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ABSTRACT

Bacterial blight of cassava, Xanthomonas campestris
pv. manihotis (Arthaud-Berthet, Starr) Dye, is one of the

in TheUganda.ofdiseasesimportantmost cassava
indisease resultthebyinfection of maycassava

and reduction in tuber yieldtip dieback,defoliation,
of up to 90-100% in susceptible varieties.

field,of threethesis resultsThis reports
laboratory and green house studies conducted during 1985-
87 on the role of insects in the epidemiology of cassava

The first experiment was carried outbacterial blight.
to identify the most suitable cassava varieties and the

with varietiesinsects associated them. Four cassava
Bintiminti and Ebwanateraka)(Bukalasa 11, Bukalasa 8,

were used. The insects associated with healthy and CBB
infected leaves monitored monthly. The monthlywere
records were taken at early morning, mid-day and evening.
The second experiment was carried out to prove that the
insects associate with infected andleavesCBB to

epidemiology.the they Play inrole CBB
yeasts were used to mimic insects

establish
Mollasses and brewers'



xi
from CBB infected to CBB free plants while dimethoate and

exclude insects fromusedcontrol tounsprayed were
naturaland representtohealthyvisiting cassava

conditions respectively. The last experiment was carried
bacterial isolates frompotency oftheout to ensure

insects. Bacterial isolates from body surfaces and faeces
of the insects collected from the field were cultured in

inpopulation culture andTheirlaboratory.the
determined.infectivity in cassava seedlings were

A total of twenty insect species from seven orders
associated with bacterial blight infected cassavawere

The insects preferred bacterial blight infectedplants.
Neitherthan healthy leaves. thecassava cassava

varieties timeused the of the affected thenor year
insect preference.

Nevertheless, time of the day significantly affected
the number and abundance of each insect species on the
infected cassava leaves. All the insect species studied

infected leaves duringabundant themost thewere on
than eitherwarmer part of the day (12.30 1.30 p.m.)
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7.30 a.m.) or late in theearlier in the morning (6.30

6.30 p.m.).(5.30afternoon

The population of insects on the infected cassava
leaves reached two peaks. Variations in peak populations

the number of
weatherand thebacterial blight lesions the cropon

factors (particularly rainfall).

studied hadspeciesinsect movementsAll the
directed towards locating bacterial blight lesions and
were probably mediated by some kariomones from blighted

the insect eitherlesion was located,lesions. Once a
sucks the exudates from the lesion or chews parts of the

feeding behaviour sites of chewinglesion. andThe
instancespecies of For Catantopstwo types.were

momboensis centralis and Lagria villosa preferred feeding
on edges of the leaf blight lesions on which they create
irregular feeding sites. Svstates castaneipennis prefers

feed blight lesionsmiddle of andto the createson
smooth round "holes".

were probably due to the age of the crop,



xiii
yeast sprayed on to healthy

leaves, significantly attracted higher number of insects
Insect feeding sites and bacterial blightto the crop.

lesions were also significantly higher in plots treated
lesionsnumber ofThe'attractants 1 .with the were

highly correlated with the number of insects: implying
responsible for the observedinsectsthethat were

increases.

Dimethoate to suppress insectsThe application of
a significant reduction in theresulted in

number of bacterial blight lesions on cassava and in the
it was estimated thatinsect feeding sites. In general.

under natural conditions, the insects contributed up to
35.43% of bacterial blight epidemiology. When moll^sses

insects contributedused, the
41.19%-56.64% of bacterial blight increase in the field.

Generally the population of the pathogen isolated
from the exoskeleton and feaces of the insects were lower
than those bacterial infected lesions.blightfrom
Cassava leaves inoculated with isolates produced typical
bacterial blight lesions.

Mollasses and brewers'

on cassava,

and brewers yeasts were
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intrieablyCBB epidemiologysenario ofThe seems
insect speciesfood ecologylinked manyup

attracted to bacterial blight infected cassava leaves by
from disintegrating leaf tissues.kariomones cassava

feeding onpathogen while bacterialThey acquire the
blight lesions and disseminate them to healthy cassava

The
in bacterialimportant role blightinsects Play an

controllingepidemiology aimedand theatmeasures
insecticidesdisease should integrate the of inuse

reducing the number of insects.

with food ecology , of 
C 

particularly Coleopterans and Dipterans. The insects are

plants as they move about within a cassava field.



CHAPTER I
INTRODUCTION

The Problem1.1.

Cassava, Manihot esculenta Crantz is one of the most
and Ocitti(Otim-Napein Ugandafoodimportant crops

The crop is grown by peasant farmersp'Obwoya 1989).
throughout the country, but the main areas of production
are the Eastern, Northern and North Western Uganda (Otim-

mainly for humanis1981). TheNape growncrop
consumption although small quantities are processed into

animal (Otim-Napeenguli feedindustrial starch, and
The production of the crop in the country has1989) .

it increased from 1.92been increasing. instance,For
million metricmetric in 3.9million 1970tonnes to

factors(Otim-Nape 1989).by 1985 Thetonnes
contributing to the increase in production of the crop
are unknown. However, it is likely that the increases are
due to expansion in area planted with the crop and not
necessarilly due to increases in yield per unit area.

factor whichCock (1981) thatconcluded mayany
or severelyphotosynthetic ratereduce the life,leaf
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damages the stems or gives high percentage of early plant
of theyields Hereduceseverelydeath, crop.may

pointed out that pests and diseases may affect yield by
destroying plant apices, leaves and storage roots. More
than thirty five pests and diseases have been reported

(Lozano and Van Schoonhoven 1975). In someon the crop
cases these agents cause considerable losses and at times

and itspotential thedanger torepresent cropa
production.

The diseases and pests that infect cassava have been
well reviewed by Lozano and Booth (1975) and by Therberg

bacterial(1987) . Africa, blight (CBB)al Inet
Xanthomonas campestris pv. manihotis (Arthaud-Berthet and

seriousStarr) is of the diseases ofDye mostone
(Terry 1978). first recordedThis disease wascassava

in Uganda in Terego county, North Western Uganda (Otim-
Nape 1976). It is widespread in Eastern, Northern, North
Western and parts of Western Uganda where on poor soils,
90-100% observed susceptibleloss have beencrop on
varieties (Otim-Nape and Sengooba 1981).
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disease within theattempt toIn an
1977

prohibited movement of cassava products and vegetative
countries and betweenneighbouringfrommaterials

country but with littleprovinces within the success.
bacterialtolerantofThe oruse

possiblesuggestedbeeenrainy havepeak asseason
control measures (Lozano and Sequeria 1974b, Terry 1978,

Screening for and developing varietiesOtim-Nape 1978).
resistant to the disease is being carried out (Anonymous
1986, 1987 and 1988). but this is long term and expensive.7

of clean planting
material, timely planting and use of optimum spacing have

1988). Their effectsbeen tried (Anonymous 1986, 1987 ,
are minimal.

Detailed epidemiological studies to clarify how
environmental development offactors influence the
disease have been suggested (Maraite and Meyer 1975).
Insects have also been suggested as a possible factor in
the epidemiology of the disease (Amaral 1945). In Zaire,

by bacterial blight frominfection of startscassava

contain the S 'already infected areas, statutory instrument No.27;
<—■ —-•

resistant varieties, 
eV A

blight free planting material,! timely planting to avoid

Other cultural practices such as use
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principallymade byinsectwounds puncturesor

Distant (Karaite andPseudotheraptus devastans Meyer
1975) .

have been observedbelonging theto
colonising infected plants in Uganda (Nyiira and Otim-

It is therefore likely that insects may playNape 197 8) .
a role in the dissemination of the disease. Karaite and

suggested that the role of insects in theMeyer (1975)
epidemiology of bacterial blight should be elucidated.

Despite observationsthe and suggestions, no
detailed studies have been carried out to clarify the
role of insects in the epidemiology of bacterial blight.

control measures for the disease.

Large populations of Diptera particularly those
C family Musidae,

can use as a basis for making a decision on additional
Thus, there is no reliable information which pathologist
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1.2. Objectives

with theconductedreported herestudyThe was
following objectives:

species of insects commonlyto identify the(i)
associated with bacterial blight,

of insects in theclarify the role(ii) to
epidemiology of the disease,

the insects disseminate the(iii) to determine how
blight from diseased to healthy plants in the
field and

(iv) to find out whether elimination of the insects
which disseminate blightthe help incan
controlling the spread of the disease in the
field.

(nkti
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1.3. Approaches and Thesis Organisation

The results reported in this thesis are from field,
experiments conductedhouseglassand atlaboratory

1986 and 1987. StudiesSerere Research Station in 1985,
insect species and numbers associated with bacterialon

blight and those on insect dissemination of the disease
carried out in the field in 1985/86. Isolation ofwere

bacterial blight pathogen from insects were carried out
in the laboratory while infectivity of the
isolates were carried out in the glass house on potted
plants in 1986 and 1987.

The thesis is written in six chapters. Chapter 2
is a review of literature, Chapters 3, 4, 5
materials and methods, results, discussion and summary
respectively. Each chapter is divided into sections and
occasionally subsections whenever necessary.

and 6 are

studies on



CHAPTER II
REVIEW OF LITERATURE

2.1. History and Geographical Distribution

Bacterial blight of cassava was first reported in
Bacillus manihotisattributed toin 1906 andBrazil
More recently the1915).(Bondar 1912,Athaud-Berthet

South Americawidespread in (CIATbecomedisease has
AsiaNormanha 1971),1972a;1972, 1973 ; Castano1971,

(Leu and Chen 1972;
Hahn and WilliamsWilliams et al. 1973 ;

Otim-Nape and1978; 1980 ;1973 ; Onyango RamosNyango
Butare and Mostade 1978)1978;

Since its first report in cassava bacterial1912,
blight has become increasingly important and in 1940s it

considered the most inwas cassava
(Amaral 1942; Chaeves 1 1946).Brazil Losses caused by

this disease on cassava in other South American countries

1973, 1974, 197 5;
and Asia are also high (Lozano and Sequeria 1974b; CIAT 

Lue and Chen 1978).

serious disease of

CIAT 1974) and Africa (Orian 1948;
Persley 1979;
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In Africa the disease threatened the crop in Zaire,

famine inwidespread thatresponsible forand awas
(Hahns and Williams 1973).country in the early 197 0s

In the former East Central State of Nigeria, losses due
to the disease was estimated at Nigerian Naira 24 million
(US$38 million) and approximately half of the crop in the

(Hahns and Williamsdiseasethelost due toarea was
also beenSerious outbreaks have1974) .1973; Terry

reported in other African countries (Batsima and Mabanza
Otim-Nape and Sengooba 1977).1976, Terry 1978, Terry

in yield(1978) reduction dueconcluded that theto
disease varies with the location, level of susceptibility

varieties, fluctuations, timeof the seasonal of
planting, and the magnitude of inoculum density. The
reduction in starch content of roots of infected plants,
and the destruction of planting material due to dieback

infected cassavaof add to the considerableallstems
loss (Terry 1978).
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2.2. Casual Agent

of bacterial blight ofcasualThe agent cassava
Bacillusreported under various(CBB) beenhas names

manihot (Arthaud-Berthet), Bacillus manihotus (Arthaud-
(Berthet and Bondar) andmanihotiBacillusBerthet) ,

(Drummond and Hipolito) (BurkholderBacterium manihotus
More recently the pathogen has1942; Bergey 1948, 1974).

been grouped under Xanthomonas campestris along with many
bacteria whichpathogenicplantother are

indistinguishable in laboratory tests but differ in plant
host reaction (Bergey 1974; Bradbury 1970). It has been
accordingly renamed Xanthomonas campestris pv. manihotis
(Athaud-Berthet and Starr) Dye (Bradbury 1970). Cultural
and biochemical characteristics of the pathogen have been
widely studied by Drummond and Hipolito (1941) , Amaral

Sequeria(1942), Burkholder (1942) andand Lozano
Distinct(1974a). inThey summarised Table 1.are

strains of the pathogen have been reported by Lozano and
Sequeria (1974a), Maraite and Meyer (1975) and Maraite
and Weyns (1980). Lozano and Sequeria (1974a) suggested
that the species requiredtaxonomic position of the

infurther suggested thatinvestigation. They some
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respects, notably its white colour, ability to accumulate
polybitahydroxy butyric acid, fast growth, and relatively
high optimum temperature, the pathogen is akin to group
III of the Pseudomonas plant pathogens (Bergey 1974).

The symptoms of bacterial blight, X. campestris pv.
are characterised by: angular leaf

surfacethe under of the lowerespeciallyspots on
wilting, defoliation, tip diebackleaf blight,leaves,

and gum exudation on petioles and young stems. Vascular

1973; Lozano and Sequeira 1974a; Maraite and Meyer 1975).
Infected cuttings may fail to germinate while many others
may develop wilting and death of the young shoots (Lozano
1975) .

manihots on cassava

discolouration of the petioles, young stems and roots of , 
highly susceptible varieties are common (Williams et al.



Table 1: Cultural and Biochemical Characteristics of Xanthomonas campestris pv. manihotis

Amaral (1942)

Size

RodsRodsRodsRodsShape
Mortality

NegativeNegative NegativeGram reaction Negative

Temperature

55Minimum
Optimum °C 30-3230
Maximum °C 38 38

Colony type

Negative

+ (3 days) +(8 days)
Starch +

Indo I Production

Mass doubting 
times

Spore forma­
tion
Capsule 
Formation

Fluorescence 
on Kings 
B. Medium
Gelatin 
hydrolysis

Reduction of 
litmus mi Ik

Nitrate 
reduction

Single polar 
flagellum

Single polar 
flagellum

After 48 hrs 
30°C: circular 
white, raised 
glistening 
viscoid 
colonies

Single polar 
flagellum

32°C-46 min.
30°C-47 min.
28°C-55 min.

Lozano and
Sequeira (1974)

Single polar 
flagellum

Ki I led at 
77°C for 
10 minutes

Burkholder
(1942)

0.32-0.49 x 
0.76-2.6

Drummond and
Hipolito (1974)

0.6-0.9 x 
1.6-2

0.35-0.93 x
1.4-2.8

Beef agar: 
white to 
hyline 
mucoid 
growth

l^S production

(1) Nutrient 
agar: white, 
convex, 
mucoid 
colonies
(2) Reduces 
tetrazoIium 
salt

°C
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viathe rootnormally penetratesbacteriumThe

tissuesepidermalofwoundsandopeningsstomatai
Lozano and Sequeira 1974a).(Pereira and Zagatto 1967;

manihotiscampestrisofisolates X.Colombian pv.
thencavities andstomataimultiply in the move

protophloem ofprotoxylem andprogressively into the
adjacent veinlets four days after infection (Lozano and

vascularpathogen invades the1974a). TheSequeria,
strands and disintegrates cells of the palisade layer and
adaxial epidermis eight days after infection.

The bacteria move from leaf lesions to the stem via
the vascular tissue of the petioles, primarily the xylem
(Drummond and Hipolito 1941; Amaral 1942; andLozano
Booth 1975) while roots and older stem tissues are rarely
invaded (Lozano and Sequeria 1974b).

2.3 Host Range

campestris pv manihotis has only been recordedX.
on species of the genus Manihot (Bergey. 1957) . There

reports of host range studies to test potential
alternative hosts of the pathogen.
are no
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2.4 Epidemiology
2.4.1 Means of spread

inanotherfrom topathogenThe areaonemoves
(Amaral 1945 , andmaterial Lozanoplantinginfected

Infected cuttings also disseminate theSequeria 1974b).
(Lozano anddisease from one growing season to the next

therain-splashWind and1974b). mostSequeria are
important means of local dispersal (up to 10m) (Lozano

Dispersal within a field occurs1974b).and Sequeria,
in the direction of the prevailing winds. Lozano (1972)
found a high correlation between rainfall and amount of
infection.

Bacterial blight may also spread by the movement of
soil during cultural operations or by the use of infected
prunning implements (Carneiro Drummond and1940;
Goncalves 1974b).19 53 ; and Sequeria lowLozano A
percentage infection (7%) in a susceptible cultivar was

3also obtained when a heavy suspension (5x10 cells/ml) of
added to soil in whichcampestris pv. manihotis wasX.

cassava was growing (CIAT 1974; Ikotun 1976).
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bacteriaapparently disseminate theInsects over

carries, rather thanmechanicaldistancesshort as

CIAT(1973) found that spraying
with insecticide reduced spread of the diseasecassava

suggesting that insects are much lessby 10-14%, thus
It has been suggested thatimportant than rain-splash.

the movement of men and animals through a crop may spread
the disease but this has not been proved (Amaral 1945).
The pathogen is also seed borne (Elango and Lozano 1980) .

2.4.2 Sources of Infection and Survival.

Infected debris and volunteers from a previously

310 cells/gof 3.5 inrecordedx were
Colombia in plant debris soilthe surface. Theon
numbers decreased rapidly with depth of soil (CIAT 1973).

campestrisX. manihotis survives thanpv more seven

No bacteria
stored in the leaves under the same conditions survived

infected crop are important sources of inoculum (Persley H77 W7S
1979) . Counts

months in necrosed stem pieces stored at 24°C and 80-87% 
relative humidity (CIAT 1973; Persley 1979).

specific vectors (CIAT 1973; Nyiira and Otim-Nape 1978;
Daniel et al. , 1980) .
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(1973) demonstrated that fallowafter five weeks. CI AT

period significantly reduced the incidence of the disease
Soil survival studies with pure culturesin the field.

manihotis in Colombia showed thatcampestris pv.of X.
the cells survive longer in sterile than in non-sterile

Optimum pH 6.06-6.50 and low organicsoils (CIAT 1974).
survival of thethesoils favourofcontentmatter

In Nigeria, campestris1974) .(CIAT X.pathogen pv

the under-surface of diseased cassava leaves (IITA 1974,
Terry 1975).

Effects of environmental factors on disease2.4.3.
development

There is little experimental data on the effects of
environment disease development. (1975) andLozanoon
Lozano and Sequeria (1974b) suggested that dispersal of

diseasethe favoured by high rainfall and thatwas
disease spread stops during dry periods. They added that
after inoculation a period of high humidity (12h at 100%
RH) is necessary for the infection to be established.

manihotis survives up to fourteen months in pellets on
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The disease is most damaging on sandy loam soils of

low fertility and in fields where cassava had been grown
continously for several years without fertilizers (Glaser
and Ogbogu 1974; Ezumah and Terry 1974; Maraite and Meyer

the disease normallyThe highest incidence of1975) .
(Lozano andat the beginning ofoccurs

Sequeria 1974b).

difficultdiseasetheforControl aremeasures
varietiesresistant havealthough some

1980) . Amendments to various culturalIITA 1978, 1979 ,
practices have been tried but with little success (IITA

1975 ,1974 ,

Insect Transmission of Bacterial Plant Pathogens2.5.

bacterial plant pathogens is indisputable (Harrison et
al. 1980). least sixty diseases known beAt toare
transmitted by insects (Harrison et al 1980).

recently been J oU-o((,
developed (Normanha and Pereira 1950; Hahn et al. 1974;

The involvement of insects in the transmission of

1978; CIAT 1974, Terry 1977).

the wet season
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the first bacterial disease shown to be vectored
and transmitted by insects (Waite 1891) .

species have beeninsectas onemany
shown to be involved, in some way, with the transmission,
survival and inoculation of the pathogen into the plants

1980) .(Harrison et al. Bees
blossomingof theimportant vector

periods (Waite 1906, Beer 1979, Erumett and Baker 1971).
Erwinia amylovora has been cultured from ants, aphids,

thrips, leaf hoppers andflies, lygus bugs,beetles,
from blossomshemipterans collectedvarious pear

(Waite 1896, 1906;oozing cankers
Parker 1936;

(1910, b) , (1929),1911a andJones Stewart
(1913a), Thygescan (1973), and Stahl and Luepschen (1977)
noted that fireblight infections always developed around
fresh punctures and injuries made by beetles, codling
moths and lygus bugs.

Stahl and Luepschen 1977).
, Tullis

Fire blight Erwinia amylovora (Burrill) Winslow et 
al. iwas

and 
? Thomas and Ark 1934a;

Thygesen et al.Faison 1954; Emmett 1971;
,2<; r'.' < . Lft'c," U £ cVfJUI'-i 

197 3; Wilde ;1971;'Beer 1979;

pathogen during
- - .

are considered the most

Since then, as
hundred or more
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The transmission of blackleg and bacterial soft rot

Erwinia carotovora var carotovora and E. carotovpra var
atroseptica of potatoes by dipterous insects particularly
Hylemva platura (Meigen) Hylemya florilega (Zetherstedt)

busckiiDrosophillaand
Tamini(Leach 1940 ,

1979 ;Kloepper 31.1979 ; e

1981).Phillips KeIman1981;al.Kloepper et

Meigen Hylemya platura Meigen and those of the black
onion fly, Tritoxa flexa Wiedeman and Eumeris striqatus
Fallen, have been associated with bacterial decay of the
onion bulbs (Tylor 1953) . They have been1952; Doane
considered important in survivalthe of the pathogen

(Doane 1953; Friendscarotovora
1963; Harrison et al. 1980). Eggs

of insect particularlyseveral species, Scpptomyza
qraminum (Fallen) Elachiptera (Loew)and costa
transmitted Erwiniabacterial of celery,soft rot

al when(Jones)carotovora var Bergey etcarotovora
maintained The(Leach 1927).on moist celery leaves
destructiveness of the disease during the hot dry season

and
QpLikewise larvae of the seed corn margots Hylemya antiaua

Erwinia carotovora var 
et al.

Coquillet have been reported 
C- o-and Bonfield 1969; Molina et al.

1974; Graham et al. 1976; Harrison; et al. 1977; Kloepper 
’ ' 'Seo J ' 

Kloepper/ et al. 197 6;

1959; Brooks
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(Leach 1927 ;insectthebehaviour of
1934) .

Diabroticaandvittata
Coleoptera: Chrysomelidae) are majorhowardi Barber

tracheifila (Smith)Erwiniawiltcurcubitofvectors
ErwiniaLeach 1964).(Carter 1973 ,al.etBergey

stewartii (Smith) Bergey et al.
Chaetoc'nema pulicaria Welsh,beetlesflea

denticulata, Diabrotica undecimpuctata howardii (Barber) ,
and by the wheat wireworms Agriotes(Meig)platuraH.

Rand and Cash 19 24; and(Say) (Rand 1923, Poosmancus
Ivanoff 1933a and b; Frutchey 1936).Elliot 1936;

transmissionassociation by insects ofThe and
pineapple fruit Erwinia crysenthemiand heart rot
Burkholder Olive savastanoial. ; knot Pseudomonaset
(Smith) bacterial of apples PseudomonasStevens; rot
melophthora Allen and Riker; Southern bacterial blight
Pseudomonas halo blight ofSmith;solanacearum (Smith)
beans Xanthomonas campestris pv phased! (Smith) Dows on,
X. campestris pv phaseoli var fuscans (Burkholder) Starr

phased! f. sp.campestrisand Burkholder and X. pv.

(Fabricius)
(both

is also transmitted by

is believed to be due to the changes in the ovipositional} lA«(['nr.n d (S'7,
Oglvie / at al.

The striped and spotted cucumber beetles Acacymma 
Sp undecimpunetata
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vignicola;

1910; Hellmuth 1956; TamvriasLowlings 1977; Petri 1909,
1970; Hagen 1966; Fytizas and Tzanakakis 1966a andet al.

1980; Allen and Riker 19 34;

Kaiser and Vakili 1978) .

Many casual insect visitors to the walnut catkins
are suspected in the transmission of walnut blight caused
by Xanthomonas campestris pv ~iuqlandis (Pierce) Bergey

flies Aleurobolus borodensis andal. The white Met
vaporariorum respectively transmitTrialeurodes West

gummosis of Xanthomonas campestrissugar cane pv
vasculorum (Cobb) Dowson and leafspot disease of geranium
Xanthomonas campestris pv. pelargonii (Brown) Starr and
Burkholder (Dye) (Bugbee 1962, Bugbee and Anderson 1963,
North 1935, Carter 1973).

by insects have also been reported (Lim and

b; Rey 1969; Harrison et al.
Miyazaki'1968; Buddenhagen and Elsesser 1962; Vakili and | 
Baldwin 1966; Buddenhagen and Kelman 1964; Revilla 1967;
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Insect Transmission of Cassava Bacterial2.5.1

Insects have been suggested as possible agents for
In Nigeria,bacterial blight.disseminating cassava

grasshoppervariegated Zonocerusthepopulations of
variegatus were found to be high during the early parts

(Terry 1974). These grasshoppers

moved around infected cassava plants quite freely and
their mouth parts and appendages became contaminated with

Aphids, leafhoppers, otherexudation.bacterialwet
insects and mites have also been suggested as vectors of

and Whooley 1974).(Okpala 1974;the pathogen Lozano
thoseparticularlyDiptera,populations ofLarge

family Muscidaebelonging the have been observedto
colonising infected plants (Nyiira and Otim-Nape 1978).
The most common species observed were Drino spp and Musca

The insects oozingsucked the exudates fromspp.
infected lesions. (1981) observedDaniel et al. and
detected by immuno campestrisfluorescence, X. pv.
manihotis in alimentary canal and feaces of Crysplagria
cupriana, Ischnotrachelus sp and Zonocerus variegatus

of the rainy season
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that had fed on infected cassava leaves of test plants.
They suggested that the insects could be disseminators
of the pathogen.

Nyiira Otim-Nape (1979)(1973) andandCI AT
apparently disseminatesuggested that insectsthe the

bacteria distances mechanicalshort carriersover as
specificrather than Insecticide invectors. spray

Colombia reduced the spread of the disease by 10-14%,
suggesting that the insects are much less important than
rain splash (CIAT 1973) . Daniel et al. (1981) concluded
that the efficiency with which insects disseminate the
pathogen is unknown especially for long distances. They
suggested that there was need for more investigations.
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CHAPTER III

MATERIALS AND METHODS

3.1 Experimental Site

carried Serereexperiments out atAll the were
1°32'N,Eastern Uganda,Agricultural Research Station,

33°27'E stationlevel. Theabove1, 140mand sea
represents a larger part of the short grassland zone of
Uganda, where cassava is most important

soil distribution theGenerally, the pattern on
Station follows the topographical features - sandy soils
on hill pediments leading down to red soils of heavier
texture on remnants of the Tanganyika surface (Ollier and

1959) . dominant soil inThe theHarrop types
experimental fields are
quartzite hill its characteristicandon
profile is as indicated in Table 2.

The soils in exchangable bases and areare poor
frequently less than 50% saturated. The surface soils

inand deficientusually poor of organic matter,are
phosphate. Since they contain relatively small amounts

pediments"
"shallow brown sandy loams over
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Characteristic Soil Profile in Experimental FieldsTable 2.

sub-
70 & over

Ollier and Harrop (1959)Source:

of free sesqioxide, the soil probably have a low capacity
fix phosphates and could be expected to respond toto

phosphatic fertilizers (Ollier and Harrop 1959). The
experimental fields were fertilised with 125kg/ha single
super phosphate before cropping with sorghum (Sorghum
vulgare) the previous season.

The natural vegetation of the area is related to an
association of the broadleaved savanna woodland dominated
by Butvrospermum parkii, Combretum spp. with Hyparrhenia
rufa most abundant in the grass layer.
repeated cultivation, inof the themost trees
experimental fields have been removed and natural

20
45

45
70

Brown sandy 
structures.
Brown sandy
Brown

Description
loam with very weak sub-angular blocky

Depth (cm) 
0-20

loam almost structure less.
sandy loam and sandy clay with weak 

angular blocky structures.
Rotted quartz schist.

As a result of
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filipendulaHyperreniharegeneration has on

maximum,Panicumruf a,andsitesdrier
heavierwith deepersitescylindrica orImperata on

soils.
Mean monthly maximum and minimum air temperatures

18°C respectively.tofrom 27 tovary

A long dry season occursto May and August to September.
from November to March.

Experimental varieties3.2

(4) experimentalThe four cassava
Bintiminti, Bukalasa 8 and Bukalasa 11)(Ebwanateraka,

used in the study were taken from a multiplication block
distributiondiseaseof free materials formeant to

farmers. Cuttings for the multiplication block had been
obtained from plants that had been raised according to
the method (1974)Wholey andof andLozano were,
therefore, free blight (CBB) and thefrom bacterial
African cassava mosaic virus The choice of the(AMV).

theirvarieties basedfor the experiments onwere

favoured
Hyperreniha

varieties ;

and from 17
The mean annual rainfall is between 1114.3 mm to 1270 mm.

SP
It is bimodally distributed with peaks occuring in April

3 3°C
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their relativeandin thepopularity country on

susceptibility or resistance to cassava bacterial blight.
The descriptions of the varieties are as follows:

Ebwanateraka
This is an open pollinated variety of unknown

bacterialsusceptibleis toItparentage.
cassava mosaicthe African(CBB) andblight

resistant the(AMV) but tovirus cassava
tanaloaMononycellusgreenspider mite (GCM)

early maturing, very high(Bondar). It is
yielding and has good tuber characteristics.

Bintiminti:
This is a local variety collected from Ngetta -

isLira district, during the 1930s. It
resistant to bacterial blight (CBB) and the
African cassava mosaic virus (AMV) but is late
maturing; gives average tuber yield and has
good tuber characteristics.

Bukalasa 8 (Aipin Valencia):
This variety was brought to Uganda in 1941 from
Amani, Tanzania. It was brought to Amani from
Brazil. susceptibleis moderately toIt
bacterial blight and the African cassava mosaic
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virus, but resistant to Bemisia tabaci, vector

It is moderately susceptible toof the virus.
isspider mite and latethe greencassava

tuber yield and hasgives averagematuring,
good tuber characteristics.

(F 279) :Bukalasa 11
This variety was brought to Uganda from Amani,

It was brought to Amani fromTanzania in 1941.
It is resistant to bacterial blight andJava.

ismosaic virus butAfricanthe cassava
susceptible to the cassava green spider mite.
It is early maturing, gives average yield, has

quality but tubersexcellent tuber store
poortly in the soil after maturity.

Experimental Layout3.3

The experimental fields were ploughed twice and disc
harrowed once with the DEUTZ-DX 90 The trialtractor.
areas were marked and levelled with a hand hoe to achieve
land uniformity. intrials arrangedAll the were a
randomised replicationsdesign withcomplete block
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eight. Thefourvarying from to non —

experimental areas were planted with cassavajbulk. 
Km — ■—■—*■

cm long and taken from30Cassava cuttings about
disease-free matured stems of each variety were planted

Details of experimentalhorizontally into the ground.
procedures can be found under each experiment.

All the three experiments were designed either
split-plot designs withrandomised complete block or

replicates varying from two to eight.

Experiment 1: Insects Associated with Cassava Bacterial
Blight (CBB)

Stem cuttings of cassava varieties: Ebwanateraka,

in x 5m plots at a spacing of 11
plot 10,000 plants/ha. varietiesTheper or were

arranged in a randomised complete block design with eight
replicates. line CBB susceptible varietyof theOne
(Ebwanateraka) was planted on 5th June, 1985. The line

replicate of the experiment from another. The susceptible

remaining

of the susceptible variety separated and surrounded one

as )

Bintiminti, Bukalasa 8 and Bukalasa 11, were each planted
.^x lm giving 36 plants
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variety was planted 2m away from the experiment and it
acted both as a guard row and as a spreader of bacterial
blight to the test varieties. The experimental varieties

1985 .were planted on 30th June,

On 30th August, 1985, 0.5 ml of a standard suspension
manihotis (ArthaudcamoestrisXanthomonasof pv.

diseasedpreviously isolated fromBerthet) CBBDye

30°C on Difco nutrient agar,28
4th and1977) into the 3rd 5 th(Perraux

expanded leaves of each plant in the spreader rows. The
varieties allowed and developto contracttest were

epidemicbacterial blight from spreader underrows
natural conditions.

Records of CBB blight lesions, insect feeding sites
on blight lesions, the different insect species on both
healthy diseased insect activitiesand leaves and
(mobility, feeding and resting) on CBB diseased leaves

taken thrice i. e.day between 6.30-730were a a.m. ,
12.30-1.30 p.m. The first record wasand 5.30-6.30 p.m.
taken 10th November, 1985 . Subsequenton ones were

were leaf infiltrated
topmost

cassava leaves and sterns^ and incubated for five days at
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repeated on the 10th of every month until 10th May, 1986.

1986 and recordsThe trial was harvested on 30th June,
Specimens ofof yields and yield components were taken.

bacterial blightwithassociatedinsects foundthe
lesions were sent to the Commonwealth Agricultural Bureau

(CIE),EntomologyInstitute ofInternational(CAB),
London (U.K) for identification.

Dissemination of Bacterial Blight (CBB)Experiment 2:
by Insects in the Field

Mollasses and brewers' yeast were used to 'attract’
withplants infected bacterialfrom cassava

blight to plants free from bacterial blight infection.
Dimethoate,A broad spectrum insecticide, used towas

keep certain plots from insects.free These acted as
control plots. Details of the treatments were as
follows:-

Spraying cassava, to drip, with the insecticidea.
in order to keep away insects or mites from the
plants; Dimethoate was used at the rate of 1.00
litre/ha,

insects
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No spraying cassava with insecticide or insectb.

to play itsallowing naturei. e.attractant
role,

mimicwith toSpraying cassavac.
insects from CBB diseased to CBB free cassava;

yeast to mimicSpraying cassava with brewers'd.
insects from CBB diseased to CBB free cassava;

kg/ha was used.a rate of 2.0
Details of the experimental layout is given in Figure 1.

stripreplicate. (Y)represented AEach block one
measuring 5m in width was marked around each block as

Cassava was planted on each strip onshown in Figure 1.
usingspacing of 7 5cm,March, 198611th at a

obtained from Ebwanateraka plants
severely infected with bacterial blight. This strip was

blightbacterialestablish high level ofmeant to
infection acquire thefrom the insects couldwhere
pathogen for dissemination to the treatment plots. The
strip Y surrounded another strip of 6m (Z) planted, on
11th April, maize and1986, with spacedclosely
sunflower. planted at a spacingFour rows of sunflower,

mollasses

a rate of 2.0 kg/ha was used,

Four blocks, each of 36m x 36m, were marked in the field.

cuttings which were
7 5cm x
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ofand fouradjacent to Y30cm wereof rows

were closeplanted at a spacing of 60cm x 30cm,maize,
The maize andC and D.to the experimental plots A, B,

isolated CBB infectedsunflower, being non-hosts of CBB,
from treatment plots A,(strip Y) B,cassava

The plots were established in the centre of each block
from bacterialfreewith

blight infection. They were planted at a spacing of 75cm
after plantingmonth1986,11th May,7 5cm oneonx

that high bacterialin This doneY. sowascassava
with timein coincided when theblight severity Y a

isolating maize and sunflower were flowering. This timing
period coincided with timethe whenensured that a

cassava in the treatment plots A, C and D were youngB,
and at best stage for infection by bacterial blight. The
experiment was replicated four times.

In order to generate good level of bacterial blight
in Y, of plants in Y were randomly5% the

1986, with
0.5 ml of standard suspension bacteriaof thea as
described earlier in Experiment 1.

selected and leaf infiltrated, on 11th May,
on cassava

50cm x

cassava variety Ebwanateraka

C and D.
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of bacterial blight severity­good levelAs ona

reached by 25th Novemberin strip Y had been
the isolating maize and sunflower in Z were cut to

thein order tothat datelevelground exposeon
thenand DB, Ctreatment plots. A,Treatments were

imposed.
andhours before applying DCtreatments

(Brewers yeast) as it was feared the smell of Dimethoate
visiting neighbouringinsects fromwould scare away

The first application of the treatmentstreatment plots.
and this was repeated atwas made on 25th November,1986,

the time when10 day interval until 14th January, 1987 ,
record taking on the experiment was terminated.

Records of CBB lesions, insect feeding sites on the
and the number of different insect specieslesions on

infected with bacterial blight were takencassava leaves
insecthours after the 'attractants' were

applied.

Experiment 3: Potency of Bacterial Isolates from Insects

Insects were collected from diseased cassava leaves
1987 using an aspirator, net or by hand.

Treatment A (Dimethoate) was always applied 6
(Mollasses)

on 9th June,

every three

cassavQ
1986,
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collectedinsectsThe were:

Pyrgomorphidae);centralis (Orthoptera:
Afroeur(Hustache) Coleoptera:castaneipennis

nigricornis (Selman) Coleoptera:
Alticinae;Chrysomelidae:morelleti Coleoptera: a

chloropidae (Diptera); Aspavia albidomaculata (Stal.)
Heteroptera: Pentatomidae; Cautires usambarae (Bourgeois)

(Jacoby)siostedtiPodaqriceHycidae;Coleoptera:
FoticulinaeAnticinae;Chrysomelidae:Coleoptera: a

Drosophilidae;Zaorionus Diptera:(Demaptera) ; sp;
Pentatomidae; and LaqriaHalydichoris sp. Heteroptera:

villosa (Fabricius) Coleoptera: Lagridae. The remaining
eight insects (see Section 4.1.1 and Table 3), previously

associated with infected with bacterialleavesseen
blight, were difficult to find at the time of collection
and were, therefore, not assayed for possible presence
of the pathogen on them.

After bringing the insects to the laboratory, they

species in sample A were placed in test tubes containing
5ml sterile distilled water and shaken vigorously for 30
minutes. One ml. from each tube wasof the wash water

emus
•Chrysomelidae; Scymus

were divided into samples, A and B. Ten insects of each
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One tenthserially diluted three times.pipetted and

of the final dilution was pipetted and plated(0.1 ml)
beef extract 1(Lab-Lemco' yeaston Nutrient Agar gm,

(Oxoid L37) 5(Oxoid L20) 2 peptone gm,extract gm,
Sodium Chloride 5 gm, Agar 15 gm, water 1,000 ml pH 7.4)

times. inoculatedThein petri dishes replicated two
petri dishes were incubated at room temperature. Colonies
of the bacteria on each petri dish were counted on the

Colonies of Xanthomonasthird day after inoculation.
manihotis separated from othercampestris werepv.

bacterial contaminants by comparing them with standard
colony of Xanthomonas campestris pv. manihotis isolated
from cassava bacterial blight lesions and treated as for
the insect isolates.

The remaining suspension from each test tube was
used in inoculating cassava test plants. One half (0.5
ml) of the suspension was infiltrated into each of six

leaf lobe second and third top mostspots of theper
expanded leaves of 3 (Figure 2) ofmonths old plants
cassava variety Ebwanateraka. This was replicated two
times. The inoculation was to confirm pathogenicity of
the isolates. Each inoculated leaf immediatelywas
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transparent polythene bag 250covered with gaugea

(Figure 3) in order to maintain high humidity. After 24
The development of symtoms

pointsinoculatedblight theof at were
observed in an interval of 24 hours.

Ten insects of each species in sample B were caged
into whichflasks fourinto 250 ml flat bottom CBB
vertically insertedblighted leaf lobes werecassava

The top of each flask was covered with a(Figure 4).

bacterial
. At

C

hours, the bags were removed.
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in ordervarying layers to preventofcheesecloth

This was done immediately thetheinsects from escaping.
laboratory and were thereforeinsects were taken to the

not starved. The insects were allowed to feed on the leaf
lobes while their behaviour on the blighted lobes were
observed.

the insects wereAfter feeding periods of 24 hours,
freezer for 2in deepinactivated by putting them a

After this period, the insects were removed andhours.
beakers into whichsterile theplaced into separate

feaces of each insect species were collected (Figure 5).
The insects were inactivated in order to allow ease of
handling. Approximately 0.5 gm of feaces of each insect
species were transferred to sterile test tubes containing
5 ml of sterile distilled water, shaken vigorously and
allowed to stand for 30 minutes. In the case of sucking
insects whose feaces were always watery, 5 mis of sterile
distilled water was pipetted into the beaker, shaken and
allowed to stand for 30 minutes before the suspension was
poured into the test tube. There was one test tube for
feaces of each insect species. After 30 minutes, lml of
the suspension of feaces of each insect species, was
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finalserially diluted three times and 0.1 ml of the

The remainingdilution was treated as described above.
suspension was inflitrated into leaf lobes as previously
described for A group insects.

Statistical Procedures3.4

All the data were transformed into square root (X+l)
The analysis was based onbefore statistical analysis.

PS/2 Model 30doneand IBMMSTATC onwasprogramme
Computer.

the main tool usedItThe was
investigation. The Significantduring the Least

New Multiple RangeDifference (LSD) and the Duncan's
Tests in seperationused of treatmentwere means.

test and the Chi-square test were usedtheHowever,
insect preference bacterialfor forto compare means

blight infected leaves and to investigate the influence
of varieties and of the thecassava seasons year on
preference.

*

"t"

"Analysis of Variance
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Calculations of correlation coefficients were done

theirto investigate the relationship between insects,
feeding sites and bacterial blight lesions, and between
bacterial blight lesions and yield and yield components
of cassava.

randomisedfactorfirst experiment,theFor
split-plot combinedwithdesignblockcomplete over

used in the analysis. Sampling
varieties and time of day represented locations,date,

cassava varieties and time of the day respectively. The
insect speciesof eachanalysis done meansonwas

Similarly, the tests were done on eachseparately.
insect species seperately but were based on the combined
means of six seasons.

The analysis of variance for the second and third
experiment were also based factor randomisedon

combined over
The sampling dates

and the in the main sub-plotstreatments andwere
respectively. the third experiment. oftheFor type

(body surface or feaces) were in the main plotsisolate

complete block designs with split plot 
<7, 

(secondexperiment only).locations"

"two

"t"

"Two

locations" module was
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species ininsect theeachisolates fromwhile were

A similar arrangement was also done for thesubplots.
infectivity tests for the isolates.

the asterisks were used toUnless otherwise stated,
indicate level of statistical significance thus and★

indicate significance at 0.05, 0.01 and 0.001 levels
respectively.
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CHAPTER IV
RESULTS

4.1 Insects Associated with CBB

A total of twenty insect species from seven orders
infected byleavesfound associated with cassavawere

bacterial blight. The insects species and their numbers

presentation of thegives a pictorialAppendix 13 .
their taxonomic details appear in Appendix 2.species;

Total number of insects on cassava leaves infected
by bacterial blight were significantly higher than those

(Table 3).
sampling date throughout the experimental period (Figure
6) .
the distribution of insectsthe the leaveson cassava
(Figures 6 and 7).

Of the insects found associated with cassava leaves
infected by bacterial blight (Table 3) Zaprionus sp and

And,Alleculidae were significantly more abundant.

on healthy ones

on blighted and healthy cassava leaves are shown in Table

Neither varieties nor period of the year affected

They remained so at every



45
Insects species and Numbers on Bacterial BlightTable 3
Infected and on Healthy Cassava Leaves

Diseased leavesInsect species

Data is based on mean of six recordings.

Symploce sp infested the blighted leaves in significantly
lower numbers.

Numerical means for the entire experimental period
showed that the times of day: 12.30-1.306.30-7.30 a.m.,
p.m., or 5.30-6.30 p.m., significantly affected the

2.66±0.10 
1.59±0.09 
1.59±0.11
1.59±0.08
1.54 + 0.14
1.52+0.08 
1.45±0.09 
1.36±0.08
1.33±0.07 
1.30±0.07 
1.30±0.07 
1.22+0.07 
1.16+0.07 
1.16±0.07 
1.15±0.06 
1.10+0.07
1.09±0.06
1.06±0.06
1.04±0.06
0.73+0.07

10.06±0.25 
5.84+0.21 
5.34+0.22
4.69±0.16 
5.12±0.18
4.71+0.17 
5.19±0.17 
4.63±0.17
5.16±0.19 
5.00+0.18 
5.05±0.19 
4.65±0.18 
4.32+0.17 
4.61+0.17 
4.90+0.18 
4.75±0.20
4.67+0.19 
4.80±0.18 
4.51+0.19 
3.73±0.22

Insects on
Healthy leaves

Zaprionus sp 
Alleculidae 
Brunsia occidentalis 
Catantops momboensis 
centralis 
Paederus sabaeus 
Nematocerus 
castaneipennis 
Scymus morelleti 
Dermapteran 
Afroeurvdemus 
nigricornis 
Aspavia albidomaculata 
Halvdicoris sp 
Chloropidae 
Laqria villosa 
Calidea dregii 
Cautires usambarae 
Creontoides pallidus 
Cheilomenes propingua 
vicinia 
Prodagrice siostedti 
Nezara viridula 
Symploce sp
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Generally, significantlyleaves (Table 4 and Figure 8).
infested blighted cassava leaves at 6.30-fewer insects

In general, theassociated with the infested leaves.
species infectedtheinsectof eachnumber onmean

cassava leaves were highest during 12.30-1.30 p.m. than
or 6.30-7.30at 5.30-6.30 p.m. a.m.

I
significantlytime of the alsoSimilarly year

insectnumber of each speciesaffected the the 1on
infected (Figureleaves 8 and 5) .Table Thecassava
number of insect species peaked in January 1986, declined
and reached lower level in March after which they again
increased smaller peak in April. Thereafterto a
population continued to decline until the end of the
experiment.

number of insects species infesting the blighted cassava

7.30 a.m. This was true for all the insects, species found
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Insect species and numbers on Bacterial BlightTable 4
Infected Cassava Leaves at three different times of day.

Insect species

centralis 2.30+0.39c 6.32±0.39 5.44 + 0.39b
castaneipennis 1.91±0.41c 6.64 + 0.41a 5.60 + 0.41b

2.90±0.49c
2.85 + 0.49c
2.82±0.49c 
2.76±0.49b 
2.67±0.47b 
2.66+0.51b 
2.62±0.47c 
2.62+0.43b 
2.58±0.45b 
2.58±0.51c 
2.49+0.47c

6.79±0.49a 
5.71+0.49a

4.32 + 0.49b
4.96 + 0.49b

7.04±0.67c 
3.62+0.47c 
3.51±0.57b 
3.32+0.43b 
3.32±0.57c 
3.09±0.45c 
2.96±0.45c

6.30-
7.30 a.m

12.25±0.67a
6.17 + 0.47a 
7.27+0.57a 
6.19±0.43a 
7.23±0.57a 
5.64+0.45a 
6.82+0.45a

7.10±0.49a 
6.27+0.49a 
5.85 + 0.47a 
4.55±0.51a 
5.93±0.47a 
5.ll±0.43a 
5.81±0,45a 
6.73±0.51a 
7.47 + 0.47a

10.89±0.67b 
5.20±0.47b 
6.75±0.57a 
6.07+0.43a 
5.47+0.57b 
5.10±0.45b 
5.57±0.45b

5.57+0.49b 
5.67±0.49a 
5.37 + 0.47a 
4.00±0.51a 
5.70±0.47b 
5.22+0.43a 
5.55±0.45a 
5.84±0,51b 
4.44+0.47b

5.30-
6.30p.m

Zaprionus sp
Aspavia albidomaculata 
Alleculidae
Scymnus morelleti 
Brunsia occidentalis 
Calidea dregii 
Paederus sabaeus 
Cheilomenes propingua 
vicinia
Nezara viridula 
Afroeurydemus 
niqricornis
Cautires usambarae 
Dermapteran
Symploce sp 
Crecontiades pallidas 
Laaria villosa
Chloropidae 
Halydicoris sp 
Podaqrice siostedti

Figures with different subscript within a row are significantly different at the 1% level according toNew 
Duncan' Multiple Range Test (NDMRT). Data is based on means of six recordings each on four varieties.

Insects at Time of Day
12.30 -

1.30 p.m
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The relative abundance of each insect species on cassava
leaves infected by bacterial blight varied with the time

species in numerical(Table 5) . Broadly,of the year
superiority fluctuated throughout the year. In December,
B. occidentalis, Alleculidae. Symplocea sp , P. sjostedti

albidomaculata showed similar population trend.and A.
Records for January indicated that all but three (Table

populationidentical levels.built Nearly5) had a
uniform decline in population abundance was witnessed in
subsequent months although Zaprionus sp still maintained
a higher population level. Similarly, marked departure
from this trend was observed in Symplocae sp from March
to May (Table 5).

I
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DiseasedActivitiesBehavioural on4.1.3 Insect

Plants

plantsactivitiesbehavioural cassavaonInsect
infected by bacterial blight were monitored (Table 6) .
All the insect species studied seemed to have directional
movements towards the infected cassava leaves. Once an

itinfected leaves,a plant with theinsect landed on
infected leaves.and down until it found themoved up

It then moved to the lesions and preferred to settle on
This was particularlythe lower surface of the lesion.

so with the insects in the order Diptera although insects
also be foundorders could thebelonging to other on

Once the insect was it fed onsettled,lower surface.
Insects such as Chloropidae (Diptera) andthe lesion.

Zaprionus sp (Drosophilidae) licked and swallowedetc.
bacterial exudates or water droplets from the lesions.
Laqria villosa (Fab.); Afroeurydemus nigricornis
(Selman), castenipennis (Hustache)Nematocerus
morelleti, Alleculidae; Paederus (Erichson),sabaeus

7Cautires (Bourg.); Cheilomenes propinqua
vicini (Muisant); Scvmnus morelleti (MuIsand; Podaqrice
s~iostedti (Jacoby) , a Dermapteran, Catantops momboensis
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Table 6.

Insect species
Resting

)

centralis (Jago) Symploce sp and Eulioptera reticulata
chewed parts lesionsof thus creating through
such lesions.

A

I

3.42 + 0.13 
2.50+0.13 
2.42±0.12 
2.24+0.11

2.01±0.11 
1.95±0.11 
1.94 + 0.11
1.91±0.10 
1.89±0.11
1.87+0.10 
1.84+0.11 
1.82+0.10 
1.65+0.12

1.40±0.08 
1.35±0.08 
1.36±0.08 
1.32+0.07 
1.35±0.08 
1.33±0.08 
1.22+0.08

3.48±0.11
1.5 5±0.0 8 
1.38±0.09
1.3 8±0.0 8

1.20+0.07 
1.07+0.07 
1.35±0.09
1.32+0.07
1.34+0.08
1.30±0.07 
1.26±0.08 
1.31+0.09 
1.05±0.09

3.15±0.07 
1.81±0.09 
1.76±0.10 
1.57+0.07
1.61±0.09 
1.38±0.07 
1.53±0.08 
1.68±0.08 
1.36±0.07 
1.61±0.09 
1.38±0.08
1.48+0.09 
1.31±0.07
1.48±0.09
1.47+0.07
1.43±0.07
1.54+0.08 
1.54+0.08 
1.37±0.08
1.07+0.09

i

Zaprionus sp 
Alleculidae 
Brunsia occidentalis 
Scymnus morelleti 
Afroeurvdemus 
niqricornis 
Cautires usambarae 
Halydicoris sp 
Paederus sabaeus 
Podagrice siostedti

Insect behaviour on bacterial blight infected 
cassava leaves

rlit
I ■

J

"holes"

2.15+0.11 
2.15+0.11 
2.13±0.11 
2.ll±0.11 
2.09±0.11 

Aspavia albidomaculata2.07+0.11 
Chloropidae 2.04+0.11
Cheilomenes propingua 
vicinia 
Lagria villosa 
Creontiades pallidus 
Catantops momboensis 
centralis 
Dermapteran 
Nematocerus 
castaneipennis 
Calidea dregii 
Nezara viridula 
Symploce sp

Mean Number of Insects 
mobile Feeding
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The feeding behaviour and sites of chewing insects

reticulata.For instance, E. C.of two types.were
momboensis centralis and L. villosa preferred feeding on
edges of lesions or on margins of wilted leaf lobes. They
created irregular feeding sites Systatesor
castaenipennis preferred feeding of blightcentreon

folded leaf lobes through whichor wilted butlesions
round holes. Similarly,andcreated smooththey

and Afroeurydemus nigricornis,Alleculidae, fed only on
blighted leaf lobesfolded, wilted thus creatingor

perforations on the lobes.

After feeding or when the weather was unfavourable,
the insects either rested on the lower surface of the
lesion or walked away and rested on the lower surface
of other leaves. They also searched, entered and rested
inside wilted and folded leaves or leaf lobes.

.ARCH
A ! XATK'NI 

i !■ 111 ■

"holes".
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Possible Dissemination of Cassava Bacterial Blight4.2
by Insects

insect populationblight lesions,Bacterial4.2.1
and insect feeding sites

andbrewers' yeastmolasses,ofeffectThe
insectnumber ofpopulation,insectdimethoate, on

lesionsblightbacterialsites andfeeding were
I

9) .significantly different (Tables 7

Total insect population, number of feeding sites and
in dimethoatelesions lowestbacterial blight were

in control plots.treated plots than Plots(Rogor)
treated with molasses and brewers' yeast had the highest

feeding sites and bacterial blightinsects,number of
differenceslesions. betweeen molasses andHowever

treated andbrewers' thoseyeast

(Tables 7 9) .

between dimethoate
treated and untreated plots were small and insignificant
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blightbacterialbetweenCorrelations cassava

(r =on blighted leavesinsectsand number oflesions
and insectbetween bacterial blight lesions) .

or between insect feedingfeeding sites (r = 0.858
sites and the total insect population (r = .905
highly significant.

insect feeding sites andTotal insect population,
bacterial blight lesions all showed highly significant
quadratic increase with time although the linear effects
were more pronounced in the increases of bacterial blight

9) . alllesions (Tables For treatments except7
insect populations, and thetotalunsprayed control,

insect feeding sites increased from their lowest levels
in1986 and peaked late December.in late November

Steady decline in insect population and insect feeding
sites were observed after late December 1986. The lowest
numbers were reached at the end of the experiment. The

of the from unsprayed controltwo parametersresponse
were similar but differed by reaching peak levels in mid—
December and in early December 1986 respectively.

0.705**

* *) were
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I

(latethe beginning ofAt
cassava bacterial blightthe number ofNovember 1986)

lesionsnumber ofThehigh.alreadylesions were
They thenincreased and peaked in early December 1986.

declined to a lower level in mid December 1986 and rose
this1986. Aftersmaller peak in late Decemberto a

declined the lowestlesions toofnumberperiod, the
until the end of the experiment. Generally thelevels

similarin bacterial blight lesions toincrease were
those of insects and insect feeding sites but differed

higher in earlypeak periodsby having two onea
December and a smaller one in late December (Table 9).

of bacterial blight forMean percentage
unsprayed control, and brewers 1 yeast
treatments were
(Apppendix 3) . inGenerally, the changes percentage
increase of bacterial blight with time tended to follow

quadratic trend but the linear effectsa were more
marked. The increase in the ofpercentage number
bacterial blight lesions for brewers' yeast treatments
increased from 64.17% in late November 1986 to 96.0% in
early December mid1986. declined untilthenIt

61 <2 /
the onset of,) treatment

increase <sr mollasses---- "
33.43%, 56.64% and 41.19% respectively
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A rise to a smaller peak was reached inDecember 1986.

late December 1986.
levels on 14 January 1986.

in the number of bacterial blightincreasepercentage
steadly declined until mid—December 1986 after which it

andtorose
in mid-January 1989. Those forreached lowest levels

similar trend but at allfollowedunsprayed control a

Potency of Bacterial Isolates from Insects4.3.

4.3.1 Abundance of CBB Isolates from Insects

coloniesTable 10 shows of campestrisX. pv
manihotis isolated from body surfaces and faeces of
insects associated with cassava bacterial blight lesions.

I

Later it declined and reached lowest
For mollasses treatments, the

yr- imollasses or brewers' yeast.
times the percentage increases were lower than for either

a peak in late December and later declined
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Table 10.

Colonies of X. campestris pv manihotisSources

0.00±0.00
8.82 + 0.06

X. campestris pv manihotis were isolated from feaces
But isolatesof all the insects tested. from the body

surfaces were obtained from 8 species only (Table 10).

pathogen isolated from theThe population of the
feaces and body surfaces (exoskeletons)

Sterile distilled 
water (control) 
CBB leaf isolate 
(standard)

0.79+0.06 
0.62+0.06 
0.46±0.06 
0.29±0.06 
0.13±0.06 
0.08±0.06 
0.00±0.06 
0.00±0.06 
0.00±0.06 
0.00±0.00

6.25±0.06 
3.34+0.06 
4.12+0.06 
3.3 5±0.06 
3.70+0.06 
0.47+0.06 
3.17+0.06 
4.36±0.06 
2.64+0.06 
2.48+0.06

3.52+0.08ij
1.98+0.08cdfghij
2.29±0.08cdfg
1.81±0.08cdgh
1.92±0.08bcd
0.27±0.08ab
1.58±0.08cdf
2.18+0.08cdfghi
1.32+0.08ac
1.24+0.08cdfg

Body surfaces
2.01±0.06
1.0 2+0.0 6

Mean
0.05±0.08ij 
2.60±0.08fghij

Feaces 
4.09 + 0.06
4.18 + 0.0 6

Insects
A. nigricornis 
Dermapteran 
C. momboensis 
centralis
L. villosa
N. castaneinennis 
Zaprionus sp
P. siostedii 
Halydicoris sp
S. morelleti 
Chloropidae
A. albidomaculata 
C. usambarae

(xlO3) 
body

manihotis
of insects

Figures within columns followed by different subscripts are significantly different at p < 0.01 according to 
Duncan's Multiple Range Test (DMRT).

Mean colonies (xl0°) of X campestris pv. 
isolated from body surfaces and feaces 
associated with CBB lesions.

of the insects
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Although statistically the differencesinfected lesions.
isolatesbacterialof werebetween the sources

replicates)(2numbersampleinsignificant, the was
clear indicationThere is however,unreliably small. a

that the populations of the pathogens in the feaces were
higher than those on the body surfaces of the insects.

nigricornis andstudied,insects A.Of the
Dermapteran carried a significantly higher X. campestris

their body surfaces.population on
isolates fromcampestris pv.

centralis significantlymomboensisfeaces of C.

feaces of any other insect.higher than those from the
There were no significant differences between the number

pv. i manihotis coloniesof campestris from bodyX.
momboensis centralis,surfaces of C Dermapteran, N.

castaneipennis villosa;and between those fromL. or
feaces of A. nigricornis, Dermapteran, N. castaneipennis,
Chloropidae, villosa, Cautries usambarae,L. S.
morelleti, Zaprionus sp and A. albidomaculata.

manihotis/ '
i 

were

were significantly lower than those from bacterial blight

pv. /Llmanihotis 
n?

Similarly X.
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4.3.2 Infectivity of Isolates

campestris pv manihotis from feacesIsolates of X.
P. sjostedii,of chloropidae, Zaprionus so. S . morelleti

body surfacesandboth feacesand fromusambareC.
niqricornis, A.A.(exsoskeletons) of Dermapteran,

momboensiscastaneipennis, C.albidomaculata, N.
(Lozano andvillosa produced typicalcentralis

The symptoms started assymptoms on cassava (Figure 9).
pinpoint watersoaked angular areas on the lower surface

These watersoaked points gradually expandedof the leaf.

The spots enlarged into blight and covered larger areas
lamina. affectedof the The leaves graduallyleaf

yellowed, dried and dropped off from the plant, 40±2.5
days after inoculation.

and L.
C'v 'A'*’Sequeria 1974; Karaite and Meyer, 1975) bacterial blight

with time, and became visible on the upper leaf surface.



: Symptoms of cassava bacterial

of cassava leaves by isolates from

The control(exoskeleton) or feaces of insects.

spots expanding

Blight after inoculation

either bodysurfaces

(a) shows needle pricks at points of inoculation. 

Fig- (b) shows leaf spots exoandino into blights.

I
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fromby isolates,(14.5 days) takenThe periods

(5.5 days)blight symptoms were much longer than those
(Table 11).from bacterial blight lesionsby isolates

These periods also differed very significantly (p = 0.01)
I

insects isolates and between isolates from partsamong
manihots isolates fromcampestris pv.of an insect. X.

centralismomboensis and N.villosa,Lagria C.
castaneipennis took significantly longer periods (16.25

14.75 days respectively) to develop15.00 days,days,
bacterial blight symptoms than did those from any other

These periods were also significantly differentinsect.
isolates from body surfaces and fromwith respect to

insects. Those from body surfacesfeaces of the same
took longer time (22.5, 18.5, 18.5 days) than those from

(10.50,feaces days) insects.11.50, 11.0 of the
Similarly isolates from feaces of morelleti,S. A.
albidomaculata, sj ostedii followed by C. usambaraeP.
and C. momboensis centralis took significantly more days
to develop bacterial blight symptoms compared to those
from feaces of any of the other insects.

feaces and body surfaces of insects, to induce bacterial



Scalding of cassava of
isolates from body surface ofleaves by a

(F orticulidae) fiveDermapteran, aftet
inoculation.

Fig. 10b • Scalding and after

body

after(Forticulidae) days

-

A
days

Dermapteran 

inoculation.

leaves after inoculation
Fig. 10a

tattering of cassava leaves

noculation of the leaves by isolates from 

surface of



CHAPTER V
DISCUSSION

Insects Associated with CBB5.1

Insect preference for cassava leaves infected5.1.1
by bacterial blight

Insects associated with cassava plants infected with
ninethis study,diverse. Inblightbacterial are

Dipterans, twotwofive Heteropterans,

fourspeciesand cassavaonwere
varieties screened for susceptibilities to CBB. Such a

insects,thatinsectsdiverse of suggest mostgroup
may infestparticultarly those in the orders recorded,

cassava plants infected by bacterial blight.

significantly high number insects theThe of on
infected leaves throughout the period of thecassava
experiment blightstrongly insect-bacterialsuggests

that insects preferred 'association. It also suggests
the infected evidenceleaves healthy Andto ones.
indicate that this preference is neither influenced by

Colepterans, 
Orthopterans and one each of Hymenopteran, Dictyopteran

Dipteran species were recorded
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(1974,theof Terry­host varieties seasonsnor
1978), Lozano (1975) and Nyiira and Otim-Nape (1978) also
found increased insect infestation of cassava leaves and
plants infected by bacterial blight. Lesions of bacterial
blight Xanthomonas campestris pv. phaseoli, X. campestris

phaseoli var fuscans, X. campestris pv. phaseoli f.sppv.
Vakili, 1978) andand(Kaiservignicola of beans

offruits, heart rotsinflorescence,collapsed
and Lowlings,chrysanthemi, (LimErwiniapineapples,

for thesimilar The1977) elicited reasonsresponse.
insects preference for bacterial blight infected cassava

Hasanali a^LB) instill unclear althoughleaves is
personal communicatin suggested that the insects may be

infected leaves and lesions byattracted theto
kariomones emitted from the lesions.

The sheer number diversityand of the insects
associated with cassava leaves infected with bacterial
blight suggests that the attractant is not specific. The
search for this attractant must therefore be diverted
towards a non-specific resource which may not necessarily

be kariomone in althoughnature thinksa
otherwise.

year1.

Hasanali y
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(Stewart 1913a;
and Daniel et19791973;1923 ;Rand Carter,

1942 and Daniel
and various bacterial diseases of plants1981)et al.,

association betweenNevertheless,have been reported.
and Heteropterans,diseasesbacterial plant

insectand DermapteranDictyopterans
(Kaiser and Vakili 1978;notwas

Buddenhagen and1962 andand
1967) .

for sure generalize that all the twentyWe
odd insect species found associated with diseased cassava

For example, Zonocerus varieqatushost disseminate CBB.
which has been implicated in the dissemmination of CBB
( Daniel et al. ,1981) is indeed a pest of cassava. Thus,
the interaction of the two Orthopterans (E. reticulata
and C. momboensis centralis) with cassava hosts may be

as well be true for other insect species whose roles were
never explicitly investigated during this study.

C&.'r :■■■

cannot

discernable
Elsassers,Buddenhagen op

Kalman 1964 and Revilla,

Hymenopterans, 
species

1979; Lim and Lowlings,
5/’ 1973), Orthopterans (List and Krutzner,

Associations between coleopterans
SP Kleopper,

al., 1981), Dipterans (Kleopper,

as a resource, or to cassava as a host plant. This might
viewed from two stand-points: the visits for CBB lesions
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exploit thewhich twospecies resourcesInsect

in theinterestspecialbe ofconcurrently may
While it is true that the principalepidemiology of CBB.

of CBB dissemination is through defication (Tablesway
10 and 11), bacteria lodging in the buccal cavity of such
phytophagous insects may immensely augment infection. For

insects,with theinfestedhost plantscassava
hostphysiological impact on the more

deleterious compared to the species which exploit cassava
yieldConsequently,in theonly of ways.one

of resource exploitation.

The significantly high number of insects on cassava
leaves infected by bacterial blight at 12.30-1.30 p.m.
is expected. This period is the warmest time of the day
in are high. And warm
temperature (Dunn and Wright
1955 , Cooke 1963, Campbell and Mackauer 1975, Hutchinson
and Hogg 1984). In a number of instances, the residual
effects of temperature were obviously extended late in
the evening (Table 4) especially in the relatively drier

(Figuremonths 8) discussed below. Early morningas

I
II

such
plant could be

two 
differentials may accrue from such simple partitioning

the tropics when temperatures
favoures insect activity
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insectthatlow temperaturea .m. )(6.30-7.30 ensures
Insect activity isa minimum.activity is reduced to

transmission.diseasewithcorrelatedbeto
found lowest and highest insect(1979)

transmission of Erwinia carotovora var carotovora and E.
carotovora var atroseptica during the periods 6.00 a.m.-

and 12.00 -10.00 p.m. respecively.4.00 p.m.

BlightedTemporal Activities of Insects5.1.2 on

Cassava Leaves

time ofsignificant effect ofThe mostyear on
isinsect infesting blighted leavesspecies cassava

suggestive of environmental influences.

studies the dynamicsSeveral ofon

Smith and Hagen 1966, Clark
Pass and Parr 1971). In the present study

two peaks for most of the insect species, a major one
in January and smaller in April 1986,a one were
observed. Examination of the weather data (Figure 11)
and bacterial blight lesions study periodfor the

insect 
populations have reported peaks depending on seasons (Dun..,,

C\c '3s

known
Kleopper et al

and Wright 1955, Cooke 1963,
’ et al. 1967,
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for most(December-May) revealed that population trends

thegenerally corresponded tospeciesof insectthe
pattern of rainfall. The favourable rainfall during these
periods could have stimulated more cassava leaf growths
which in turn offered more infection sites for bacterial

increased bacterial blight lesions mustblights. The
attracted more insects and had a positivehave, in turn,

influence on their survival and reproduction. The higher
and lesions (McKee 1962) ofnutrient value of leaves

plants during favourable rainfall can have a positive

insects Southwood 1978).(McNeill and
(1988) recorded highest counts of Pineus pini Macquart
and Leucopis Holiday timesobscura highofat
precipitation, and low number of H. pini and L. obscura
were recorded at times of reduced rainfall.

I

influence on survival and reproduction in phytophagous
Culliney et al
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It is nevertheless difficult to tell whether the two

from a single(January and April)sub-populations are
suggested that when a(1967),Clark et al.generation.

two or more
They addedgenerations of a species may occur each year.

that the numbers in the first generation may rise rapidly
early asymmetrical peak while the ovipositionalto an

period of the second generation may be longer than that
symmetrical peak ofshowof first and maythe

in the study mayobservedpeaksnumbers. The two
suggest different generations of the insects.

steady decline in the number of most of theThe
insect blighted thespecies leaves as seasonon
progressed due the effect of Theto cropwas age.
experiment planted 10th 1985 . And, byJunewas on
December when the first record was taken, the crop was
already 6 months old. This is the time when the crop had

lot of leaves (Cock et thereforea
increased opportunity for infection.CBB After this
period,

(Cock et al., By
the crop was

al., 1979) and

a more

favourable season for development is long,

the crop became more matured and lost more of 
A 5'.r' *<• . S to OcSfC**/ r • ■ -

its leaves (Cock et al., 1979 and Veltkijnp, 1985).
the end of the experiment - 10 May 198$,
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lot of itshad matured and lostold,twelve months a

The changes in foliage could have affected theleaves.
number of bacterial blight lesions which in turn affected
the number of insects which visited the infected leaves.

Differential responses observed on some species e.g.
B. occidentalis and Zaprionus

explain due thetodifficult(Figure 8) tosp
And yet this departurepreliminary nature of the data.

appears to be
insect community on blighted cassava.

insects with blightedassociation ofThe cassava
leaves possible role of insects in thesuggests a
epidemiology of cassava bacterial blight. The mode of
insect transmission of nevertheless not fully
investigated in this study. in Zaire (Maraite andBut
Meyer 1975) and Congo (Daniel et al., 1981) infection of

by bacterial blight always originated fromcassava
injuries and madepunctures principally by
Pseudoteraptus devastans and Z. variegatus respectively.

Alleculidae, Dermapteran,
IS

5.1.4 Insect Beavioural Activities on Diseased Plants A

an important aspect of the ecology of the

CBB was
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andof beansbacterial blightRico,And, in Puerto
frequently were associated with insect feedingcowpeas

It is likely that(Kaiser and Vakili 1978).inj uries
surfaces andbodylesions, thewhile feeding on

insects may becometheofalimentary canal and feaces
The pathogen may thencontaminated with the pathogen.

be disseminated as insects move from plant to plant. The
and bacterialinsectsthestrong correlations between

blight lesions (r = 0.71
strongly support the above)feeding sites (r =

inference and emphasize the possible role of insects in
the dissemination of the disease.

probably non-specific in nature.

i

The observed directional movement of insects towards 
lesions appear to be mediated by stimuli eminating from

0.9**
**), and between the insects and

the lesions. Andras alluded to earlier, these stimuli are



81
BlightBacterial byofDissemination5.2. Possible

Insects

The effects of insect attractants and dimethoate5.2.1.
on bacterial blight lesions, insect populations and

feeding sites.

in insect populationThe on

cassava treated with mollasses and brewers' yeast clearly
insectsattracted fromindicates productsthat the

(spreader plants infected by bacterialinoculum sources
This population increaseblight) test plants.to was

inincreasemagnitude ofsimilaraccompanied by a
bacterial blight lesions, suggesting that the immigrant

the disease.insects were actually vectors of Further
evidence significant correlationbyborne outwere
between (i)
sites (r = ) , (ii) insect population andtotal

) and (iii) feeding
sites and bacterial blight lesions (r = 0.86

significant increase

total insect population and insect feeding 
y

0.91**

**) .

bacterial blight lesions (r = 0.71**
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(mollasses and brewers' yeast)this set of experiments
provides an important clue towards the understanding of
the ecology of this disease.

Whether the insects initiate bacterial blight or
they are attracted by bacterial blight is also unclear.

been observed that bacterial blight infectionsIt has
insects bymade byinj uriesalways fromstart or

Feaces of insects have been observedmechanical means.
likely that initially theisleaves. Iton cassava

get attracted to bacterial blight lesions butinsects
a good number of lesions have been generated, theonce

disseminateinsects visit andcontinue them theto
pathogen.

Dimethoate reduced but did not completely eliminate

the insects visiting the plants. however,Its use,
enabled a satisfactory estimation of the role of insects
in the dissemination of bacterial blight under natural
conditions (Tables 9) •7 also indicatedIt the
potential for the use of insecticide in minimizing the
spread of the disease by insects. Any programme aimed at

Although the attractancy of CBB is yet uncertain, 
A?
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ofbypopulation usereducing insect cassavaon
oftheofreduction rateinresultinsecticide will

Nevertheless it should also bethe disease.spread of
this disease alsoepidemiology ofrealised thethat

rainsplashandwindsuchinvolved factorsother as
and therefore the disease1974b)(Lozano and Sequeria,

intensity witnessed in Dimethoate plots could have been
Without recourse to insecticidaldue to these factors.

it is possible that between 35.6-56.6% ofintervention,
CBB infection may be effected by insects alone (Appendix
3). This estimate nevertheless is in sharp contrast with

(1975)(1973) , (1974) andthose of LozanoTerryCI AT
which ranged from 10-14%.

Indeed ecology ofthe be fullyCBB notmay
appreciated without cognizance of host plant phenology.
Thus insect population increase observed in this study

explainedpartly by the phenological events

7host plant physiology and insect population was evident
throughout the study period (Figure 8; Tables 5, 7, 8 and
9) .

■

may be
occuring during the experiment. A clear linkage between
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5.3 Potency of Bacterial Isolates from Insects

The implications of the present study are important
in understanding the epidemiology of cassava bacterial
blight. This

insects carry and disseminate Xanthomonas campestris .some
and body surfacestheir feacesthroughmanihotispv

(exoskeletons).

disseminate theinsects andAlthough the carry
pathogen through their feaces and body surfaces, they

lower pathogen population than those found in
Theselesions bacterial blight.infected with

differences, particularly those from feaces. may be due
the pathogen asto a

result of adverse environmental conditions. The
bacterial inoculum carried the exoskeleton ofon
naturally infested insects or present in their feaces is
probably reduced quickly low levels throughto
dessication or exposure to ultra-violet radiation (Kaiser

and Vakili 1978) . Apparently a similar high mortality

study has undoubtedly demonstrated that

The finding agrees with works of Kaiser
and Vakili (1978), Graham et al. (1976), Harrison et al. "x'-— c/p.
(1977), Phillips (1977) and Tamini and Brandfield (1979).

a reduction of the population of

carry a
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bacterial plantotherofcellsthealso onoccurs

(Leben 1963,pathogens on the surface of plant tissues
Scuster and Coyne 1975).1974;

thattend suggeststudy toof theresultsThe
in whatanddetermine howfeeding behaviour toseem

disseminate theandinsectquantity carrymayan
andapparently carryLeaf-chewing insectspathogen.

disseminate the bacteria both on their body surfaces and
so in theirtend to dofeaces while leaf sucking ones

This difference may be due to the fact thatfeaces only.
not normally pests of cassava but they

It is mostwalk and feed on bacterial blight lesions.
cells of the pathogenlikely that during this process,

lodge on the appendages and mouthparts of the insects and
from oneget disseminated as leaf or

In addition, these insects ingest theplant to another.
bacteria as they feed on bacterial blight lesions. The

the ingested bacteriadata that ofmostsuggest pass
unaffected through the alimentary system of the insect
and are excreted in the feaces. It is likely that the
feaces further protect the bacteria from dessication and
from ultra violet radiation during adverse weather

the insects move

the insects are
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conditions and ensures their survival until favourable

This fact may explain why the Icondition for infection.
population of the pathogen tended to be higher in the;
feaces than on the body surfaces of the insects.

How the ingested cells of the pathogen pass through
digestivetheunaffected byinsectthe of theguts

the insects need further investigation. Aofenzymes
betweenthatsimilarrelationship tosymbiotic

(Gmelin)fly Dacus oleaethe Olive fruit
Tzanakakis 1966a, b andFytizas and1963 , 1966; c;

Fytizas 1969a and b and Rey 1969) may be possible.

the population of X.to other insects,Compared
campestris pv. manihotis were higher on body surface of
A. niqricornis. This difference is probably due to the
insect's ecological feeding behaviourand on cassava
leaves infected by bacterial blight. niqricornis isA.
a small brown and ovalish beetle that likes hiding itself
and feeding folded leaves infected by bacterialon
blight. It is likely that this constant association with
bacterial blight lesions exposes the insect to a lot of

Pseudomonas sevastanoi - casual agent of Olive knot, and
S<vTa-S >'fee UM<<> 

(Hagen et al
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in foldedHidingpathogen.thewithcontamination

adverseit fromprotectsinfected alsoleaves
environmental conditions and ensures high survival of the
pathogen on its exoskeleton.

Similarly the high population of the pathogen in the
themay be duemomboensis centralis tofeaces of C.

insect feedsTheinsect.thefeeding habit of
voraciously (unpublished, personal observation) on large

consequentlylesions andblightbacterialofareas
Its feeding habit enables it toexcretes bigger feaces.

The biggeringest high proportions of the pathogen.
protection thefeaces offer bettercould also to

the alimentarybacterial in them. Furthermore,cells
of insect could have ensured that thethesystem

bacterial cells of the pathogen passed through it with
as little destruction as possible.

Development of symptoms varied with the source of
isolate (Tables 10 and 11) . Probable differences in
pathogenic load of the various isolates may explain this
anomaly. This has important bearing of theon one
cultural strategies of pest management, namely delayed
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1976). Under this scenarioplanting time (Stern et al,

availability of inoculum source is obviously spread over
increasing the potential forlonger time thus

disease acquisition by individual insects that would have
This isopportunity dootherwise missed the to so.

semi-perennial offurther by the natureexacerbated
cassava.

II

a much



CHAPTER VI
SUMMARY AND CONCLUSION

One of the main requirements in the control of plant
diseases is an adequate knowledge of the epidemiology of

This necessitates an indepth understandingthe disease.
Insects haveof each of the factors in the epidemiology.

some bacterialbeen implicated in the epidemiology of
1975;Maraite and Meyer,1915;blight disease (Amaral,

1978). In this thesis evidence isNyiira and Otim-Nape,
presented on the role of insects in the epidemiology of
CBB.

Twenty insect species from seven orders were found
associated lesionswith bacterial blight on cassava
leaves. Such associations enhanced by warmerwere
weather. Lim and Lowlings (1977) and Kloepper et al.
(1979) also observed large species of insects associated
with collapsed pineapple fruits and blacklegpotato
diseases respectively. As already hinted throughout this
thesis, such a large group of insects certainly do have
important implications in the ecology of CBB. This is to
be expected because afterall the
vectors of plant pathogens depends on insect numbers and

success of insects as
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But this1962).(Buddenhagen and Elsessers,activities

viability andabundance,thebybe backed-upmust
andfrequencytheandpathogenvirulence theof

susceptibility of tissues for infection (Buddenhagen and
The later aspect of CBB epidemiologyElsessers, 1962).

demonstrated by the results of the experiment whichwas
showed diffential virulence of CBB isolates: speculated
to be due to differences in pathogen load (abundance).

theWith the exception of C. momboensis centralis,
found associating with blight lesionsinsects

at best, .1981). Thus(Daniel et al. ,
CBB lesions signify commensualtheir attraction to a

relationship. Unfortunately, the cassava does not benefit
from this relationship due to the fact that in the course
of the association the insects disseminate the disease
to healthy plants and leaves. The relationship ensures
that the insects in withtouch the diseaseget and
acquire the pathogen.

The contribution of insects to the epidemiology of
CBB as deduced from the data at hand shows unexplainable
discrepancy with earlier estimates (CIAT,the 1973;

■

pests of cassava
are not
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Terry, 1974 and Lozano, 1975) which suggest insignificant

in the dissemination of the disease.roles of insects

Indeed the role of insects in theplanned investigation.
epidemiology of CBB could be profound when we consider

the induction of the disease in ah; isolated and healthy

cassava fields. Although;ordinarily, the pathogen could

rainsplash, infected materials,be transmitted by wind,

plants, thevolunteerdebris andseeds, planttrue
scenario given above rules out their roles and leaves

initiating initialforinsects the sole vectorsas

fields. This indeed is a controversialinfection in such
proposition given that most of the insects associating
with blighted cassava leaves are actually not pests and
therefore can not cause mechanical injuries through which

infections. We however note that Xanthomonas campestris
pv manihotis ,

this condition,
from feaces (Tables 10 and 11).

UM

on cassava leaves and cause infection during favourable

the major source of pathogen would come

the pathogens can gain entry into the plant and cause

the CBB pathogen, can survive as epiphyte

conditions (Daniel and Bohr, 1978; Persley, 1978) . Under

Nevertheless, the discrepancy must be resolved in a well
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importantextremely tobecomesitConsequently

of bacterial blight inoculumreduce potential sources
rate of dissemination of the(Kleopper, and the1981)

insecticideapplication ofdisease. Although the

(Dimethoate) did not completely eliminate the insects and
bacterial blight infections, its use however reduced the

insects and the subsequent bacterial blightnumber of
lesions to low levels. Maintenance of a reasonable insect

would therefore help reduce thetocontrol programme
field. integratedlevel in the Anof diseasethe

rotation, ofapproach combining the of usecropuse

resistant plantingbacterial blight-freevarieties,
destruction volunteer plants instems, of cassava

neighbouring destruction isolatedof infectedareas,
plants within the field, and the implementation of a
practical insect control programme could reduce bacterial
blight in Uganda to a low level.

■
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Appendix 1

Insect Codes Insect Names

1ZZ Creontiodes pallidus
<■>

2 Lagria villosa

3 Eulioptera reticulata

4 Alleculidae

5 Asp avia albidomaculata

6 Scymnus morelleti
91

Chloropidae7

8 Paederus sabaeus

Zl Nematocerus castaneipennis9

Afroeurydemus nigricomis10

Catantops momboensis centralis11

Halydicoris sp12r;
Brunsia oocidentalis13

Zaprionus sp14

Dermapteran15
Poo-agrice sjostedti£ 169

Cheilomenes propingua vicinia17
Symploce sp18

Nezara viridulaI ■ ■ 19
Gautires usambaraeI 20

21

I ■ ■
8
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