other hand, plantspotatoon
inf estat ion by aphids funct ion of aphids foralateas a

P = 0.01) infestation
was given by equation Y = 1.7 + 3.IX, P = 0.05)= 0.677,
(Figure 5C). These relationships indicate that at Namulonge,
a higher number of aptarae aphids in a potato crop resulted in

potatoes while for sprayed potato, 
(r2 =

and for sprayed potatoes, 
(r2

percentage aphid infested plants was given by the equation; 
(r2

(r2

0.05) correlated with the number of aptarae aphids (r = 0.32)

r = 0.

significantly correlated (r = 0.82,

= 0.566, P = 0.05) for the

23.0 + 0.73X,

17.3 +

unsprayed potatoes was given by the equation Y = 30.8 + 2.16X 
(r2 = 0.826,
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great infestation by aphids while at Kalengyere a high number
of alates aphids led to a high proportion of plants getting

infested by aphids.

3.4 DISCUSSION

The results obtained during this study showed that there
ofabundanceandi n potatovar i at i ons the occurrenceare

infesting aphid species between seasons in both Kalengyere and
in the longintenseAphid infestation wasNamu1onge. more

rains at Namulonge and,in the short greater atrains than
Differences were also observedKalengyere than at Namulonge.
infest ing aphid speciesin react ion ofthe topotato

dimethoate.
Aphid flight activity monitored above t he potato crop

us ing yellow showed that t heNamulonge,water traps at
predominant aphid species was A. gossypii while at Kalengyere
the main species was M. euphorbiae. The high abundance of A.

gossypii from traps at Namulonge could have been due theto
cotton crop which was adjacent to where the experiment was set
or there is a naturally high population of this aphid species

Namu1onge.at Ka1engyere,At the high incidence of M.

euphorbiae caught in traps could be due to this species being
abundant in the environment, a 1 though itmore was poora

coloniser of Solanum potato. The two aphid species were,
however, not the most abundant on the potato crop. Samples of



55
aphids collected from potato plants revealed that M. persicae

aphid species bothabundantthe potato atmost onwas

Kalengyere and Namulonge.
di f ferentaphid infestat ionEva 1uat i on of potatoon
aphid popu1 at ionvarieties infestation andshowed that

development set in earlier in early-medium maturing than late
tendency for aphidmaturing potato varieties. There was a

fifthinfestation in potato increase sharply between theto
and sixth weeks after plant emergence in sprayed potatoes at

Towards potatoNamulonge and unsprayed potato at Kalengyere.
maturity, however, all var ie t i es heavilyt he potato were
infested by aphids. indicated that a 11 varieties usedThis
were susceptible to aphid infestation, and therefore needed to
be protected with regular insecticide sprays.

In unsprayed potato at Namulonge, infestation tended to
decline between the fifth and sixth week of sampling. By the
ninth week, infestation was at a minimum in unsprayed potato
but maximum in sprayed varieties. The decline in aphid
infestation in the fifth week in unsprayed potato at Namulonge
could have been due to setting-in critical densities of aphids
and aphid disease epizootics which caused the aphid population
to collapse.

In sprayed potatoes at Namulonge, the sharp increase in
aphid density and plant infestation in the sixth week cou 1 d
have been due the failureto of dimethoate cont ro1to M.

persicae. i s11 poss ib1e that M. persicae has developed

!
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resist anceresistance to dimethoate since reports of its to

Devonsh i re,(Furk, 1989;1986;organophosphates commonare
the effectiveness of1993 ) . Alternatively,al. ,

insecticide could have been reduced by environmentalthis or

plant growth factors unique to the this area (Broadbent, 1957;

1989; Atiri and Jimoh, 1990).Devonsh i re ,
cont rolied al 1effectivelyd imethoateKa1engyere,At

aph i ddifferentialspecies.potato-infesting aphid No
unsprayedsprayedi nspecies’ observed orwasoccurrence

euphorbiae andpersicae, A.only M. M.potato. However,
solan! were collected from potato plants although trap catches
indicated the presence of other potato-infesting aphid species

minimum infestation was observedAs expected,
in sprayed potato and maximum in the unsprayed plots. The on-

1 i keset of a sharp rise in infestation in unsprayed potatoes,
fifth sixth ofNamu1onge, between the and weeksat was

samp 1ing but , unlike Namu1onge, there popu1 at i onwas no
decline on unsprayed potato in the sixth week of sampling.

The of heavy aphid infestation coincided withonset
potato flowering and tuberisat ion. Differences in the on-set
of high aphid infestation between early and late maturing
varieties was probably due to the different varieties reaching
their prime stages of growth at different times. The heavy
aphid infestation at this stage could have been related to two
main factors; (i) the aphids may have established
population density that was not suppressed by natural external

a minimum

Quaglia et

at this site.



57

(i i) thein the presence of adequate food supply;processes
nutritious to aphids (Beukema

and van der Zaag, 1990) and were therefore suitable for rapid
cou 1 d haveof factorsBoth theseaph i d multiplicat ion.

contributed to a rapid aphid population build-up towards plant

maturity.
The level of plant infestation by aphids at Namulonge was

aphidthea 1 thoughh i ghe r t han t he 1994SR,in the 1995LR
s imi1 ar i n bothpopu1 at ion dens i t ies to extentwere an

1994SR, the aphidsin theseasons.
theref orei n anddispersed than the 1995LR morewere more

plants were infested. A comparison of data for Kalengyere and
Namulonge showed that, in the absence of externa 1 pressure,
infestation of potato by aphids is higher at Kalengyere than
at Namulonge. The difference in the levels of infestation in
sprayed and unsprayed potato at Namulonge and Kalengyere means
that different strategies have to be adopted for controlling
aphids in potato. Thus ,
occurrence of alate potato aphids at Namulonge implies that

low pressure of aphid-borne Solanum

potato viruses.
Ka1engyere,At inf estat ion by aphidspotato was

correlated with the number of alate aphids collected from both
sprayed and unsprayed potatoes, although aptarae aphids also
had a significant input to infestation in unsprayed potatoes.
The dependence of the level of infestation by aphids in a crop

this area probably has a

plants at this stage were more

the low aphid pressure and the rare

This probably means that,
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t he of alates aphids was also reported by Oonyunumberon

( 1992) of a significant correlationThe absence

be tween plants ofaphid infested and number apt arae at
d imethoateKalengyere in sprayed potatoes means that spray

completely prevented establishment of aphid population in the
in the insecticide treated plots.

aphid infestation in field grown potato atIn contrast,
Namulonge was a function of aptarae aphid population. Thus ,

both Namu1onge 1 eve 1 ofand Ka1engyere, t heat potato
infestation f romaphids apprec i ab1y predictedby becan
aptarae aphid counts monitored from potato plants than yellow
water aphid traps.
both and plants had s ign i f i cant inputtraps thetoa
proportion of plants infested by aphids. absence ofIn the
human (non-spray)intervat ion data for t he locat ionstwo
revealed that total trap catches influenced percentage aphid
infested. This attributed the random landing ofto
alate aphids, and their redistribution and reproduction after
crop colonisation (van Emden et al. , 1969; Heathcote, 1972) in
the absence of external pressure.

can be

on beans.

At Kalengyere, however, alate aphids from
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4CHAPTER
I

SPRAYINSECTICIDESYSTEMICWEEKLYOFEFFECTIVENESS
THE INFECTION OF SOLANUM POTATO WITH APHID-BORNEAGAINST

VIRUSES

4.1 INTRODUCTION

Aphids are the main natural vectors of most plant viruses
viruses isspread of aphid-borne1982) ,(Hooker, and the

related to the size of aphid populations (Raman, 1985). Aphids
will spread viral diseases either if they are virus infected

or if non-viruliferous individualsand feed on a healthy host,
1988). In allboth (Jayasinghe,feed on

will beinfection withinof virusthe scale a cropcases,
i nc reased.

The principle sources of virus infection in a virus-free
crop are insect vectors. However, the presence of plants with

crop plant hosts of
both the aphid and viruses greatly ofincreases the chance
virus spread (Auclair, 1989; 1989). ifHarrewij n, Thus , a
field is initially planted with virus-free seed potato, virus
infection will be introduced in it by infective alate aphids.
On the other hand, if alate aphids are virus-free and if they
invade a field with some few virus infected plants, they will
spread infection to formerly healthy plants.

secondary infection or alternate weed or

infected hosts or
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Potato plants which are fed on by virus infected aphids

late in the season may not show viral infection symptoms in
(Knutson and Bishop,the current season

test seed potato tuberstherefore,is need,1980). There to
for virus latent infection before they are planted next season
otherwise they are likely to be a source of infection to other

healthy potato crops (Mih et al., 1993).

1988). TheJayasinghe,(Raman, 1985;potato cropsware
presence of aphids, even if they were virus-free, will greatly

latentlyf ewhadifspreadfaci1itate virus somecropa
In a crop obtained from healthy seed,infected seed tubers.

the strategy is to reduce the number of virus vectors within
the crop (Gibson and Rice, 1989). This can be achieved by use

Secondly, aphicidesof aphicides, especially systemic ones.
wouldwill aphid population development whichprevent

otherwise facilitate further virus spread (Schepers, 1972). If
systemic insect icides combined with initial virus-freeare
seed stocks,
reduced or completely eliminated.

One of the aphicides that has been used to thecurtail
spread of aphid-borne viruses in Solatium potato is dimethoate
(Kibata, 1982; Raman and Radcliffe, 1992). This insecticide
is reported have bothto systemicand propertiescontact
(Matthews, 1984). It has also been shown to reduce the number

virus spread by aphids in a

In certified seed, the number of infection sources may be

potato crop can be

low or absent, especially where seed plots are isolated from

1964; Clarke et al.,
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probes by Myzus persicae (Sulz.) and Aphisof short trial
fabae (Scop.) on various hosts (Gibson and Rice, 1989). These

ofchancesthereduceprobablydimethoateofattributes
and completelynon-persistent viruses stopoftransmission

infection of potato with persistently transmitted viruses.
theundertakenthis regard, study was toIn assessa

insect icide) in(a systemiceffectiveness of dimethoate
inreducing the spread of aphid-borne virusespreventing or

Attentionseed potato tubers.virus-indexed certified was
potato virus Y (PVY)paid to potato leaf roll virus (PLRV),

Potato virusand potato virus S (PVS) which are aphid-borne.
X (PVX) which is only transmitted by contact was also included

varietiesbecause in Solatiumits potatopresence some
increases their susceptibility to infection by other potato
viruses especially potato leaf roll virus.

4.2 MATERIALS AND METHODS

This study formed part of the same field studies reported
in Chapter 3 . The Solatium varieties andpotatosame
experimental plots that were used in studies for potato aphid
infestation also used theassessment towere assess
effectiveness of dimethoate at preventing infection of field
grown Solatium potato with aphid-borne viruses. The study was
conducted Namulonge Agriculturalat and Animal Production
Research Institute (NAARI) during the 1994 short rains (SR)
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and at both NAARI and Kalengyere Research Station (KRS) in the $
1995 long rains (LR).

Seed-borne potato virus latent infection indexing4.2.1
before planting

theirBefore planting the seed potatoes in each season,
mediumestablished. Tenfirstvirus infection status was

sized (100-120 g) seed tubers from each of the seven potato

and Sangema, that were used in the studies reported in Chapter
(7:3:1sprout using Rinditeand induced to3 selectedwere

parts of; ethylene chlrohydrin, ethylene dichloride and carbon
(Burton, 1966) . weeksrespectively) Threetetrachloride,

tubers hadrindite, all the seedafter withtreatment
sprouted. The tubers numbered and from each tuber awere
sprout together with part of the tuber flesh from the heel end

scooped and in polythene bagsnumberedout putwas
corresponding to the number the tuberstuber. Theon were
then indexed for latent infection with potato leaf roll virus
(PLRV), potato virus Y (PVY) , potato virus X (PVX) and potato

( PVS )virus S using the Direct Double Antibody Sandwich
Immunosorbent Assay (DAS-ELISA) as described by Converse and
Martin (1993).

The virus antigen-antibody reaction for each of the above
viruses detected using the respective ant ibodiesviruswas

varieties; Rutuku, 382171.4, Kisoro, Kabale, Victoria^381403.1
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The enzyme substrate usedconjugated to a phosphatase enzyme.

10%9.8 inadjusted pHphosphateP-nitrophenyl towas
diethanolamine stock solution (Converse and Martin, 1993). The

virusfor eachreactionantigen-antibodyrespective was
readerplatePlus ELISAMultiskanusing thequant if ied

The(Version 2.03) through a 405 nm wavelength light filter.
inf ected andpositive-negative threshold (cut-off value for

thehealthy samples respectively) for each virus atsetwas

absorbance value of ten healthy (control) samples plusmean
Flanders1986;three standard deviations (Satula et al., et

Any sample whose absorbance value greateral., 1990). was
than the threshold value for a particular virus was declared

The mean absorbance valuesinfected with that virus.to be
for seed potato of each variety in both seasons of acquiring
seed from Kalengyere were worked out and tabulated.

Virus incidence and severity in field grown Solarium4.2.2
potatoes

theFrom varieties subj ected thepotato toseven
insecticide spray treatment as reported in Chapter 3, Section
3.2.2, two fully expanded apical leaflets (Flanders et al.,
1990) were picked from each of the plants in the middle two
rows per plot, at 75 days after planting (DAP) and bulked.

The composite numberedcollected in
polythene bags corresponding to the field plots. The samples

leaf samples were
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presence oftaken to the laboratory and tested for thewere

PVX and PVS using DAS-ELISA protocol as describedPLRV, PVY,
ant igen-ant ibodyvirus(1993). Theand Martinby Converse

(VersionPlusMuit iskanquantified usingreact ions awere
Virus2.03) ELISA plate reader at a wave-length of 405 nm.

thethatprinciplethequant if icat ioninfect ion was on
ant igen-ant ibodyof virustheyellow colourintensity of

the virus antigen concentrationreaction is proportional to
(Salazar, 1983; Converse and Martin, 1993), and therefore, to

negative-positiveinfection. Thevirusseverity ofthe
respectively,infected samples,thresholds for healthy and

the mean absorbance of ten healthy controls plusset atwere
Differences betweenthree standard deviations. treatments

tested using ANOVA and the means were compared using thewere
(LSD) the appropriateLeast Significant Difference test at

alpha level.

4.2.3 Effect of dimethoate the performance ofspray on
field grown Solatium potato

The potato varieties that were used for the assessment of
aphid infestation (Section 3.2.2) and virus infection were
also used to the effect of dimethoate theassess onspray
field performance of thereceivingcurrent potatoseason
insect icide treatment. The differences within infection
aphid-borne viruses, and fresh tuber yield due to variety and

i
s
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1oftested using ANOVA. Meansinsecticide treatments, were

appropriate alpha(LSD)Significant Difference test at an

Fresh potato tuber yield (MT halevel.
oflevelswith theindividually correlatedvarieties were

infection where applicable.virus

4.3 RESULTS

Seed potato tubers latent virus infection indexing4.3.1
before planting

fromobtainedseed tubersindexing ofV i rus potato
Kalengyere during the 1994SR and 1995LR and tested for virus
latent infection before they were planted in the same seasons

all theeither Namulonge Kalengyere indicated thatat or
varieties were free from potato leaf roll virus (PLRV), potato
virus Y (PVY) and potato virus S (PVS), their mean absorbance
values being less than the negative-positive thresholds for
the respective viruses (Table 5). All the virusespotato

aphid-borne although the latter can also be
spread by contact (Hooker, 1981; 1982). Seed tubers used in
this study were therefore free from these viruses at planting.

Three cultivars; Rutuku, Kabale and Sangema obtained from
Kalengyere in both seasons were latently infected with potato

(PVX),virus X their mean Multiskan absorbance values were

significantly different factors were compared using the Least

"') of different potato

named above are
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greater than the negative-positive threshold for PVX in both 1
of(Table 5). theInof theseed twosets caseseasons

Kalengyere during thef romobtainedexample,Rutuku, for
1994SR its mean absorbance value for PVX was 0.520 which is

greater than the threshold value (0.143) for PVX for this
The mean absorbance value for Rutuku seedpotato seed set.

also a higher than that oftubers in the 1995LR (0.255) was
Rutuku therefore, was more infected with PVXSangema (0.190).

In the 1994SR, among the seed tubersthan Sangema (Table 6).
ofhighesthad theRutuku rateobtained from Kalengyere,

(100%) while Kabale had the least (10%)infection with PVX
In the 1995LR, seed tuber indexing indicated that(Table 6).

Rutuku, and 10% of90% of the seed samples of Sangema, 70% of
Kabale were latently infected with PVX (Table 6). So the seed
tubers of varieties obtained from Kalengyeresome were
infected with PVX but at different levels.

4.3.2 Virus incidence and severity on field grown potatoes

Virus indexing, at 75 days after planting, of potatoes
Namulonge during the 1994SRat and subjected thetogrown

insect icide earlier described, indicatedsprays as no
significant (P = 0.05) differences in infection with potato
1 eaf roll virus, potato virus Y and virus Spotato among
varieties, and sprayed and unsprayed (Table 7).potatoes
However, significant (P = 0.05) differences among varieties
were observed for PVX infection (Table 7).
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Table 5:

Variety

(a) 1994SR
0.187±0.060.520±0.020.115±0.00O.2O7±O.O1Rutuku
0.178±0.000.124+0.050.118 + 0.010.205±0.023821 71 . 4
0.176±0.010.122 + 0.000.122±0.010.201±0.00Kisoro
0.181±0.010.195±0.080.118±0.00O.2O7±O.O1Kabale
0.158±0.000.111±0.000.118±0.000.190±0.02Victoria
0.174+0.010.116±0.070.119±0.000.201±0.01381403.1
0.184±0.01O.531±O.O10.117±0.010.204±0.01Sangema
0.2030.1430.1330.225

(b) 1995LR
0.070±0.010.255±0.050.089±0.01 0.089±0.01Rutuku
0.071±0.01382171.4 0.084±0.01 0.084±0.01 0.079±0.01
O.O73+O.O10.091±0.00 0.091±0.00 0.076±0.01Kisoro

Kabale 0.087±0.010.082±0.01 0.082±0.01 0.107±0.02
Victoria 0.078+0.01 0.067±0.010.078±0.01 0.070±0.01
381403.1 0.085±0.01 O.O75±O.O10.085±0.01 0.072+0.01

0.077±0.01 0.062±0.01Sangema O.O72±O.O1 0.190±0.02
0.154 0.160 0.1260.117

a Mean of ten tubers per variety.
b

Potato 
leaf roll 
virus 
(PLRV)

Potato 
virus Y 
( PVY)

Potato 
virus X 
(PVX)

Potato 
virus S 
( PVS )

Cut-off values for positive (infected) and negative 
(healthy) samples which are means of 10 healthy samples 
plus 3 standard deviations for each virus in each seed set 
in the two seasons.

Threshold*1

Threshold*1

Mean3 Multiskan Plus values (Relative virus antigen 
titre) for virus indexing of seed potato tubers 
before planting for latent virus infection of seven 
Solanum potato varieties obtained from Kalengyere 
in the 1994 short rains (SR) and planted at 
Namulonge during the 1994SR and seed tubers 
obtained from Kalengyere and planted at both 
Kalengyere and Namulonge in the 1 995 long rains 
(LR) .
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Table 6:

Percentage Potato virus X infectionVariety
1995LR1 994SR
70.0100.0Rutuku
0.00.0382171.4
0.00.0Kisoro
10.020.0Kabale
0.00.0Victoria
0.0381403.1 0.0

90.080.0Sangema

a Each sample per variety consisted of ten tubers.

Percentage of seed tubers per variety obtained from 
Kalengyere in the 1994 short rains (SR) and the 
1995 long rains (LR) latently infected with potato 
virus X in seven Solanuni potato varieties3.



69

Table 7:

Df

0.0020.004Replicat ion 2 0.003
Spray (A) 1 0.002

0.0032Error
Variety (B) 0.0016

0.0030.0036AB
0.0004 0.00224Error

C.V. (%) 7.62 6.20 19.01 8.15

tt significant at P = 0.01

Source of 
variation

Potato 
Leaf roll 
virus

Potato 
virus Y

Potato 
virus X

Potato 
virus S

2x1O’48x10’5

0.222

1x10’5

3x1O’4

2x10’5

4x1O'4

1x10’4

5x1O’4

0.002
3x1O’4

Mean squares from ANOVA tables of Multiskan Plus 
ELISA plate reader values for four viral infections 
in seven Solanum potato varieties under two 
insecticide spray treatments at Namulonge Research 
Station during the short rains of 1994.

0.001
5x1O’4
0.189**
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significant differencesAt Kalengyere in the 1995LR, no
insecticideunsprayedsprayed andbetweenobservedwere

Asfor PLRV,and among varieties,treatments,
in Namulonge in the 1994SR, significant (P - 0.01) differences

observed among varieties for PVX infection (Table 8).were
0.05)significant (P =the 1995LR,At Namulonge in no

observed for all
thelike inviruses under study (Table 9) but,the potato

1994SR, highly significant differences were observed among the
seed potato produced atinfection. When

thisagainplanted1 994SR atNamulonge during the were
location during the 1995LR, significant differences (P = 0.05)

at Namulonge and those freshly obtained from Kalengyere for
PLRV infection (Table 9). Significant differences were also

(P = 0.01), seedobserved in PVX
tuber generation (P = 0.01), and variety by seed generation
interactions were also significant (P = 0.01). No significant
(P = 0.05) differences were observed among varieties, spray
treatments nor were, spray by variety interactions significant
for both PVY and PVS infection (Table 9).

Virus testing of composite leaf samples from each plot
showed that Namulonge inat the 1994SR, all the potato
varieties irrespective of the insecticide treatment were
infected with PLRV (Table 10). During the 1995LR, the same

I

were observed among varieties and between seed tuber produced

infection among varieties

effects between insecticide treatments was

PVY, and PVS.

varieties for PVX
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Table 8:

Df

0.000010.00010.0010.000012Replicat ion

0.00010.0010.000010.00051
0.000040.000050.00032Error
0.0060.001(B) 0.0016Variety
0.000710.0080.00020.0016AB
0.000090.0080.0010.00124Error
34.235.0 41 . 2(%) 36.6C.V.

it Significant at (P = 0.01)

Source of 
variation

Potato leaf 
roll virus 
(PLRV)

Potato 
virus Y 
(PVY)

Potato 
virus X 
(PVX)

Potato 
virus S 
( PVS )

Mean square values from Multiskan Plus ELISA plate 
reader values for virus screening of seven potato 
varieties at Kalengyere Research Station during the 
1995 long rains.

Insecticide 
Spray (A)

0.005
0.098**
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Table 9:

Df

0.0030.0300.045 0.001Replicat ion 2
Spray (A) 0.0010.039 0.002 0.0051

0.0010.0022Error
(B) 0.001Variety 6 0.001

0.0036 0.001AB
0.010 0.0031

1 0.009 0.0005 0.0001AC
6 0.029BC 0.001 0.0001

ABC 6 0.017 0.001 0.002 0.001
52Error 0.016 0.001 0.006 0.001

C. V. 21 . 6 26.4 32.60 20.3

t it (P 0.05) (P 0.01 ) ,andatand Significant 
respect ively.

Source of 
variation

Potato 
leaf 
roll 
virus

Potato 
virus Y

Potato 
virus X

Potato 
virus S

Generation 
(C)

0.009
0.129**

0.016
0.024**

0.006
0.115*

0.009
0.017*

0.008
0.1 34**

Mean square values of Multiskan Plus ELISA plate 
reader values for virus screening of seven Solanum 
potato varieties: Seed tubers obtained from 
Kalengyere and grown at Namulonge in the 1994 short 
rains (SR), progeny of 1994 short rains (SR) at 
Namulonge in 1995 long rains (LR) and materials 
freshly obtained from Kalengyere in 1995LR and 
grown at Namulonge during the 1995LR.

rains
and i
in 1995LR
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trend of potato infection with PLRV, PVY and PVS as for 1994SR 1
weekly10). this(Table In context,obtainedalsowere

spread of PLRVthe atfailed to preventdimethoate spray

Namulonge in both seasons.
At Kalengyere, all potato varieties were free from PLRV,

PVY, and PVS whether they were sprayed with dimethoate or not
Rutuku,conf inedin Namulonge, PVX to(Table 10). As was

Kabale and Sangema whose seed was latently infected with this
cult ivarthis siteal thoughduring both atvirus seasons

382171.4 got infected by this virus during field growth in the

1995LR (Table 10).

Potato leaf roll virus infection severity in field4.3.2. 1
grown Solanum potato

Comparison of for plate absorbancevalues ELISAmean
readings revealed that in the 1994SR at Namulonge, Victoria
had the highest PLRV antigen concentration while Kisoro had
the least (Table 11). The 1994SR seed potato progeny grown in
1995LR at Namulonge showed that the PLRV antigen titre had
increased.

There was higher PLRV antigen concentration in 381403.1
than in other variety for seed producedpotatoes atany
Namulonge in the 1994SR in the
1995LR. The absorbance values of materials freshly obtained
from Kalengyere in the 1995LR and grown at Namulonge adjacent

and grown at the same site
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Table 10: ft

U n rs p rVariety PVSPVYPVSPVY

a

0.611
0.577 
0.610 
0.645 
0.586
0.675 
0.600

0.157 
0.141 
0.160
0.150
0.149 
0.160 
0.166
0.037
0.246

0.143
0.176
0.174
0.158
0.169
0.169
0.183
0.036
0.245

0.147
0.184

0.047
0.073
0.089
0.089
0.085
0.089
0.088

0.160
0.133
0.139
0.147
0.152
0.149
0.132
0.037
0.246

0.053
0.072
0.097
0.093
0.094
0.099
0.095

0.183
0.150
0.159
0.169
0.169
0.169
0^. 1.2.8.
0.036
0.245

0.061
0.070
0.126
0.115
0.106
0.109
0.132
0.016
0.144

0.578
0.461
0.569
0.614
0.611
0.595
0.577

1

0.258 
0.256 
0.237 
0.263
0.278
0.251 
0.256 
0.034 
0.178

0.139
0.128
0.126
0.132
0.126
0.126
0.127
0.015
0.147

0.074
0.056
0.091
0.094
0.080
0.093
0.077
0.041
0.105

0.212
0.201
0.195
0.205
0.198
0.202
0.192
0.037
0.235

0.071
0.051
0.134
0.137
0.121
0.123
0.110
0.016 
0.144

0.200
0.186
0.195
0.205
0.193
0.213
0.207
0.037
0.235

0.256
0.252
0.235
0.249
0.248
0.237
0.242
0.034
0.178

0.127
0.127
0.127
0.134
0.122
0.126
0.124
0.015
0.147

0.076
0.038
0.087
0.094
0.069
0.090
0.073

LSD (0.05) 0.053 0.041 0.016 0.053 0.041
Threshold3 0.103 0,105 0.144______ 0.103 0.105
Cut-off values for healthy and infected samples.

Mean Multiskan Plus values (Relative virus antigen 
concentrations) for Potato leaf roll virus (PLRV), Potato 
virus Y (PVY) and Potato virus S (PVS) infection in field 
grown Solanum potato 75 days after planting at Namulonge 
during the 1994 short rains and, at Namulonge and Kalengyere 
during the 1995 long rains.

PLRV
(a) Namulonge 1994 Short rains 
Rutuku 
382171.4 
Ki soro 
Kabale 
Victoria 
381403.1 
Sangema 
LSD (0.05) 
Threshold3
(b) Namulonge 1995 Long rains
Rutuku 
3821 71 . 4 
Kisoro 
Kabale 
Victoria 
381403.1 
Sangema 
LSD (0.05) 0.147
Threshold3 0.184
(c) Kalengyere 1995 Long rains 
Rutuku 
382171 . 4 
Kisoro 
Kabale 
Victoria 
381403.1 
Sangema

Mean absorbance values (Relative virus titre) 
Sprayed 
PLRV

a y e d
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hadin theseedthe 1994SR meanto seasonsameprogeny I

absorbance values close to that of seed generated at Namulonge
This probably indicates that PLRVin the 1994SR (Table 11).

infection was spread from the 1994SR progeny to the new crop

adjacent to it and whose seed, obtained from Kalengyere in the
initially free from potato leaf roll virus.1994SR, was

susceptible to PLRVAlthough all potato varieties were
in PLRV antigen titrethey showed differencesinfect ion, as

thusvalues,absorbanceMult iskandifferences inshown by
to multiply differently inindicating the ability of PLRV

1994SRin theexample, atvarieties.various Forpotato
andvalue,highest absorbancetheVictoria hadNamulonge,

seed stocksinfection. Withtherefore the highest PLRV
1995LR and grownfreshly obtained from Kalengyere in the at

Namulonge in the Sangema had the highest PLRVseason,same
infection while Rutuku had the least in (Table 11).

4.3.2.2 Incidence and severity of Potato virus X in field
grown Solanum potatoes

Evaluation of Solanum potato grown in the field in the
1 994SR 1995LRand at Namulonge, revealed that PVXseasons
infection confined to varieties whose seed tuberswas were
latently infected before planting except 382171.4 during the
1994SR (Table 12). It was also evident that PVX originated
from Kalengyere as earlier observed in seed tuber indexing
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Table 11: M

valuesabsorbanceMean
1995LR*Variety

Rutuku
382171.4
Kisoro
Kabale
Victoria
381403.1
Sangema
Threshold** 0.178 0.184 0.184

0.032 0.1470.147LSD
P-value 0.01 0.05 0.05

1,2,..7 Decreasing level of antigen concentration.

of 
in

0.500c

0.7463

0.667ab

0.647ab

0.5655

0.5O97
0.5255

O.2553

O.2466

O.2437

0.642ab 

0.529b 

0.653ab

0.2562
0.3581

0.2475

O.2534

0.5922 

0.55O4 

0.5246 

0.629'

Progeny 
1 994SR 
1995LR

1994 SR*

*Seeds freshly obtained from Kalengyere.
**Negative-positive threshold of infected and healthy samples.

Mean Multiskan values (levels of virus antigen 
concentration) for Potato leaf roll virus 
(PLRV) of seven Solanum potato varieties at 
Namulonge Research Station during 1994 short 
rains (SR) and 1995 long rains (LR).
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since varieties grown at Namulonge for the first Ih
cultivar382171.4. Thevirusthisinfect by exceptnot

382171.4 should have got infected in the field during growth.
1994SRinNamulongegenerated atWhen seed potatoes were

varietiesdetected in all1995LR,planted again in
infection could have beenPotato virus Xexcept Victoria.

1995LRspread during seed storage or at planting during the
since it is spread by contact.

The potato grown at Kalengyere in 1995LR behaved the same
1995LR.Namulonge in thefreshly introduced atthat

andRutuku, Kabale,only detected invirusPotato X was
Sangema which were formerly latently infected with this virus.
No variety other than those that
this virus got infected in the field during vegetative growth
at Kalengyere.

4.3.3: Effect of dimethoate spray on the field performance
of seven potato varieties

Summaries of analyses of variance of data on the effect
of applied systemic insecticide on the performance of Solanum

potato are presented in Tables 1 3 and 14. The insect icide
treatment did not significantly (P = 0.05) affect the field
performance of the varietiespotato both Namulonge andat
Kalengyere. However, the performance of the potato varieties
at both locations varied significantly (P = 0.01) for number

season were

way as

were latently infected with

PVX was
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Table 12:

Variety

0.554aRutuku
3821 71 . 4
Kisoro
Kabale
Victoria
381403.1

0.406a0.457a 0.297a0.487aSangema

0.2200.152 0.220 0.220

between varieties during the 1994SR = 0.072.
between varieties during the 1995LR = 0.120.

of
in

LSD0.05

LSD0.05

0.346ab 

0.068d 
0.1 36cd 
0.260bc 
0.170cd 
0.1 30cd

0.238c
0.302b

0.51 7a 
0.1 65b 
0.1 1 9b 
0.1 1 4b 
0.1 1 3b 
0.1 23b

O.295a 
0.180ab 
0.1 74b

Progeny 
1994SR
1995LR

0.242c 
0.141d 
0.163d

Threshold**

0.236a 
0.1 35b 
0.161b

Kalengyere 
1995LR

Means followed by same letters are not significantly 
different at (P = 0.01).

Potato virus X infection (relative virus antigen 
concentrations) in field grown Solanum potato at 
Namulonge during the 1994 short rains (SR) and at 
Namulonge and Kalengyere in the 1994 long rains 
(LR) .

*Seeds freshly obtained or grown at Kalengyere.
**Cut -off values for infected and healthy samples.

Namulonge 
1994SR

Namulonge
1995LR
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tubers plant per plant,of h

Namulonge for theWhen fresh at
1995LRfrom Namulonge in1994SR progeny1994SR, and of the

0.01 ) differences(Ps ignif icantanalysed, werewere
variety byand,varieties,obtained seasonseasonsamong

13). The(Tables igni f icantalsointeract ions were
differences observed between potato varieties were therefore

therather thanenvironmental factorsanddue genet icto
When potato yields at Namulonge ininsecticide treatments.

1994SR and at Kalengyere in 1995LR were compared, significant
varieties,( P = 0.01 ) observed amongdifferences were also

location and, variety by location interactions were again also
significant (Table 14).

A comparison among potato varieties for their mean fresh
-1tuber yield (MT ha’ ) at Namulonge in 1994SR and its progeny

in 1995LR showed yield decline of the cultivars in thea
(Tablesuccessive 15). The highest yield declineseason

occurred in Kabale while the least decline incv. was cv.
Sangema. In the short rains of 1994 at Namulonge, the highest
yielding variety Sangema, however, its yieldswas were
depressed by 66.4% when used again as seed at Namulonge in
the 1995LR. The least yield decline was in Kisoro although it

among the best yielding varieties in the 1994 short
rains (Table 15).

tuber yield (MT ha"')

was not

mean tuber weight (g) and fresh
tuber yield (MT ha’’).
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Table 13:

Df
(MT ha’1)

Replicat ions 2
Season (A) 2
Error 4 1 .04 54.57 6.49

1 1 .68 48.38 5.80

AB 2
(C)Variety 6

AC 1 2
BC 6 1 . 40 353.14 3.39
ABC 12 3.42 324.52 6.28
Error 78 3.61 351.88 6.79
C.V (%) 44.50 48.9 66.7

t it (P 0.05) (Pat and 0.01 ) ,

31 .68
25.89*

Source of 
variation

Spray (B) 
schedule

Mean tuber 
weight (g)

and “ Significant 
respectively.

Mean squares of yield and yield components of seven 
potato varieties at Namulonge Research Station 
during the short rains (SR) of 1994 and long rains 
(LR) of 1995.

27.86*

124.49
4329.39** 
1764.74**

864.66
19792.56**

1 .66
322.7**

No. of 
tubers 
plant’

0.76
83.08**
12.11**

1.71
120.1*
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Table 14:

Df

Replications 2 5.38
Location (A) 1 6.16

2.52 23.64Error 2 447.8
8.031 0.557 150.7

AB 1
Variety (C) 6
AC 6
BC 6 3.89 338.8 3.92
ABC 6 1 . 55 143.6 4.16
Error 52 2.49 396.0 6.38
C.V. (%) 21.85 19.39 23.90

* it (P 0.05) (Pat and 0.01 ) ,

Source of 
variation

Mean tuber 
weight (g)

and " Significant 
respectively.

Spray (B) 
schedule

Yield 
(MT ha’ )

0.348
20.86“
4.70*

5.59
48.19“
48.36“

Means squares for yield and yield components of 
seven Solanum potato varieties at Namulonge during 
the 1994 short rains and Kalengyere Research 
Station during the 1995 long rains.

2999.0
133385.0“

140.56
2835.75“

No. of 
tubers 
plant'

224.2
3548.2“
3062.1“
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VARIETY
88.00.4343.61Rutuku
92.50.4125.47382171.4
0.13.483.90Kisoro
99.80.004.85Kabale
73.51 .776.67Victoria
74.02.69 0.699381403.1
66.42.066.14Sangema

combined acrossData were seasons
LSD(0.05) between varieties = 3.00 for all the seasons.

i 
i

Progeny of 
1994SR in 
1995LR

Short rains 
of 1994 (SR*)

Table 15: Yield (MT ha' ) of seven Solanum potato varieties 
grown at Namulonge during the 1994 short rains (SR) 
and the progeny of 1994SR in the 1995 long rains 
(LR) .

Yield decline 
(Z): 1994SR 

to 1995LR

*Seed freshly obtained from Kalengyere research station.
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1994SR andtheNamulonge inpotato yields at atWhen

there was generally1995LR were compared,Kalengyere in the
16).than at Namulonge (Tablehigher yields at Kalengyere

Victoria and Sangema, which are early maturing varieties, had

the highest yields at Namulonge during the 1994SR (Table 16).

Low yields at the same site were registered by late maturing
381403.1 theKabale andRutuku, atvarieties such sameas

location (Table 16).
the highest yield was
and lowest yield was

The yields of Sangema, Victoria andfrom Sangema (Table 16).
early/mid-early varietiesmaturingKi soro which wereare

theexpected to have very small differences in yield. Also,

yields of Rutuku, Kabale, 382171.4 and 381403.1 (late maturing

varieties) butexpected to fall within thewere
this was not the case. Other factor(s) could have influenced
potato yields because cultivars hadsuch Sangemasome as
unexpectedly low yields Kalengyere compared otherat to
varieties in the same category (Table 16).

The potato yields seemed to be influenced by varietal
differences and infection (Tablewith 17),PVX which was
detected in some of the seed potatoes obtained from Kalengyere
during both the 1994SR and 1995LR, and probably PLRV infection
in field potatoes Namulonge. instanceat For thegrown
absorbance value of Sangema for infect ionPVX bothat
Kalengyere and Namulonge during the 1995LR was greater than

At Kalengyere on the other hand,
from 382171.4, a late maturing variety,

same range
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Variety

15.673.61Rutuku
21 .315.47382171 .4
17.013.90Kisoro
18.844.85Kabale
17.896.67Victoria
15.01381403.1 2.69
9.286.14Sangema

L.S.D.(0.05) 2.58 3.90
C.V.(%) 66.70 42.31

Namulonge
1 994SR

KaLengyere 
1995LR

Table 16: Yield (MT ha' ) of seven Solanum potato varieties 
grown at Namulonge during the 1994 short rains (SR) 
and at Kalengyere during the 1995 long rains (LR).
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thus Sangemathreshold for PVX;the negative-positive was
PVXSangema also hadinfected with PVX.
andinfectionhigh PVXhencevalue,absorbance a

A similar observation

made in the yields for Rutuku which was also infected withwas
PVX during the 1995LR at both Kalengyere and Namulonge (Table

17) .
Analysis of the relationships between fresh tuber yield

PVX and PLRV infection for each variety indicated

significant correlations between yield and PVX infection for
infectiontested positive for PVXthat hadthose varieties

A highly significant and negative correlation(Table 18).
obtained between potato yield and PVX(r = -1.0,

infection for Rutuku while significant (P= 0.05) and negative

(Table 18).
was also obtained between yield and PLRV infection but only in
Rutuku (Table 18). These results indicate yield depressing
effects of potato virus infections.

The effects of initial PVX infection on the performance
and susceptibility of Solanum potato to PLRV was depicted by
Rutuku. In this variety, a

= 1.0) and, potato
= 0.96).

andby PVX have caused drastic yield decline in
Rutuku (Table 18).

i-
'i

yield and PLRV infection (r^

strong relationship 
between potato yield and PVX infection (rZ

(MT ha'1 ) ,

correspondingly low yields (Table 17).

P < 0.01) was

PLRV may

a relatively high

correlations were obtained for 382171.4, Kabale, and Sangema

Thus, double infection

A significant correlation (r = -0.98, P = 0.05)

there was
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Table 17:

YieldPVXYieldVariety PVXYieldPVX

0.346 15.670.4343.61Rutuku 0.5540.517
21 .310.0680.4120.2385.47382171.4 0.165

0.136 17.010.302 3.483.900.119Kisoro
18.480.2600.014.85 0.2420.114Kabale
17.890.1701 . 776.67 0.1410.113Victoria
15.010.1300.163 0.6992.6938140.31 0.123
9.282.06 0.4066.14 0.4870.457Sangema

0.2200.2190.152
LSD (0.05) 3.000.072 3.90 0.120 3.00 0.120
C.V. (%) 32.6 23.9 66.7 32.6 23.919.0

i Cut-off values for PVX infected and healthy samples.

Namulonge 
1994SR

Namulonge
1995LR

Kalengyere 
1995LR

Threshold*

Potato yield (MT ha"') and Potato virus X (PVX) 
infection (relative virus antigen 
concentration) of seven potato varieties at 
Namulonge and Kalengyere during 1994 shot 
rains (SR) and 1995 long rains (LR).
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VARIETY

Rutuku
-0.020.22382171.4
0.790.19Kisoro
0.960.10Kabale
0.65Victoria 0.67 -0.11
0.91381403.1 -0.07

-0.47Sangema 0.39
-0.07 0.17 0.23

* titand Significant at P = 0.05 and P < 0.01, respectively.
a
b seasons and locations.

•f

Yield 
against 
PVX

Pooled data^

(SR) and at
1995 long

-0.49
-0.63*

Yield 
against
PLRV
-0.98*

-0.45
-0.37*

-1.00***
-0.98*

Table 18: Correlation3 coefficients between potato yield
(MT ha"') potato virus X (PVX) and, potato leaf 
roll virus (PLRV) infections (relative virus 
antigen titre) in field grown Solanum potatoes at 
Namulonge during the 1994 short rains 
Namulonge and Kalengyere in the 
ra ins(LR).

PVX 
against 
PLRV 
0.94*

Data for all varieties across
Data pooled for each variety across locations and seasons.
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4.4 DISCUSSION

that thestudy showedf rom thisobtainedresultsThe
original seed tubers obtained from Kalengyere were free from

The use of dimethoate at Namulonge didaphid-borne viruses.
not deter the spread of PLRV and did not influence the field

performance of the current season crop.
The indexing of seed potatoes, obtained from Kalengyere

indicated theinfect ionvirusfor latentbefore planting
PLRV at Kalengyere.ofprobable absence occurrenceor rare

This virus was last detected at this site in 1990 in only four
samples (Anon., 1993a).

The absence of PVY is not surprising because it has not
1 988 while lastKalengyere since PVSbeen detected at was

detected in 1989 (Anon., 1993a). The seed tubers from three
varieties obtained from Kalengyere in both theof the seven

1994SR and 1 995LR tested positive for infect ion. ThisPVX
virus has been commonly detected at Kalengyere (Anon., 1993a).
The seed potatoes obtained from Kalengyere were therefore free
from aphid-borne viruses. The insect-transmitted viral
infections that detected in field potatoes atwere grown
Namulonge could not therefore have been seed-borne. They must
have been introduced by virus arthropod vectors.

At Namulonge, dimethoate did not prevent the infection of
potato with PLRV despite the low aphid pressure. Both the
sprayed and unsprayed infected with PLRV. Thiscrops were
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implies that there is a high virus infection pressure in the

failure of dimethoatethis, theaddition toIn toarea.
suppress M. persicae the principle vector of PLRV, could have
further contributed to the of this virus in Namulonge.

aphid-borne viruses were detected inAt Kalengyere, no
both sprayed and unsprayed field grown potatoes in spite of

In addition, dimethoate effectivelythe high aphid pressure.
controlled aphid colonisation and infestation, thus increasing

to virus spread by killing the virusthe deterrent effects
infestation inAlthough there heavy aphidvectors. was

unsprayed Kalengyere in the previouspotato at as seen
I Chapter, of fieldit did result in infectionnot grown

potatoes with aphid-borne viruses. This implies that there is
a low virus infection pressure at Kalengyere. The low virus
pressure at Kalengyere and, the effectiveness of dimethoate at
controlling aphid infestation in potato could have prevented
the spread of potato leaf roll virus.

Virus screening of field Namulongepotatoes atgrown
indicated that all the varieties used susceptible towere
PLRV. However, Rutuku and Kabale seemed be theto most
susceptible. could be dueThis to their initial infection
with PVX because potato cultivars that infected with PVXare

susceptible to than those thatPLRV PVX-freeare more are
(Jayasinghe et al., 1989).

potato fresh tuber yield at both Kalengyere and Namulonge.

i 
r

Dimethoate spray did not have any significant effect on
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varieties toin yield betweenDifferences
differentTheand location/site effects. potatogenetic

varieties had higher yields at Kalengyere than at Namulonge.
However, at Namulonge, early-medium (80 - 100 days) maturing
varieties, such as Sangema and Victoria, performed better than

38171.4 andsuch as Rutuku,late (>100 days) maturing ones,
lateobserved at Kalengyere whereKabale. The

This was expected sincematuring varieties had better yields.
andtemperate conditionsadapted toSolatium potato is more

(high altitudes) than in

1992). At highet al.,(Sikka, 1982; Sikka
growinglongerprovidealtitudes, environmentcoolthe a

the hot drytropics whereperiod compared to lowlandwarm
varieties havematuringbefore the lateinsetsseason

exhausted their bulking potentials (Beukema and van der Zaag,
1990). The high and stable temperatures in the lowlands all
the in additionround reduces the partitioning theyear
assimilates tubers thusthe leading low yieldsto to
(Manrique, 1993).

The field performance of Solatium potato varietiessome
also seemed also have been affected byto infection with
potato viruses, especially PVX. number of
varieties have been further depressed by
double infection with PVX and PLRV. This is because yield
depression is greater in multiple than single virus infections

reverse was

warm climates
yields are usually higher in cool

The yields of a

(Reestman, 1972; Jayasinghe et al., 1989; Beukema and van der

at Namulonge may

were mainly due
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The unexpectedly low yields ofZaag, 1990; Mih et al., 1993).
have beencouldKalengyereKabaleandSangema, Rutuku at

Correlation analysiswith PVX.infectionprobably due to
negative relationship between yield and PVXshowed strong

infection in those varieties that were PVX-positive. Greater
infectedwhich wasin Rutukuyield depression was observed

with both PVX and PLRV.
withoutseedof potatoof cont inuousThe danger use

replenishment is highlighted by PVX infection at Namulonge.
WhenIn the 1994SR, only four variety ware infected with PVX.

1995LR allused inseed potato generated from this crop was
the varieties except Victoria were infected with this virus.

1995LR hadin samples tested in the alsoThe antigen titre
increased in comparison with the materials that were infected
in the 1994SR. Thus , virus infection pressure is likely to
increase if seed potatoes are used without being replenished
(Omer and El-Hassan, 1992).

The study has shown that, a high aphid pressure may not
necessarily result in virus spread, especially in an area of
low virus infection According to Powell and Mondorpressure.

large number of aphids in potato field withouta a
source of virus infection causes little or no danger of virus
spread compared with few aphids from virus infectedon or
plants. This may have been the for Kalengyere. Thecase
absence of PLRV infection or any aphid-borne viruses, despite

the high aphid abundance in the in withcontrastarea

(1973) , a
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the absence of aphid-borne virusNamulonge, may account for

There isinfections in
need therefore for stringent measures to enforce the flush out

seed flow from high lowtowill alwayssystem that ensure
This will prevent theelevations but not the other way round.

build up of virus infection pressure in areas with high aphid
pressure and ensure the supply of virus-free seed potato from
the highlands to potato farmers else-where. Production of seed
potato from lowland areas should be discouraged or reduced to
only one season of seed production generation.

field grown potatoes at Kalengyere.



5CHAPTER

ASSESSMENT OF ONSET OF MATURE PLANT RESISTANCE TO APHID-
BORNE VIRUSES IN SOLANUM POTATO

5.1 INTRODUCTION

The control of aphids using insecticide on calendar­
based spray schedules has
resistance to insecticides (DiFonzo et al., 1994; Sekamate,

Continuous use of insecticides, especially foliar1994) .
sprays, also harm beneficial arthropods such as predators,

Powell andparasitoids, and pollinators (Broadbent, 1957;
risks,these1992 ) . reduceTo1973;Mondor, Oonyu,

applications Solanuni potatofoliartherefore, onspray
should be carried out when the plants are most susceptible
to virus infection, especially when they are still young.
Thereafter insecticide spray frequency could be reduced or

Bishop,(Knutson 1964;stopped altogether andsprays
Beukema and van der Zaag, 1990).

Most Solanum potato cultivars, including those highly
susceptible viruses, exhibitto plantpotato mature
resistance as they grow older (Kolbe, 1970; DiFonzo et al.,

1994) , i. e., feeding maturing byplantspotatoon
viruliferous aphids may not necessarily result virusin
infection. BishopKnutson (1964)and reported that
infection of Solanum potato with potato roll virusleaf
(PLRV) decreases as the potato plants approach flowering.

insecticideThus, limited periodbe thetosprays can

a tendency of encouraging aphid
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before flowering and the frequency of the sprays be scaled

This strategy would reduce thedown or stopped thereafter.
cost of seed potato production and provide cheap virus-free

thisThe experiment reported inseed potato to farmers.
chapter was, therefore, conducted to establish the onset of
mature plant resistance in some of the established Solanwn

potato cultivars in Uganda.

MATERIALS AND METHODS5.2

The study was carried in a screen house at Namulonge
InstituteProduction ResearchAnimalAgricultural and

(NAARI) in 1995 using potted potato plants. The seven
Solanwn potato varieties used in earlier studies (Chapter

indexed against3.2.2)Section leaf roll3, and potato
virus (PLRV), potato virus Y (PVY), potato virus S (PVS)
and potato virus X (PVX) (Chapter 4, 4.2.1)Section were

in thisevaluated study. four tubers of eachTwenty
variety were individually planted in circular plastic pots
(top diameter 30 cm) filled with steam sterilised soil. The

April 1995, and withinplanted on
fifteen days all had germinated.

At twenty days after planting (DAP), five daysor
after (DAE), four varietypotsemergence per were
transferred to a separate section of the screen house. On
each potted plant, ten viruliferous aphids raised on PLRV
infected potato plants and previously starved for two hours

1

27th

were put to feed on the plants for one day in the screen

seed tubers were
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house.

The other five groupsexposure to virus vector pressure.
of each variety were similarly infected with the virus at

The plants' phenologicalten day intervals until 55 DAE.
stages at each infection date were recorded.

two leaflets from the top fully expanded
from the bottomfrom the middle and anotherleaves, one

collected from each potted plant in numbered polythenewere
of twotested forbags. The samples were
Doubleusing directandaphid-borne viruses, PVY,PLRV

antibody Sandwich Immunosorbent Assay (DAS-ELISA). No tests
done for PVX because it is mechanically transmittedwere

(Schepers, 1972). Potato virus S was also not tested for
because it can be transmitted by both contact and arthropod
vectors (van der Wolf, Khalil Shalla,1981;
1982 ) .

virus antigen-antibody reactionsThe read 45were
minutes incubation stage.last reactionsThe

quantified using the Multiskan Plus (Version 2.03)were
plateELISA reader wavelengthat of The405a nm.

negative-positive thresholds that were used to determine
healthy and infected samples for each virus were set at the

value of 10 healthy samples plus three
standard deviations. Differences due
determined using analysis of variance (ANOVA). The means
for factors that were significantly different were compared
using the Least Significant Different (LSD) test at an
appropriate alpha level.

1964; Hooker,

mean absorbance

Thereafter, the plants were taken outside for more

to treatments were

At 60 DAE,

after the

the presence
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5.3 RESULTS

potato varieties toofthe sevenData exposureon
viruliferous aphids at ten day intervals are presented in

the trend in infection of sampleand 20 whileTables 19
inoculated at different dates and their absorbance values

All the plant materials underare presented in Figure 6.
Therestudy were free from PVY but were infected with PLRV.

in PLRVdifferences(P < 0.01)highly significantwere
inoculation.varieties plant atandlevel ageamong

significant (P = 0.05) variety byHowever, no
oflevel PLRVtheinteraction observedplant onage

infection (Table 19).
aphidsviruliferousexposedplantsAll topotato

before 35 DAE were infected with PLRV (Table 20 and Figure
This indicated that all the varieties were susceptible6).

of the samples45 DAE, only 28.6%However,to PLRV. at
tested positive for PLRV infection (Table 20 and Figure 6).
At this inoculation date, it was Rutuku and Victoria that
got infected with PLRV. The level of infection in the two
varieties was within the the mean absorbancesame range;
value of Rutuku being 0.227 and Victoria 0.224 while the
negative-positive threshold value (Table 20).0.216was
Potato plants exposed to aphids at 55 DAE free fromwere
PLRV infection (Table 20 and Figure 6).

The absorbance values for each variety decreased with
increasing plant age at the time of inoculation (Table 20
and Figure 6). This indicated that the PLRV probably

f<* I*

there was
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infectionVirus
Source of

Df PVYPLRVvariation
0.356“ 0.00025Plant age (A)
0.022“Variety (B) 6 0.001

30 0.006 0.001AB
Error 42 0.004 0.001

(%)C. V. 18.2 31.45

“ Significant at (P < 0.01).

Table 19: Mean squares for potato leaf roll virus (PLRV) 
and potato virus Y (PVY) from analyses of 
variance tables of seven Solatium potato varieties 
exposed to virus infected aphids at ten-day 
intervals for six dates.
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multiplies in the plant host and plants infected with PLRV

Thus,late in the season have
virusif seed potato are used without being replenished,

with time andbuild upis likely toinfection pressure
adversely affect yield in subsequent seasons.

values,different absorbancevarieties hadThe
probably indicating the different levels of susceptibility

theexample,cultivars. Forin the potatoto PLRV
Victoria and 381403.1for Rutuku,absorbance values were

often than not higher on the various inoculation datesmore
than for other varieties (Table 20).

viruswithreduction in number of clonestheThe
plants inoculated at totalinfection in 45 and theDAE

absence of infection in plants inoculated at 55 DAE (Table
20) indicated the setting in of mature plant resistance to

infection. ifThus, plants protectedPLRV potato are
before this period in an area of low vector pressure, few

likely to be infected with PLRVseed tubers theandare
incidence thisof virus in the season's isnext crop
therefore likely to be low.

setting inThe of resistanceapparent PLRVto

infection seems to have occurred in most varieties at about
the flowering stage (40-50 DAE) (Appendix 1). After this
growth stage, potato plant leaves started to fall. Plants
which were inoculated after complete flower drop (55 DAE)
were free from PLRV, implying that even the varieties which

highly susceptible towere leafpotato virusroll had
acquired resistance to this virus.

a low virus concentration.
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i

inoculationatPlant
55Variety 453525155

0.1570.2270.4490.476 0.494Rutuku 0.639
0.1380.1450.3010.3850.378382171.4 0.477
0.0990.159Kisoro 0.2280.2990.477 0.429
0.1200.1590.476 0.285Kabale 0.5030.544
0.137Victoria 0.450 0.346 0.2240.4840.517
0.1520.226 0.143381403.1 0.516 0.5100.468
0.1270.561 0.230 0.191Sangema 0.458 0.500
0.2160.216 0.2160.220 0.220 0.220

100.0 100.0 100.0 100.0 28.6 0.0

between varieties along the columns = 0.106
between inoculation dates along rows = 0.104

Infection 
(%)

LSD0.01

Table 20: Potato leaf roll virus (PLRV) infection (Relative 
virus concentration) in seven potato varieties 60 
days after plant emergence (DAE,) for plants 
inoculated at ten day intervals.

LSD0.01

age (DAE* )

Threshold3

*Days after plant emergence

aThe negative-positive threshold for virus inoculation at 
5, 15 and 25 days was 0.220 and that at 35, 45, and 55 
inoculation dates was 0.216.
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5.4 DISCUSSION

study revealed thatThe results generated from this
withdecreasesSolanwn potato to PLRVsusceptibility of

A decline in PLRV infectionincrease in potato plant age.
in plantsinfectionofabsencetotaland45at DAE a

inoculated at 55 DAE even in clones with low resistance to

considerableattainedall varietiesPLRV indicated that
old. Forthe potato plantsresistance PLRV grewto as

mature plant resistance to be valuable to a potato grower,

however, young potato plants should be protected from early

plantsThis is becauseattack.vector moreareyoung

(Broadbent,susceptible to virus infection than old ones
1957; Knutson and Bishop, 1964; Harrewijn, 1989; Sylvester,

This was revealed by totalDiFonzo et al., 1994).1989;
all potted plants with PLRV when they wereinfection of

inoculated at a tender age.
maturing) Victoria (early-medium(lateRutuku and

maturing) were the only two varieties that were infected by
PLRV at 45 DAE. The cause of infection of Rutuku at 45 DAE
when other varieties were not infected could have been due
to this variety being still vegetative when other clones
had stopped growing. Rutuku could have been therefore,
easier to probe and allowed free andmovement
multiplication of PLRV (Auclair, 1989; DiFonzo, 1994). In
the case of Victoria, infection with PLRV at an advanced
age (45 DAE) could be due to this variety having very low
resistance to PLRV. The setting-in of plantmature
resistance seemed to occur at a stage of potato plant flowering.
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GENERAL DISCUSSION AND CONCLUSION

This study has documented the presence of Myzus persicae,

Aphis nusturtiiMacrosiphum euphorbiae (Kalt.),(Sulz . ) ,

(Kalt.), Aphis gossypii (Glov.) and Aulacorthum solani (Kalt. )

on Solanum potato in Uganda.

aphid species and their attack on potato varied between the

eco-climatic(Namulonge) and highland (Kalengyere)lowland
zones.

Aphid flight activity monitored using yellow water traps
indicated that the most abundant aphid species in the lowlands

the predominant aphidgossypii. In the highlands,
the predominant aphidspecies was euphorbiae. However,M.

necessarilyspecies caught thefrom mostnottraps were
aphidspecies infesting theabundant aphid andpotatoes,

flight activity did not reflect aphid crop activity. In both
locations, the most abundant aphid species infesting Solanum

potato was M. persicae.

applicationThe dimethoateof Solanum potatoto to
control aphid infestation at Kalengyere
than at Namulonge. The low effectiveness of dimethoate at
Namulonge seemed to be due to its poor control of M. persicae.

This was manifested by the heavy infestation and simultaneous

predominance of M. persicae in sprayed plots at Namulonge. At

However, the occurrence of the

was A.

was more effective
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equallyaphidsinfestingKalengyere, potatoall were
controlled by the insecticide.

aphidlowertherethatshowedThe study also awas
in the lowlands compared to the highlands as opposedpressure

to the commonly held view that highlands have a lower aphid
derandBeukema1987;than lowlands (Horton, vanpressure

varietalthatshowedfurther1990 ) . studyTheZaag,

reported else-influenced aphid infestationdifferences as
DiFonzo et al., 1994). Earlywhere (Nderitu and Mueke, 1986;

infestationheavily infested, andmaturing varieties were
occurred earlier in the season while, late maturing varieties

isin the Itheavily infested lateralso season.were

late maturing varieties should betherefore suggested that

ifthan early maturinggiven more insecticide onessprays
This would prevent dispersal ofplanted at the

diminishingprobably virus foodaphids spread fromand a
early-medium maturing varietiesin thetoresource more

succulent late maturing ones.

At both Kalengyere and Namulonge, potato virus Y (PVY)

and potato virus S (PVS) were not detected in both seed and

field grown potatoes. This probably means the absence or very

rare occurrence of these viruses. Indexing of seed and field

grown potato for potato virus X (PVX) at Kalengyere showed
virusthat the initially confined varietiesthreetowas

namely, Rutuku, Kabale and Sangema. However, it spread to all
varieties except Victoria when seed potato was generated from

same time.
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Thus virus spread in the lowlands is very rapidNamulonge.

compared to the highlands, and this is probably the cause of

rapid degeneration of potato in low elevation agro-ecological

zones.
Solanumprobable absence of

Kalengyere despite the highviruses atpotato aphid-borne
seed tuber indexing indicated theaphid pressure. However,

This suggests thatof PVX which is a contact virus.presence
unless strict phytosanitary measures are taken, Kalengyere can

long as thisbe a source of PVX or any other potato virus as
site is used as a source of seed potato.

irrespective the(PLRV), ofviruswith potato rollleaf
insecticide spray treatment and low aphid pressure, confirming
the commonly held view that there is a higher virus infection
pressure in lowlands than highlands (Raman, 1985; Jayasinghe,

Harrewijn, 1989 ) . is1988; There need, therefore, to
regularly replenish seed stocks in the lowlands in order to
prevent the build-up of viral infection pressure on planting
materials produced from this agro-ecological zone.

All potato varieties at Kalengyere, whether sprayed or
not, were free from PLRV despite the high aphid infestation in
unsprayed potatoes. In all potato varietiescontrast, at

Namulonge were infected with PLRV they were treated with the
insecticide or not. This scenario implies that (i) there is

i

a total absence of PLRV at Kalengyere,very low incidence or

In the lowlands, all the potato varieties were infected

The study also revealed a
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(ii) a high aphid pressure does not necessarily lead to a high
virus infection pressure, and (iii) a low aphid pressure in an

virusesaphid-borneofthreatreduceddoes notarea mean
is therefore suggested that1973 ) .(Powell and Mondor, It

should depend on theselection of seed potato growing areas
Thethan aphid numbers.rathervirus ("vector" ) pressure

ofeffectivenesstheandvirusesaphid-borneabsence of

dimethoate at Kalengyere against aphid infestation makes this
location suitable for production of seed potato.

The absence of aphid-borne viruses in both seed and field
grown potatoes from Kalengyere means that highlands should be
protected against introduction of Solanum potato viruses from
the lowlands by encouraging a potato flush-out system where

from high lowseed) only f low to(both andpotato ware
elevations although lowlands may produce ware potatoes.

it was evident that all theFrom the study at Namulonge,
potato varieties used were susceptible to PLRV, although some

susceptible.varieties seemed lesssuch beSangema toas
However, as the potato plants grew older, their susceptibility
to PLRV decreased particularly when infection occurred after
the flowering stage. In pressure,
therefore, early application supplementseason spray can

mature plant resistance and this would reduce potato infection
with aphid-borne viruses. This observation thatmeans
insecticide use can be limited to critical potato plant growth
periods after which aphid infestation control could be left to

an area of low vector
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With this strategy, the cost of producingnatural processes.
virus-free seed potato and, consequently the cost of ware

This will make potato a cheaperpotatoes can thus be reduced.
food commodity in Uganda than it is today.

that seedrecommended potatoisconclusion, itIn
production systems utilising highland areas be developed for
Uganda taking into consideration some of the findings reported

Further studies should also be carried out to,in this study.
(i) assess yield loss associated with heavy aphid infestation
in potato crops, especially in out-of-season grown potatoes
which is commonly grown by potato farmers in the highlands;
(ii) establish the occurrence and infection pressure gradient
of major potato viruses from the highlands (> 1700 m a.s.l.)
to mid-elevations (1200-1600 m a.s.l.). This will be useful
in determining how regularly seed stocks in a given locality
should be replenished with fresh seed from the highlands; and
(iii) investigate the cause of low effectiveness of dimethoate
against M. persicae at Namulonge.
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APPENDIX

Appendix 1:

Variety Plant age

Rutuku 21.411.46.910.55 V
34.710.515 10.0±0.6V

25 58.312.815.0±0.7V
35 70.212.3B 16.210.9
45 73.812.516.8110.F + T
55 72.913.0F 14.0+1.4

382171.4 5 23.911.57.810.3V
15 9.210.4 48.312.6V
25 15.0±0.7 73.312.4B+T
35 F 17.610.6 88.3±3.6
45 F.D 16.410.9 88.313.1
55 L.D 9.710.7 88.213.1

Kisoro 5 V 9.8 + 0.7 30.11.8
15 V 12.0±0.3 41.811.2
25 B+T 15.610.3 56.0±2.8
35 F 16.2+0.6 64.114.3
45 F.D 17.410.7 65.114.1
55 L.F 8.710.5 67.014.1

Kabale 5 V 9.310.4 25.Ill.6
15 V 42.212.510.410.6
25 V 57.012.815.110.4
35 B+T 64.114.316.210.6
45 F 65.912.213.410.9
55 F 69.712.313.011.2

Growth 
stage

Number of 
compound 
leaves

Plant
Height (Cm)

Plant phenology of seven Solanum potato varieties 
at different growth agesa in a screen house.
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Appendix 1 cont'd

Victoria 10.2±0.4 23.9±1.65 V
42.3±1.410.8±0.415 V
61.6+1.816.0±0.5.25 B+T
73.2±2.917.OiO.535 F
73.1±3.015.3±0.845 F.D
73.0+2.211.6il.O55 L .D

381403.1 16.8±1.18.8il20.15 V
37.9±1.19.4±0.315 V
63.8±2.214.7±0.425 B+T
79.9±3.015.2±0.535 F
80.0±3.117.lil.045 F
79.9+2.712.8±0.655 F.D

9.3±0.3 27.3±2.5Sangema 5 V
9.6±0.515 47.8±2.6V
12.9±0.4 60.Oil.725 B+T
13.6±0.535 69.6±2.0F

45 15.7±0.9F.D 75.8±1.9
55 11.2±0.6L .D 76.Oil.1

KEY
V 
B 
T 
F

= Vegetative
= Budding
= Tuberisation
= Flowering 

F.D = Flower drop 
L.F = Leaf drop
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Appendix 2 Weather data for Namulonge and Kalengyere Research
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