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ABSTRACT

T~ _ 'leat am 1fiimp spot d-°sfiai‘c uf 7toUS AiSC

.ef. @ Fit"1€ S\*[yroAP . 1SO- IC 1 SOtis6 to
Kenva. The causal agent 1is identified as Fhaeoramularia
P jo lens s. The disease has assumed epidemic levels in

Wests* t Kenya and 11t is a matter of time for it to
spread to all Citrus produc ing areas 1in the country .
The control of the disease lias been difficult and
termers fale expressed rear that tne fungux n«ay r*
resistant to fTungicides. The isolation of the fungus
was reported to be difficult, and 1in culture the fungus
was said to speculate only in media containing an

extract of Citrus leaf and fruit peel.

The objectives of tins study were to isolate and
elicit acter ise the causal agent of the leaf and fruit spot
disease, determine the most favourable conditions for
growth and speculation of P. angolensis, and to carry
out 1in vitro tests on the response of the fungus to

selected fungicides.

Field surveys have shown that the disease 1is severe
on all species of Citrus growing 1in Trans-Nzoia
district, 1it. was Tfound that the disease occurred 1in
epidemics whose severity coincided with heavy ta:ins “lom
August to December. Random sampling 1indicated that

6n n% of all fallen leaves and 1uOA of the dropped
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Morph i iogioal characteéristics of the fpngijs from
nrally allg arteticlally infected plants, and axenic
cultures, showed that this <fungus belongs io the genus
Phaseramu 7a>/a. However . from the 1"terature, the
distinct ion between the genera Phaeoramularia and

Phaeoisariops s is difficult and requires a taxonomic

reappraisal.

Isolates of p. angolsnsls were tested for
Pathogenecity on disease tree Citrus seedlings. An
inoculum from two week old solid cultures produced
typical disease symptoms on young Citrus plants.
Lesions developed slowly, taking almost seven months for
definite necrotic lesions to be formed from the time of
inoculation.

Growth in [liquid media was more than 1in solid
media with a mean difference of 17% + 3 The Orange
leaf extract gave more growth than other media ( viz,
Tap water, Potato dextrose , Cornmeal, Potato carrot),
mean difference 25% + 15 . Sparse sporulation was
observed on all solid media amended with dextrose. No
sporulation was observed in media without dextrose,

iiquid redia and in solid ¢C 1lures more than iwo weeks

Giow il -ur red belweefl Gw30°C w1lth the outimum at



Or _ £0'v. The fing.3 "4L-over a rYcifi 0T gH A tH G
Wi ' fli= mum growth occurn g ag initial Q1 Of ° t0 6
The best mycel.al growth was obt:ained in cultutes
. Hrjbated in conitinuoLis whlle liglit.

In \/tro tests w"th Copper C,ycb.oride (5i

KOC\de .01 1 CopPer Wvit ide, 501wd , A0fracol

(P-"Opi neb 70%WP) and Tllhaoe M45 (Maneezeb :...., showed
tliat these fung.cides were effective in ..--:Ng spore
germi nat ion . However, Koc ide 101 and Copper® Oxychlo, ide

were not effective against mycelial growth, but Antrace i
arid Dithane M45 were. Their- differential effects on
mycelial growth was significant P<0.05, although the
difference between Kocide 101 and Copper Oxychloride,
and between Dithane M45 and Antracol were noz
significant. The LD™ for Antracol and Dithane M45 was
found to be less than 10pprn and that for Copper

Oxychl or ide and Kocide 101 more than 3000 ppm.



1.0 INTRODUCTION

1.0 Background to the problem

Tne Citrus originated in North-East India.
Burma and in the adjoining areas. They spread from
India to the Medi terranean regions and the rest of the
world (Opeke, 19S2). Though grown all over the tropical
areas, commercial production of these fruits Iis
concentrated in subtropical countries mainly with
med Tter ranean type of climate. Tropical countries like
Kenya produce only a small quantity for the local market

(Ticho, 1972).

The genus Citrus belongs to the family Rutaceae
which contains approximately 150 genera and nearly 2,000
species. Citrus contains about twelve species and many
hybrids (Perry, 1987). Most of the cultivated species
of citrus are fTound 1in Kenya. These are: Citrus
sinensis Osbeck (the sweet orange) , C. iimoni Burm
(the 1lemon), C. aurantifolia Swingle ( the 1lime), C.
aurantium L. (the sour orange) and C. reticulata Blanks
(the tangerine) (Watt, 1962). C. sinensis is the most
common and popular species grown in many parts of Kenya.
Coast and Rift Valley provinces with over fifteen
thousand hectares are the leading producers of Citrus.
Western, Central, Nyanza, North Eastern and Nairobi

provinces have a total of over five thousand hectares
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Production and imp roved gua'! ity have ,
notwithstandmg. never been sufficient to meet the local
demand. Tne government in collaboration with FAO made
considerabls efforts to expand and supply the home
market with high grade Citrus both for fresh consumption
and for processing. Plans were made to 1increase
hectarage by 300 hectares in the Rift Valley and Eastern
provinces. Stage two of the plan was to see a further
increase by 800 hectares 1iIn the same areas. Such an
increase 1in hectarage was expected to produce 30,000 -
35,000 tons of oranges . Statistics show that although
there was increase in hectarage, there has been a
dramatic drop in the sweet orange production over the
period 1988-1989. In North Eastern province, as
hectarage 1increased by 4%, production dropped by 19%.
In West Pokot district, hectarage expanded from 97.7 to
106 hectares, but production dropped by 34%. This drop
was attributed to diseases and pests. ( Ministry of
Agriculture Annual Reports, 1988-1991 ). Production of
sweet oranges in the cooler Western and Central
provinces has been curtailed mainly by the greening
disease caused by a virus. A new leaf and fruit spot
disease caused by Phaeoramularia angolensis has
aggravated this production drop and worse consequences
are expected if measures to curb the spread of the

disease are not taken soon.



1 Literature review

Tre ”~orm genus Phaec-rantula>ia belongs to the form
fami y Stilbellaceae of form c Bass Deuteromycetes (
Ale>.opo mlous , 1979 ). It 1s character ised by effuse,
onvaceous brown, often velvety colonies. Mycelia
mostly 1immersed, stroma small. Conidiop hores
macronematous, mononematous, caespitose, unbranched or

loosely branched, straight or flexous, pale olivaceous

brown, smooth and cicatrised. Conidiogenous cells
polyblastic, intergrated, terminal becoming 1intercalary
or occasionally discrete. Com dia sympodial , 1in

branched or unbranched chains, acropleurogenous, simple,
cylindrical with rounded ends, ellipsoidal or broadly
fusiform, hyaline or olivaceous brown, smooth with 1,2

or several transverse septa ( Ellis, 1971 & 1985 ).

Species of Fhaeoramularia are pathogens to a
wide range of plant hosts such as those in the families
Compositae, Solanaceae, Anacardiaceae, Convolvulaceae ,
Cucurbitaceae, Euphorbiaceae, Leguminosae, Rubiaceae,
Sali caceae and Vitaceae ( Ellis, 1971 ). The form-
species P. angolensis, the causal agent of the brown
leaf and fruit spot disease of Citrus, 1is the only
reported species of Phaeoramulan a on hosts 1in the

family Rutaceae.

The brown Ileaf and fruit sport disease of Citrus

has been reported in Nigeria, Zambia, Zimbabwe, Angola,
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verme™™  ( Kirk, 1986 ). In Nigeria the causal agent of
the disease was initial 1> identified as Septana citri
which is the causal agent of Septona spot. Later on,
't was 1icent!tied as Xanthomonas citri a bacterium known
to cause Citrus canker. In 1979, the disease became so
severe that closer attention was given to 1its precise
identity arid etiology. The causal agent was then
identified as a species of the genus Phaeoisariopsis (
Emechebe, 1980 ). However, Kirk ( 1986 ) described a
similar fungus as Phaseramularia angolensis citing
Cercospora angolensis as a synonynm. Secondary
metabolite studies carried out on Phaeoramular?a
angolensis 1isolates from Kenya seemed to suggest that
the fungus could actually be a species of Cercospora

(Siboe , 1989 ).

Phaeoramulan a angolensis 1is reported to cause
necrotic lesions of light to dark brown, surrounded by
yellow haloes on the leaves. Lesions on the fruits are
reported to be brown in colour with a blistered
appearance. The centers of the lesions are said to
appear dark brown due to production of synnemata, 120-
240 um long. Conidiophores arising from a large stroma
are described as macronematous measuring upto 240 um
long. The conidia are cylindrical, acropleurogenous,

catenulate, pale brown to hyaline, o0-4 sep”a”e, a fTew
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.3 Rationale

Emechebe (1980! reported that the 1isolation and
culture of this fungus was difficult, and that the
fungus speculated only on culture media containing an
extract of orange leaf and fruit peel.
The fruit and leaf spot disease 1is most prevalent and
severe In Trans Nzoia district. Farmers from this
district sold no fruits during the 1986-1988 period
There was 100% total loss of 1i1ncome. The sudden
occurrence and severity of the disease, and poor
response to control methods have forced farmers to
either uproot or abandon their orchards. All species of
Citrus in the area of study were affected, hence there
was no direct- 1link on the 1influence of the origin and
genetics of the cultivars and susceptibility to the

disease.

Farmers have attempted to control the fungus using
Di thane M45 ( Mancozeb 70% VIP ), and copper fungicides
viz: Kocide 101 ( Cupric hydroxide 50% WP ) and Copper
Oxychloride (50% WP ). Similar fungicides were used 1in
the control of other Citrus leaf sport diseases ( Fisher
1961 ). In spite of the use of these fungicides, Citrus
orchards have continued to suffer from severe epidemics

each year. This disease together with the existing pests
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9 oran2f& i1f urgent set"on to stop the spread 1is not

.aken .

In view of the above problems relating to the
ontf*ol of the disease it was <crucial that proper
diagnosis, precise 1identify of the pathogen and in
vitro tests on the efficac} of a few popular fungicides
on the current market be carried out on the fungus. A
clear understanding of the enviromentai requirements for
optimal growth and reproduction of the pathogen would
also be important for the disease control.

1-4 Objecti ves
The objectives of this study were

1. To isolate and characterise the causal agent of the

"leaf and fruit spot disease.

2. To determine the most favourable conditions for
growth, sporulation and dissemination of Phaeoramulan a

ango lens is.

3. To carry out in vitro tests on the

response of the fungus to selected fungicides.



CHAPTER 2

.0 MATERIALS AND METHODS

2.1 Disease 1incidence and diagnosis

2.1.1 Field studies and collection of samples

The study was earned out in Trans Nzoia district
where the disease 1is most prevalent. Eleven randomly
selected farms within a radius of 30 kms from Kit-ale
town were visited and disease occurrence and severity
was assessed. Farmers were 1interviewed using a

Questionnaire (Appendix 1).

An orchard ( 0.25 acres ) on a mixed Tfarm of 10

acres, was selected and visited monthly for one year

(from Dec 1990 - Dec 1991 ) to establish the disease
cycle. Changes in rainfall and temperature were
obtained from the Meteorological department. Disease

symptoms on the Jleaves and fruits were mon itored

Photographs of the diseased plants were taken. Leaf
litter was sampled to estimate the amount of diseased
leaves, fruits and approximate total inoculum 1in the
litter of the orange trees. Random sampling method
using a 50cm x 50cm frame quandrant was wused ( Odum,
1971 ). Numbers 1 to 10 were written on equal pieces of
paper, carefully folded and placed 1in a tomall box.

After shaking to mix, one number was blindly

picked out. The litter of the orange tree 1in the first



r w in a poi ition corresponding to the picked number was
s3mri"ed -irsz, follower py every Tfifth tree. The leaves
and fruits within the quandrants for each tree were
collected and kept in labelled polythene bags. Diseased
leaves and fruits picked from the trees were kept in

separate bags. All samples were taken to -he

laboratory.



| Inoculum estimation.

The total number of leaves and fruits in the litter
of each tree was counted, Infected leaves ( leaves with
lesions ) were separated from non-infected ones ( leaves
without lesions ). The proportion of infected leaves to
total leaf fall was calculated. The count was repeated
using fruits and the proportion of infected Tfruits in

the litter also calculated.

A total of 50 Ilesions were 1identified on ten
leaves. Spores from each lesion were carefully scraped
into a 10 ml beaker containing 5 mis distilled water. A
drop of this spore suspension was placed on each half cf
tile depression points of an improved Neubauer
haemocytometer. The number of spores in five squares on
each half of the slide selected iIn an "X" pattern was
counted at the low power ( 10x10 ) of the microscope.
The total number of spores counted multiplied by 1000
gave the number of spores per ml of the spore
suspension. An estimated spore count TfTor each lesion
was given as the number of spores per ml x 5.
average spore count for 50 lesions was recorded. The
average count of lesions on 50 Jleaves was also
calculated. The product of the two averages gave an
estimated spore count per leaf.The spote count pei leal
multiplied by total infected Ileaves gave the estimated

inoculum m the leaf litter of each tree. To estimate



»~ "-vr 5re5 affected, t - surface area o~ each of the
50 leaves was measu ed b. an automatic area-—-meter
ddelta-J Dev ice 1. AlIl lesions on each Jleaf #Fere
ca *efu-lly cut out w<th a sharp scalpel . The surface
area of the leaves without "lesions was measured. The
difference between the two measurements gave the area cf
the 1les’ons on the leaf. The proportion of lesion area
to the total Ileaf area was equivalent to the proportion
cf the infected leaf surface area. Fruits were cut into
halves to observe disease extension into the 1inner

tissues of the fruits.

-.1.3 Isolation and characterization of the fungus

The fungus was 1isolated from diseased leaves picked
from the trees. Lesions on diseased material were
examined under a dissecting microscope for fungal
fruitification. Conidia were picked from sporulating

lesions with a pointed edge of a sterilized Swann Morton

No. 11 scalpel . They were transferred onto Tap Water
Agar ( TWA ), ( Appendix 111 ). TWA was wused to
suppress the rapid growth of saprophytes. Axenic

cultures of the fungus were used for further cultural
and pathogenecity tests. Some Tungal materials from the
lesions on host leaves and fruits were mounted on slides
and observed under a calibrated microscope.

Morphological characteristics were recorded. Similar
data were recorded for Phaeoisanopsis dgrisso"a Ferraris

isolate from the beans as a rOptesOn alive of
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Ph*$0 ms .i cns ls for tazonomic ccmpari sons .
Morphological <characteristics extracted from Witerature
on the Nigerian isolate of Phaeoisariopsis (Ernechebe,
1980 ) and of Phaeoramularia ango 7ensis ( Kirk, 1986 )

were also recceded.

Pathogenecity and disease development.

tWo week old cultures grown on potato dextrose agar
( PDA ), ( Appendix 111 ) were harvested and marceratec;
in a waring blender for 30 seconds. Fifteen colonies
were harvested to obtain adequate 1inoculum. Enough
sterile distilled water was added to facilitate easy
passage of the inoculum through the atomiser. Ten
disease-free potted Sweet orange (Washington navel and
Valencia varieties, 60 cm tall ) seedlings used,
were obtained from disease free nurseries 1iIn Nairobi.
The plants were sprayed with the culture suspension.
They were then covered with polythene bags which had
also been sprayed with sterile distilled water to ensure
high relative humidity. Ten control plants were sprayed
with sterile distilled water only. Wounded plants (
plants whose leaves were scratched with a scalpel ) were
also treated as above. The plants were kept under shade
and after 72 hours, the polythene bags were removed.
They were observed daily for symptoms and disease
ggvp Jopment ( Conway 1976 ). Plants were not kept 1in the

laboratory because such plants soon defoliated due to



12

lac!: of sun light. Monthly means of air temperatures
were obtained from the Meteorological department (
Appendix lib ). Data on Jlength of 1incubation period,
rate of lesion development, number of lesions and their
sizes on a leaf, amount of speculation, coni dial size,

colour etc were recorded. Conidiophore size and colour

were also observed.
2.3 Cultural studies

2.3.1 Effect of different solid media on growth and

sporulation of P. angolensis

Four different media were prepared, Potato
dextrose ( PD), Potato carrot (PC) , Corn meal (CM) and
Orange Leaf extract (Ole) ( Appendix 111 ). Agar was
added to half of each medium prepared, the other half
was kept iIn a separate bottle and used in the experiment

( 2:3:2 ) below

About 30 mis of each medium was poured in 9 cm
petri dishes. Uniform amounts of mycelia from ten day
old cultures maintained on TWA were used to 1inoculate
the media. Thirty mis of each medium was poured iIn 9 cm
petri dishes. Each medium had six replicates incubated

at room temperature ( 21-24°C ) and in ordinary day

and night conditions.

After eight weeks, five colonies on each medium

were dislodged with a glass rod. They were oven dried



at GO:"C unti ] constant weights were obtained. The sixth
colon>" fron each medium was used to rate sporulaticn.
Evtra cultures on DCA and CMA adjusted with 20 gms
de-"trose/l iire were also incubated and used to rate
sporulaticn. Data on colony, <conidia and conidiophore

characteristics were recorded.

Effect of liquid media on growth and sporulation

The liquid media prepared as described above
(2.3.1) were used i.e ( Potato dextrose, Potato carrot,
corn meal and orange leaf extract ). The pH of each
medium was recorded before and after autoclaving as
initial pH. Thirty mis of each was asept ical ly
transferred into six replicates of 250 mis
Erlenmeyer flas ks. The flasks were plugged with
sterilized cotton wool and Aluminium foil. The media
were then inoculated with culture suspensions. These

were prepared from the remains of colonies used in the

solid media experiment ( 2.3.1 above). Sterilized
distilled water was added to the colonies. The colonies
were gently scraped with a sterilized scalpel. The

suspensions of each colony were transferred to a common
sterilized 100 ml beaker. With constant stirring, 5 mis
of the mycelial suspension was removed by a pipette and
added to the 1liquid media in the flasks. The cultures
u/ere incubated at room temperature 1 ul-24 C 1.

Ordinary conditions of day and night were maintained.

After two weeks, the mycelial mats of Tfive cultures



for each medium were TfTiltered through thimble funnels on
weighed Tfilter papers. They were rinsed with distilled
water and dried at 60cT until constant weights were
obtained. The sixth flask of each medium was used to
rate sporulation. The dry weights of the fungus and pH

of the filtrates were recorded.

2.3.3 The effect of 1incubation temperature on growth
and sporulation

Inoculum preparation and seeding was done in
liquid Potato dextrose medium. Nine 1incubation
temperatures used were: 3, 6 ,8 , 15 , 20 , 25, 26,
30 , 32°C and control room temperature (21-24°C).
ihiere were six replicates at each temperature. The
incubator used was an open water bath ( Grant
instrument No 91230 A ). The cultures were 1incubated 1in
the water whose temperatures were altered by an inbuilt
heating and cooling system. The cultures were exposed

to ordinary light conditions of day and night.

After two weeks, dry weights of five replicates at
each temperature were determined as in 2.3.2 above. The

sixth replicate was used to study colony character ist-lcs

and sporulation.

2.3.4 Effect of different 1light conditions on growth

and sporulation

Six 250 mis Erlenmeyer flasks were prepared with

liquid Potato dextrose and seeded with 1inoculum as in



_-3,2. They were Tnocoibmtted under constant 1i1llumination
provided by one white, red and blue fluorescent lamp (
Model TLD 36 W/54 ; at a time, Jlocated at 25 cm above

the flasks. The set up was repeated twice Tfor each

light condition.

In the same experiment, six inoculated flasks wie
maintained 1in continuous darkness by wrapping up the
flasks with three Jlayers of black paper and 1incubating
in a dark cupboard. Six other cultures were 1incubated
on the bench exposed to 12/12 hour natural light/dark as
control. After two weeks, dry mycelial weights of
five replicates from each experimental set up were
recorded. Sporulation studies were made from the sixth
replicates. The number of conidia was counted under low

power microscope (10 x 10 ).
2.3.5 Effect of pH on growth and sporulation

Liquid Potato dextrose medium at seven different pH
values ( 2.0-8.0 ) was wused. The medium was buffered

with O0.1N hydrochloric acid and 1.0N Sodium hydroxide

using ( Radiometer pH M61 ) pH meter. The Centrol was
set up In unbuffered medium at pH 5.6. The medium at
different pH was autoclaved. On cooling the phi was

measured and recorded as initial pH. Thirty miln litres
of each was aseptically transferred into six
sterilized 250 mis Erlenmeyer flasks, 1i1noculated with

5 mis of mycelial suspension and 1incubated at room



~ mpsdra llre 1 21-Z ~C } for two w80ks or: labofslofy
bench. After Incubation period, one replicate was used
to study speculation, while the dry weights of the
furious were d910rmired f om the vremaining Tfive
replicates. The pH values of the fTiltrates were

recorded.



2.4 Effect of selected fungicides on growth and

sporulation of P. angolensis

2.4.1 Growth and sporulation on solid medium.

The Tfollowing fungicides were used 1in this
study: Kocide 101 ( Cupric Hydroxide 50% WP ), Copper
Oxychloride ( 50% WP ), Dithane M45 ( Mancozeb 70% WP )
and Antracol ( Propineb 80% WP ). Serial dilutions were
prepared for each Tfungicide using the method described
by the American Phy topatho log ical Society on,
Standardisation of Fungicidal Tests ( 1947 ). in
which, 0.5 gm of each fungicide was suspended in 50 ml
sterilized distilled water in a 250 ml sterile
Erlenmeyer flask ( 10,000 ppm ). After thorough
shaking, 5 ml were withdrawn by a sterile transfer
pipette and added to 45 ml sterile distilled water in
another fTlask. After proper mixing, 5 ml were withdrawn
from this flask and added to another flask containing 45
mis of sterile distilled water. The above dilution
continued until the following dilutions were obtained:
10.000, 1,000, 100, 10, 1 and 0.1 ppm. More dilutions
were prepared using the standard formula:

X units of chemical = Z grams. of.c.hemicaj
1.000. 000OmlI of water Y ml of water
Potato Dextrose Agar was prepared as in ( Appendix 111
and, 150 mis of medium were transferred 1iInto separate

flasks equivalent to the number of prepared dilutions of
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tre fungi rides. Each diluted fungicide was added to the
cooled medium before solidifying at the fungicide
medium ratio of 1:5. The medium and Tfungicide were
shaken to allow mixing and 30 mis of the fungicide
amended media were poured into 9 cm petridishes. on
solidifying, the medium was 1inoculated with 1 ml
mycelial suspension. Petri dishes were shaken to ensure
an even spread of the 1inoculum on the medium. There
were Tive replicates at each dilution. Control
replicates were set up using distilled water and were
recorded as zero concentration. The cultures were

incubated at room temperature ( 21-24°c) on the bench.

After two weeks, growth of mycelia on the various

fungicide dilutions were scored relative to the control.

Where no growth occurred, mycelial fragments were
subcultured on fungicide-free PDA to determine their

viability. Sporulation was also determined 1in 2.3.4.

2.4.2 Effect of fungicides on growth and sporulation

liquid medium

Liquid Potato dextrose medium was prepared and 25
mis were aseptically transferred 1into 250 ml sterile
Erlenmeyer flasks. Fungicide dilutions were prepared as
in 2.4.1 and 5 mis of each dilution was added to the
medium in the Tflask. Each flask was then 1inoculated

with 1 ml of mycelial suspension. Control flasks were

In
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pr--"pared with C mis distilled water in place of the

fungicides. "here were six replicates for each
fungicide dilution and control. The cultures were
incubated at room temperature ( 21-24°C ) on laboratory

bench.

The LDc:g was measured from mycelial growth since
there was no spore germination at all fungicide
dilutions. Mycelial dry weights of five cultures were
recorded. The sixth replicates were used to study
sporulation. Growth 1inhibition by each dilution was
expressed as a percentage of the control dry weight (
Carling, 1990 ). Dose-response curves were constructed
for each Tfungicide from which the LDey ( Lethal Dose
b0°0 ) were estimated. -Semi-log scale was used to give
log-trarisformat ions of the fungicide concentrations (

Lukens 1971 ).

2.4.3 Effect of fungicides on conidial germination
Serial dilutions of the fungicides were prepared as
described earlier . A suspension of conidi a of P.
ango lens is was prepared from host leaves. The
suspension was adjusted with distilled water and
calibrated on an improved Meubauer haemocytometer to
give a spore concentration of about 500,000 spores per
PA] _ Juice from fresh orange ( Washington nave.® variety
) was TfTiltered and diluted tenfold with distilled water.

Equal volumes of spore suspension and orange juice
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o | 11-"2 wet-e mi-eci. Two drops cf this mixture were

mixed with two drops of each fungicide dilution in the
slide depression. A control was set up consisting of
two drops of the spore suspension and stimulant mixed
with two drops of distilled “water. The slides were
incubated 1in a moist chamber and daily observations
were made as recommended by the Committee on
standardisation of fungicidal tests ( 1947 ) and

Peterson ( 1941 ).

2.5 Statistical analysis

The variations in dry weights with respect to
temperature, Jlight, PH, fungicides and fungicide
dilutions, were analysed using the Analysis of
Variance ( ANOVA ). When the analysis was restricted to
two means, the least significance difference test ( LSD
) was used. The level of significance was set at &%

P<0.05 ( Armitage 1971 ).



CHAPTER 3

3.0 RESULTS

3.1 Disease diagnosis and incidence

Results of the field survey showed that the
disease was wide spread in Trans Nzoia district (
Table 1 ). All the eleven farms visited were affected.
Farmers noticed the disease for the first time in 1983-
84, when only a few leaves and fruits were affected

leading to scattered premature defoliation and fruit

drop. By 1985-87, the disease had assumed epidemic
levels, and no oranges were harvested. AlIl Citrus
species ( Viz: lemons, tangerines, sour oranges etc.)

grown in this region were equally affected.

Farmers have been spraying with Kocide 101, Copper
Oxychloride and Dithane M45. About 90% of the farmers
sprayed only when they noticed severe disease symptoms
on the crop. Successful control of the disease had been
achieved in one Tfarm out of the eleven farms ( Table 1
)- All eleven farmers 1interviewed applied these
fungicides in mixture combinations of white oil and
insecticides to minimise costs. Farmers expressed fear
that prolonged use of Copper would in the long run cause
Copper toxicity in Citrus orchards. To avoid this, over

50% of the Tarmers were spraying lower fungicide rates



Table 1: Disease
Farm Number of
Number Orange trees
1 100
2 300
3 60
4 >1.000
5 500
6 70
7 20
8 30
9 35
10 80
11 75
Key
1 = Kocicle 101
2 = Copper oxychloride
3 = Dithane M45
A = Mixture of white oil and

incidence and control on

Disease
slate

yovcre
severe
severe
not severe
severe
severe
severe
severe
severe
severe

Severe

insecticides

some farms iIn Trans Nzoin

Fungicides
sprayed

1+2+3 in
14243 in
1+2+3, in
1+2+43 in
1+2+43 in
14243 in
1+2+3 in
1+2+3. in
1+2+7, in
1+2+7, in
14243 in

> > > >>» > > > > > >

Frequency of
application

fortnightly
fortnightly
fortnightly
weekly
weekly
weekly
occasionally
fortnightly
occasionally
weekly
fortnightly

Control

p>;or
poor
poor
fair

poor
poor
poor
poor
pool’
poor
poor

Action

abandoned
abandoned
hopeful
successful
hopeful
hopeful
uprooting
abandoned
uprooting
hopeful
abandoned



than recommended. Hardly any Tfungicide residue could oe
seer: on the leaves of the oranges on most Tfarms. The
application of expensive fungicides without good fruit-
harvest had disillusioned two of the farmers into
aproot-i ng their Citrus trees to give way to more
profitable cereal crops. Four of the farmers had
neglected their orchards which were getting overgrown
with weeds. Three of the farmers who were still hopeful,
continued to spray the fungicides weekly or fortnightly.

The 0.25 acre orchard used 1in this study had three
rows of 60 orange trees of Washington navel variety.

The first litter sampling was carried out in October,

the time when the mean vrainfall was 105 mm, and
temperature means were 11 .3UC ( minimum) and 26.3°C(
maximum) ( Appendix Ila ). The results showed that

disease 1infection was severe both on the fruits and
leaves ( Plates 1 a-b ). No infection was observed on
the stems and branches. There was heavy leaf and fruit
fall and no mature Ffruits were seen on severely
infected trees. Litter sampling estimations showed that
on the average, 60.8% of the fallen leaves and 100% of
the dropped fruits were infected (Table 2 ). The lea:
litter of a single tree haboured an average of 3S.4 x
10s spores. A maximum of 89 lesions on a single leaf of

29 cm” was counted, covering 98.19% of the total

leaf surface area ( Appendix IV ) Lesions had an

average diameter of 6 mm and an average spore count of



Plate 1la Plate 1b

la Leaves of Citrus sinensis exhibiting brown spots caused

by Phaeoramularia angolensis

Ib Brown fruit spot disease of Citrus sinensis caused by

Phaeoramularia ango lens is



Table' 2:

'Free

© © N o T B~ NN L

e
s O

[N
N

Mean se

Leal' and fruit, liner sampling

Total count

Loaves Fn lits
Is 2s 1s 2s
98 10 5 0
77 9 6 0
78 5 4 2
18 11 8 0
39 2 \g 0
72 8 1 1
64 15 11 0
70 5 3 0
54 7 4 0
«0 8 7 1
(8 3 2 0
89 4 3 0

65.5+22 7+4 5+3 0.4%6

Is
2s

=
S

irst sampling
econd sampling

°/o infected

Leave's
Is 2s
55.1 20
58.4 11
44.9 0
50.0 : 8
50.0 0
69.4 3.8
34.4 27
82.9 '>0
87.0 14
86.3 (
57. 1 0
58.2 n

60.8+ 16 14+15

Fruits
1s

100
100
100
100
100
100
100
100
100
100
100
100

100

100

25



184 v 10“". The second sampling carried out 1in March,
the period with 85.1 mm mean vrainfall and temperature
means of 12.3°C minimum and 27.8°C maximum, showed
reduced disease incidence. There was less leaf and
fruit fall due to infection . On the average, 14% of
fallen leaves and 100% of dropped fruits were infected
( Table 2 ) . Mature fruits were observed on the trees
during this season . The new Jleaves and fruits that
were produced during this period were disease free.
Scattered lesions were only seen on a few old leaves and

fruits. Leaves with an average area of 27 cm~ had an

average of eight lesions. The lesions were small with
an average diameter of 2.5 mm, light brown, [lacking
haloes and with very sparse speculation. An average of
12x 104 conidia per lesion was counted. Partially

developed lesions could be seen as tiny dark spots.

The Jleaf spots observed from sample material were
amphigenous, mainly hypophyllous, sporulating on both
sides but more from the under side, and 3-8 mm diameter.
On the under side of the leaf, lesions appeared
uplifted, but remained flat on the adaxial surface.
Young lesions were pale brown while mature ones,brown to
dark brown. When sporulating heavily, the "lesions were
brown, surrounded by a dark brown margin and a yellow
halo, the center becoming transparent or detached

resulting 1in a shot hole. Foliar symptoms often



ccaese a m&Kkirg the leaves appear >ellcw foliowed by

premature defoliation

Lesions on young fruits were slightly sunken ,
ci rcular, brown, surrounded by a ring of raised epicarp
protruding above 1its normal 1level, and giving the fruit
a b’istered appearance. When sporulating, lesions
became black, thus the young fruit became covered with
black b"listers each surrounded by a yellow halo. The
merging of several haloes made even immature tiny
fruits appear yellow ripe TfTollowed by abscission
Lesions on older fruits were more flat and often cracked
exuding sticky fruit jJuice. The fungus did not
penetrate the rind and caused no necrosis below the
skin, although rotting due to secondary 1infection in

cracked fruits was common

Conidiophores from the mature lesions were dark
brown, mononematous, simple, unbranched, straight or
geniculate, septate, smooth, 29 - 156 ( 255.5 ) pm high
( mode 90 |m ), 3.3-4.0 /um wide ( mode 3.79 pm ), with
scars 5.5 pm wide, evenly spaced, 10.97 /m apart.
Conidiophores were synnematous, 1iIn groups oi upto
and more, emerging Tfrom dark brown to black, efproper,t
stromatic tissues 71-82 pm in diameter. The lower
portions of brown to dark brown synnemata consisted of

conidiophores joined at their bases to a 1length 65.7-
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L of Phaeoramu/aria
Plate 2 . Stroma and conidiophOleS

ango lens is from inoculated plants.



0q
7.6 um and 21.3-30 yim wide . The overaln IHength of
the synnemati 62.1-255 ™ pm varied with that of its
con id*cphore: . Con idiogemneous cells were intergrated,
terftinal , syiripodial and cicatrized ( Plates R> Appendl!v
V.). Conidia ob¥ained from mature 1lesmions WO re
smooth, light brown to liyaline, cylin8irical, straight or
slighlily cumed, sol itary, acropltmmurogenous , often
catenulate, ( 1- ), -4, ( -6 ) septate, 13 .9-79 pnm
Tong, ( mode 51.1 jjm ), 3.3-4 um wide mode ( 3.55 pm ),
rounded at the apex and truncated at the base; older
conidia often budding daughter conidia ( Plate 3).
Lesions easily lost their conidia by drop off such that
materials kept in the laboratory 1lost nearly all the

conidia after one week of handling.

Conidia! measurements of Phaeoisariopsis griseola
isolated from the bean leaves were 30.4-79.2 pm long
3.5-7.2 m wide and ( 1- ), 3-4, ( -5 ) septate, (fig
1). Conidia of P. angolensis had two modal values of
20-29.9 pm and 50-59.9 pm. P. griseola conidial length

was uni modal at 50-59.9 fim ( Appendix V, fig )

Conidial germination experiments at different pH
and temperature showed that conidia of P. angolens®s
germinated easily 1in distilled water ( pH 5.35 ) at
room temperature ( 21-24°C ) . Spores dgerminated over
temperature range 20-26dC . Below and above this

temperature range no spores germinated. High rates of
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Plate 3 Conidi a of Phaeoramularia angolensis from

inoculated plants.



Relative Frequency
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spore germinat*on, of 94 and 93 % were recorded at 25
and 26 °C respectively. The control at room

tempe® ature gave a spore germination of 93 %. The lowest
rate of 56 « was observed at 20°C ( Appendix Via ).
Spores germinated over pH range of 2 - 8, with an
optimum of 93 % at pH 4. The Ilowest rate of 33 % was
observed at pH 2. Spore germination in distilled water

pH 5.35, gave a rate of 86 % ( Appendix VIb ).

Spore germ-tubes first appeared from apical and
basal cells, but intercalary cells sometimes produced
the first germ tubes. Occasionally, more than two germ
tubes were produced from a single cell of a conidium (
Plate 4 ).

On the third day following 1isolation, growth in
culture media was only visible wunder the light
microscope. Conidi a germinated and formed dark
profusely branching mycelia. On the seventh day, growth
was observed on top of the medium as a tiny dark dot.
This tiny dot of mycelium continued to grow slowly,
more vertically than radial, such that radial growth
could not be measured. At eight weeks, a colony
appearing like a mummified orange fruit was established
on the medium . The colonies were solid compact masses
easily separated from the medium, dark brown , velvety
and 1immersed ( Plate 5 ). Colonies of Fhaeoisariopsis

griseola 1i1solated from the beans for comparison were



Plate 4. Conidium of Phsoorcunulana cuigolsnsis gefminatins

from terminal and intercalary cells.
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Plate 5. Phaeoramularia angolensis colony on orange leaf

extract agar. (Four months old).
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immersed, cottony, or hairy and white grey due to heavy

speculation both in liquid and solid cultures.

Sparse sporulation in cultures of Phasoramular ia
3:7go isns is was observed 1in veiy tiny colonies of upto
two weeks old. Cultures of over two weeks had no
spores. Subcultures from mature colonies never
sporulated. Conidia produced in culture were subhyaline
to pale brown, dry, smooth, cylindrical, straight,
solitary, acropleurogenous, truncated at the base and
rounded at the apex, 9-70 /im long (mode 50 ) and ( 3-
4 ) jmwide ( mode 3.6 |m ), ( 1- ) 3-4 ( -6 ) septate

Pl ate 6a ).

Conidi op fiores produced in culture were
macronematous, straight, smooth, septate, dark,
mononematous but synnematous. Conidiophores from an
eight day old culture, measured wupto 210 jJjm long
forming a huge robust synnema of upto 68.4 £im wide at
the base. A big stroma of upto 57 j.m wide was also
observed. Conidiogeneous cells were intergrated,

sympodial and cicatrized ( Plate 6b ).

Suspensions of two week old cultures of
Phaeoramularia angolensis sprayed on potted sweet

orange seedlings produced typical disease symptoms (



Plate 6 .a Conidia of Phaeoramularia angolensis from

culture

b Stroma and conidiophores of Phaeoramulan a

angolensis from culture
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Plate 7b
Plate 7a

7. a Phaeoramularia angolensis leaves at an "afl> -ta”e

of infection. Note chlorosis and dot-like spot stage.

b Typical symptoms of brown spot disease after seven
months.
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Plate 7a-c ). Three months after 1inoculation, the
leaves developed light green to yellow patches becoming
more yellew/ to brown ( Plate 7a ). Defined tiny spots
started appearing 1in the Tifth month. The brown dot-
like spots enlarged and by late seventh month, definite

necrotic lesions surrounded by narrow yellow haloes had

been formed ( Plate 7b ). The infection of
artificially inoculated plants was low, only eleven

leaves or less per plant developed lesions. Individual
leaves carried a maximum of 15 lesions. Many “lesions

stopped at the dark, brown dot-like spot development
stage ( Plate 7c ). Mature necrotic lesions were small

2-4 mm diameter, amphigenous, pale brown centres with

dark brown margins. Sporulating regions appeared dark
brown , scattered iIn the lesions, both sides of lesions
sporulating but mot e on underside. Con idia,

conidiophores , synnemata and stroma 1isolated from these
plants, were as those described earlier. All plants,
wounded and unwounded, sprayed with suspensions from
mature cultures (three weeks old and more), and cultures
maintained on Jliquid media did not develop disease

symptoms.

3.2 CULTURAL STUDIES

3.2.1 Effect of solid medium on growth and
sporulation of P. ango lensis

Data presented in ( Appendix VIl and fog.3 ) show
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7c. Leaves from artificially infected plants with few

developed lesions and more dot-like partially developed

lesions.



Dry weight (mg)

Fig. 2

Key

0-r-'ge lealertv.ct Potre LV«e Com -real Potato carrot

Medium

Effect of medium on growth of Phacoramularia angolensis



" t the orange “eaf e>tract agar with a mean of 532 mgs
supported ma-1.num growth of the fungus . Good growth, (
mean 518 mgs ), was also obtained from Potato dextrose
agar . Moderate growth, ( mean 488 and 429 mgs ), was
obtained from Corn meal and Potato carrot agar media
respectively. The differences between the means were
statistically significant ( F-107.3, P<0.05) . Although
sparse sporulation occurred 1in all the five media with
dextrose( initial PH 5.4 - 6.1 ), spores were only-
observed at the edges of young colonies that were less
than two weeks old. Older colonies with Jluxuriant
mycelial growth, and colonies in media without dextrose
never sporulated at all. Subsequent subcultures yielded
no spores in all types of media. Coni dia,
conidiophores, synnemata and stroma described 1in (3.1)

were observed.



2.2.2 Effect of liquid media on growth and sporulation.

Resit! ts m (Appendix VII and Tfig 2) 1indicate
that Uliquid media supported faster growth of the Tfungus
than solid media. Incubation period for liquid media
was two weeps while that of solid media was eight weeks.
Trie orange leaf extract with a mean dry weight of 763
mgs supportedmaximum growth, followed by Potato
dextrose ( mean 717 mgs ). Good growth with a mean dry-
weight of 624 mgswas obtained from corn meal, and
less growth mean dry weight 468 mgs was obtained on
Potato carrot ( F = 234, P<0.05 )

In all liquid media used , pH increased as a result
of growth ( Appendix VII ) and no sporulation was
observed in any of the media. In the Ileaf extract
medium, the fungus formed granules adhering onto the
sides and bottom of the flasks but in other media, it
formed mycelial mats floating over the media ( Plate 8).
3.2.3 The effect of incubation temperature on growth

and sporulation.

Most growth occured at 20 - 26°C with 25-26°C being
the optimum ( fig 3 ). Some growth was obtained at
15°C and at 6°C. Mo growth was observed at 3 and
32°C. Scanty growth occurred at 30°C ( Plates 9 ).
The differences 1iIn the means following growth at the
various temperatures were statistically significant ( F

= 394, P 0,05 ). No sporulation was observed at all

temperatures ( Table 3 )
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Plate 8 .Phaeoramu7aria angolensis in liquid media

Note Tfungal colonies in lumps adhering onto sides and
bottom of flask in the orange leaf extract ( OLE )

and mycelial mats floating on other media: potato carrot

( PC ), corn meal ( CM ) and potato dextrose ( PD ).
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Plate 9: Growth of Phaeoramu lan a angclensis at differren
temperatures.
a: No growth at 3°c.

b: Little growth at 6°c.

(@]

:Fair growth at 15°c

d: Good growth at 20°c.

e & f Optimal growth at 25 and 26 °c
9:Scanty growth at 30 °c

h: No growth at 32°c






Table 3: ICffeci of different incubation temperatures on growth and
sporulation of P. cuigolensis after 14 days of incubation.

Average dry

Temperature (°C) mycelial wt (mg)* Sporulation
2 0 Nil
3-5 0 Nil
6 323110 Nil
6-8 383x15 Nil
15 419+ 14 Nil
20 512+ 15 Nil
2 1-24 (Koom) 561 4 Nil
25-26 629+5 Nil
30 432+3 Nil
32 0 Nil

" ITu h data is an average of five replicates



Effect of different light conditions

All the different light regimes tested supported
good mycelial growth ( fig. 4 and Appendix VIII ).
Optimum growth ( mean 61S mgs ) was obtained in
cultures under continuous white 1light. Dry weight of
578 mgs recorded in continuous red [light was not
significantly different from the control ( mean 577
mg ). The F ratio however, was significant ( F = 16.6,

P 0.05 ). There was no speculation in any light regime
3.2.5 Effect of pH on growth and sporulation.

The pathogen grew over a range of pH 3 to 3 (
fig. 5 ) with the best growth obtained in media with
initial pH of 5 to 6. The growth decreased gradually as
pH rose above 6 or fell below 5. However, the decrease
in growth at high pH was more gradual as compared to the
lower pH levels. Ho growth occured at pH 2 ( Plate 10
)- The fungus changed the pH of the medium towards
neutral 1ty, increasing the level of acidity and
lowering the 1level of alkalinity. No sporulation was

observed at all the pH levels ( Table 4 ).

Differences between the means were statistically

significant ( F = 836, P<0.05 ).



Dry weight (mg)

Light (Orulition

Fig. 4. Effect of light on growth of Phucoramularia angolensis



Rp. 5 RTect of p! lun growth of PhacoranrtUiria an™olcn.sis
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PlLate 10. Growth of Phaeoramularia angolensis at

different pH levels.



Table 4: Effect of different pH levels on growth and sporulation of P. angolcnsis
after 14 days of incubation at room temperature (21-24°C).

Initial pH Average dry

Before After pH of mycelial

Autoclaving Autoclaving filtrate weight (mg)* Sporula! ion
2 2 2 0 Nil
3 2.9 5.6 490x4 Nil
4 4.09 6.1 5036 Nil
5 5.1 6.2 697+9 Nil
5.6 (control) 5.8 6.6 682+4 Nil
6 5.9 6.4 690 +8 Nil
7 7.5 6.9 513+8 Nil
8 8.06 6.8 45011 Nil
9 9 8.9 0 Nil

* Each data is an average of five replicates



5.7 The effect of selected fungicides on growth,
sporulat ion and coni dial germination of

P. ango lens is.

Results from solid media tests ( Table 5 ) show
that the fungus did not grow on solid media amended with
Di thane M45 and Antracol ( Plates 11 a-b ). Mycelial
fragments subcultured from media treated with fungicides
at 10 ppm and below, developed on PDA. Those
subcultured from media treated with I1QOpprn and above
shrank and did not grow on PDA. Results from tests
using these fungicides 1in Jliquid media showed mycelial
growth only at fungicide concentrations 1.5ppm and below

(Table 6). The recommended dose 1is 2,500 ppm for both
fungic ities.

There was growth in solid media amended with
Kocide 101 at concentrations 1,000ppm and below ( Plates
11c ). There was scanty growth at 3,000 and 5,000 ppm.
Growth was hardly visible at 6,000 ppm and above,
although mycelial fragments sprayed on these media did
not shrink and when subcultured on PDA , developed into
colonies. Recommended dose for Kocide 101 1is 7,500 ppm.
In liquid media, there was no myceliai gtcwuh at

fungicide concentrations 5,000 ppm and above (Tab e 6

Copper Oxychloride showed an 1increase 1in growth
9Jnh ib1llion with 1increasi ng fungicide conuei itiation. At

10 ppm there was better growth growth of Tfungi than



Table 5. Effect of selected fungicides on the growth and sporulation of P. anqolcnsis on solid medium after 14 days
at room temperature (21-24°C)

Mycelial growth

Fungicide Kocide Copper Dithane Diazmon + Diazinon+ white oil
concentration (ppm) 101 oxychloride M45 Antracol white oil + copper oxychloride

10.000
6.000
5.000
3.000
1.000
100
10
*€ 0

W W W W R s OO0
A SN R e ©
Ww O O O o o o o
w o o o o o o ©
:
wr\)NI\JHHI—\O

w O O <

*C = Control with no fungicide
Kev to mvcelial growth

0 No visible growth

1  Growth much less than the conirol
2 Growth slightly less than control

2 Growth equivalent to control

4  Growth almost better than conirol
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PLate 1lla. Phaeoramularia angolensis 1in media ammended
with Di thane N145. No growth at all dilutions,

1 =i0,000 ppm

2=5,000

3 =2,500 ppm (Recommended dosage)
4 = 3000

5 =100

6 =10

C =no fungicide.



Plate 11b .Phaeorcunu 7ar ia angolensis in media ammended
with Antracol
No growth at all dilutions.
10,000 ppm
5,000
2,500 ppm (Recommended dosage)
3000
100
=10
=No fungicide

O WSN R



Tabic 6: Effect

of selected fungicides on growth of P.

angolensis at

temperature (21-24°C) after 14 days of incubation in liquid media.

Eungieide
concentration
(ppm)

0.1
0.5

1.5
10
100
1000
2000
3000
4000
5000

Each data is an average of five replicates.

Average dry mycelial weight (mg)*

Kocide 101

590+9(0)**
549+ 10(7)
53 1+ 15( 10)
507+16(14)
466+ 14(21)
460+ 17(21)
430+ 12(27)
384 + 10(35)
372+8(37)
442+9(42)
159+5(73)
0 (100)

Growth
Copper oxychloride

590+9(0)
589+ 15(0.2)
555+ 16(6)
537+ 11(9)
496+15( 16)
492+ 13(1 7)
443+14(25)
389+ 11(34)
380+ 10(36)
366+6(28)
177+ 12(70)

0 (100)

Antracol

590+9(0)
342+ 14(42)
254+4(57)
224+9(62)
206+8(65)
23+1 1(96)
0 (100)

Dithane

590+9(0]
23015 (
165+6(71
165+6(7!
65+4(8!
0 (10C

" Numbers in brackets are percentages nf inhibited growth
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Plate 1l1c,Phaeoramulana angolensis in media ammended
wi th Kocide 101.

1 = 10000 ppm 3 = 5000 ppm
R = 7,500 ppm (Recommended dosage) 4 = 3000 ppm
2 - 6500 ppm - 10 ppm



the control. There was slight growth at 5,000 ppm arid
at the recommended dose 6,000 ppm, but above this, no
growth occured although subcultures on PDA developed
into colonies ( Plate 1id ). In extra experiments
carried out with a mixture of white oil and Diazinone
insecticide, no growth was observed. When Copper
fungicides were added to the white oil mixture,
mycelial growth was observed at all concentrations (
Plates 11 e-f ). In 1liquid media tests, Copper*-
Oxychloride showed that mycelial inhibition 1increased
with increasing fungicide concentration upto 5,000 ppm
where there was total 1inhibition. Mo sporulati on was
observed in any Tfungicide cultures. The Dose-response
curves ( fig.6 ) gave the Lethal Dose ( LD5q) values as
follows: Dithane M45 0.03 ppm, Antracol 0.25 ppm, Koc"ce
101 3200 ppm and Copper Oxychloride 3600 ppm ( Appendix
IX ). The difference 1in growth 1inhibition between

the four fungicides was highly significant ( F - 53,
P<0 .05 )= The difference between Kocide 101 and Copper
Oxychloride was not significant at alm
concentrations. The difference between Antracol and
Di thane M45 was also not significant. No sporulat ion
was observed in liquid cultures. 1In all fungic ide
dilutions, no conidium dgerminated. Spores 1incubated m
the test dilutions appeared plasmolysed wi th the

cytoplasm shrank away from cell walls particularly those

in Dithane M45.



COPPER OXYCHLORIDE

COPPER OXYCHLORIDE

Plate 11d Phaeoramularia angolensis in media ammended

with Copper Oxychloride

1 = 10000 ppm

Q = 6,900 ppm (Reccomended dosage)
& = 6000 ppm

g = 5000 ppm

> = 3000 ppm

5-10 ppm
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PLate 11le Phaeoramularia angolensis 1in media ammended

wi th Diazinon + white oil. No growth at all dilution
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DIAZINONFWHITE OIL+ COPPER OXYCHLORIDE

DIA2NO*m ,TEO,LI COPPER

oxychloride

Plate 11f Phaeoramularia ango lens7s in media ammended
with Diazinon + white oil ™ copper oxychloi id0« Visible

growth on all dilutions



Fig. 6: Log-dose response curves



CHAPTER 4
DISCUSSION AND CONCLUSION
The results presented in this study have shown
that the leaf and fruit spot disease of Citrus in henv=
is caused by P. angolensis. The symptoms and the fungus

morphological characters on the artificially infected

plants were similar to those from naturally infected

plants .n the neld. The symptomatology and the

characteristics of the fungus isolated from Kenyan

Citrus also agree with the description of the disease
attributed to an unknown species of Phaeo isarionS7* kv
Emechebe ( 1980 ) and to P. angolensls Kirk ( 1iq.qg )
Therefore , P. angolensls described by Kirk ( 1935 )
the an unknown species of Phaeoisariopsis described hv
Emechebe ( 1980 ), and the causal agent of the Ileaf and
fruit spot disease or Citrus iIn Kenya being described in

this study is the same fungus.

P. angolensis. 1is being reported 1in Kenya for
the first time.This TfTungus has already been reported In
Zambia, Zimbabwe, Angola, Cameroon, Gabon and Uganda.
The 5part ial distribution of the disease 1in Kenya
strongly suggests that the origin of the disease in thia

country could be Uganda.

There seem to be some taxonomic ambiquity be”w”en
the genus Phaeoramu larla and allied genera. p

angolensls was originally named Cercospora angolensls by
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De Carvalho t 0. Mendes ( Kirk 1936 ). Errechebe ( 1930

i referred to the same fungus as Phaseisariops 1s sp.
Kirk ( 1936 ) transferred C. angelensis to the genus
Phaseramularia and named it P. ango lensis. On the basis

of secondary metabolites, Siboe ( 1939 ) suggested that P.
angolensis could be a species in the genus
Cercospora, somehow agreeing with the name given by De

Carvelhos £ Mendes.

Comparative measurements of conidial lengths of P.
oriseela as a representative of Phase isar iops is and
Phaeoramularia ango lens is gave the range of 30-79.9 im
and 10-79.9 jm respectively ( Append ix V ).This
suggests that their conidial Ilengths overlap , Due to
this overlap, conidial [length would not be a reliable
character in delimiting the form genera Phaeoramu lar ia

and Phaeoisariopsis.

Their colonies on media were different.
Colonies of P. griseola were cottony, 1immersed, greyish
white sporulading heavily both on solid and liquid
media. Colonies of P. angolens is were velvety, immersed,
dark brown with no sporulation 1in mature colonies and
liquid media. This suggests that the two fungi were

different and probably belong to different genera.

Emechebe ( 1980 ) argued that C, a-"oolens®s
sporllates on the 1lower leaf sUrface only, while his

fungus (Phase isat ;ops is) spor ufated frwih both -ur fa es.



E*w-chebe used this as a distinguishing feature between
his fungus and C. angolsnsis which 1s now known as
13rs-is . Findings from this study and from
literature ( Kirk 1386 ) show that P, angolensis also
sporulates from both sides of the lesions though more
from the abaxial side. Kirk ( 1386 ) used catenulation
tc transfer this fungus from Carcospora to the genus
Pha&orc®.mclari a, and named 1t P . angolensis. Findings
from this study were that both conidia of F. angolensis

and p.griseola were occasionally catenulate.

Ferrari s ( 1983 ) distinguished between the
gopera PhaeofFamularia and Fhaeoisariopsis using
iusertion of asexual structures. He described the genus
- ., , gpriops is as having substomatal stroma and
phaecramularia as having erumpent stroma. Results from
this study show that the stroma of both P. angolensis
and phaeosarlops is are erumpent. Sobers ( 196S ;
observed that spore size, septation and even
catenulation can be influenced by the environment and
hence vary enormously within a genus. Talbot ( 1S?1 )
concluded that morphological characters ( viz:
ronidial length, colour, septation and position c,f
conidia on ... idiophores . conidiophore branching and
colour) have become the final criteria in de™m-f:-g

form genera of the Deuteromycetes. Nevertheless,

morphological characters do not seem to give cleanout



-non-tic distinct! on between the genera Phaseramularia
-j or, "= i£Pr ;opsis. From the literature ( Append~x

> it was not possible to finda any distirct
« K mological di fferences between the two genera.
However, taxonomic data obtained in this study, to some
-"tent, justify the placement of the pathogen 1in the
, Pn,s Phaseramularia on the basis of catenal! ations and
growth characteristics . The fungus descn bed by
Emechebe also belongs to this genus. Studies wusing
taxonomic criteria other than morphology, are required

t differentiate the two genera from each other.

Tfie fungus 1isolated from lesions of artificial ly
noc uiated plants corresponded in all observable
characters with the original pathogen from naturally-
-infected Citrus plants. This fTulfilled Koch’s postulate
for pathogenicity which stipulates that for a proof of a
pathogen, the disease agent should be isolated, grown i>=
uul"P, be reinfected on host and reisolated from it.
Pathogenicity tests characterised by 1long incubation
period, TfTollowed by slow disease development, resulting
into low infectivity of the test plants may have arise-
from a combination of factors. First, cultures used
to prepare the 1inoculum had sparse sporulation hence the
spore concentration in the 1inoculum was low. Wall- (
§g 71 ) observed that an inoculum of low spore

concentration favoured longer incubafon periods but did



t7
Uive a reason for his observation. Probably,

mr,0'e concentrated the 1inoculum, the faster the paM*C-~"n

o ea! s through the hosts resistance mechanism,

From field and cultural tests, it was estimated

that optimum tempratures Tfor fungal growth and Spo-e

germination were about 25-26°C ( Table 3, and Appendix

VI ). During the pathogenicity tests, air tempratures

around the plants varied betyped, Y+iiiO%. occasional®lv

falling to 11LT and rising to 25°C ( Appendix im )

Such low temperatures, probably inactivated the funa.-

enzyme system reducing both the germinability of tha

con idia and late of mycelial development This My G,

also favour 1long 1incubation periods, such 1inpg

incubation periods would also give the host piar”

enough time to organise 1its defense mechanisms which

would arrest much of the disease from developin®

further, leading to low 1infectivity and restricted

lesion development. This probably explains why moct

lesions on the artificially infected leaves were small

in size and partially developed, stopping at the dot-

like spot stage.

Sporulation data revealed that cultures that We,"

more than three weeks old lacked spores, and non*

observed 1in cultures maintained 1in liquid me =--
Inoculum prepared from these cultures did not - .
—C valse

disease 1In artificiall inoculated I"ni-o .
y PITNYEO o This

suggests that, probab’y i1his pJtbugen 2 m)i cause
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r.. - hy mycelium alone . Eimechebe ( 1380 )

observed similar results, that non-sporu iatlng cu’iut”

on PDA did noit cause disease in inoculated plants, but

did not give a reason for his observation. Probabl

myceHlum lacks enough energy and enzymes and when

deposited ©ON the host surface is 1incapable

penet -"ati ng the host to cause disease.

Observations made on all the eleven farms

indicate elearly that the Citrus leaf an@ T u-t spoi

,® has reached severe epidemic Ilevels. The disease

control failure could be attributed first, to 90% of

the farmers who sprayed only when they noticed severe

disease symptoms. This 1is bad timing. Secondly, severe

epidemic conditions exacerbated by the high amouius g<

inoculum levels from hosts and litter, ( 39.4 x *0

spores/leaf- ljtter of a single tree ) and heavy ralins

Appendix lla ). Thirdly, there 1is 1increasing

awareness among the Tfarmers of the negative side effects

GFf the fungicides being used. Kocide 101 was more

popular among the farmers because it was cheaper and

more Tamiliar than most of the other fungicides.

However, due to suspected phytotoxic effects on Citrus

fruits, farmers are apprehensive of using the

fungicides. As a result, 50% of the farmers were

spraying very low dilutions of the fungicides while some

were only spraying occasionally. This defmetely leads

to poor disease contiol.
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Spore counts suggest that the primary source of

inoculum of this fungus are the spores, produced 1in

abundance on infected material 1intact on the plants Cr

in litter and most probably disseminated b—y wind ano"

water splashing, Litter fr4, 3 single tret fon Uss
"ound to produce approximately 39.a x 1n- spore* T hpi

severe infection and the resultant epidemic conditions

must be an outcome of this high 1inocculum levels am

favourable enviromental conditions that 1include hmr

rainfall and high optimal temperatures of p5-p6°r

(Appendix lla ).

Evidence accrued from field observations of rho

disease pattern strongly suggests that the d?A-ad-SG

epidemics occursd in the short rainy season towards fhe

end of the year, particularly from late August- Th"c- -J-

because the new flushes of leaves formed durina the n-y

season were disease free just before the rains stmt-H

but probably with Jlatent infection. Scattered, small

non-sporul ating lesions were only seen on a few old

leaves and fruits. However, three to four weeks nf>Gr

the onset of rains, disease symptoms started to

on the new leaves. Lesions on the old Ileaves

and sporulated two to three weeks later, Thio . y28s10d

leaves must have

that 1infection on the young
on

the revious seasons lesions. This also «
P suggests that

are able to

probably the spores of this fungus survive

SCross seasons.



tr.. previous seasons lesions. This also suggests that
probably the spores of this fungus @aré able to survive

aCross seasons.

Comparative studies on growth of the fungus on

-ni-id and liquid media 1indicate that liquid media

supported fTaster growth ( Appendix VIII ). The fungus

showed® réggﬁ—i!tﬁd growth on solid media ( plate 5 ).
g-owth was more vertical than horizontal on the solid

“d 1a and appeared to be utilising agar as well.
Diffusion od nutrients in solid medium is ver’y slow
(Cochrane 1958) In vertical growth, the fungus wa:
utilising nutrients from a limited area of the
nedium. EHE QHQW rate of nutrient diffusion would
ply essential elements to the colony at a rate too
low to suppoi‘t faster growth. IT it also utilised agar
as a S,V>J..rce_ of 1its carbon, agar being a complex
bohydrate, the fungus would take longer time breaking

cat

. into utilizable compounds, therefore, could not
it down

the growth rate of the fungus. 1In liquid medium,
enhance
.. m_ distributed over a larger surface area and
growth iIs u w

nutrient diffJeinn is faster hence the fungus is able to

q row faster than on solid media.

In both solid and 11Puid media optimum growth

was suppo¥{ga hv media with the Orange leaf extract,

Thi. V ,i(@f, the natural host material, such a medium
i

probably provided the nutritional requirements in



appropriate proportions and form for the fungus. Good
growth was also obtained from Potato dextrose
medium, whereas reduced growth occurred on corn meal and
potato carrot media . Good growth in PDA <could be
attributed to dextrose which was not 1in PCA and CMA.
Dextrose 1is chemically a more ready source of energy
than the more complex carbohydrates 1in corn meal and
Potato carrot. Potato carrot is generally known to be a
poor medium hence it supported minimal growth. Lack of
dextrose was also observed to be a limiting factor in
sporulation. All the five solid media with dextrose
supported sparse sporulation 1in the first two weeks.
When dextrose was added to TWA, PCA and CMA, sparse
sporulation occurred as in Orange leaf extract agar
and Potato dextrose agar. Probably, dextrose

prOvided the essential energy needed for spore

production.

In all cases, spores were only produced at the
edges of young cultures of up to two weeks old. Older
cultures seemed not to sporulate. Similar observations,
without explanation, were made by Kilpatrick and Howard
( 1956 ) on some species of Cercospora. Generally, fungi
ate known to produce conidia when the colonies are old
and autolyzing. This 1is contrary to what was observed
for P. angolensis.

Results on PH tests ( Fig-5 1y jpdicated that

the fungus grew over & Wwide initial pH range of 3 to 8,



but optimum growth was between pH 5 and 6. Cochrane (
195g ) also observed that most plant pathogens grew best

in media with an initial pH of 5.0 to 6.5. The fungus

able to raise initial acidic pH and lower basic pH.

Preithwi ( 1970 ) working with some species of Cercospora
h3d similar results. During growth, the pH of the

medium is affested fy the metabolic activities of the

L us. Absorption of anions could raise 1it, whereas
absorption of cations or formation of organic acids
couid lower it. The pH of the Citrus leaf extract was
s.6. This probably explains the in vitro preference of

the fungus to pH 5-6.

Optimum temperatures for growth of the fungus was
opsgerved to be o5~26L¢ | EI§ 3 )- This suggests that
this fungus is a mesophile. Field studies also revealed
that maximum temloerratures in Kitale region are in the

range 23-280C ( Appendix Ila ). This is probably one oi

the factors that explains why the disease incidence is

) } r.his region, and not found in other Citrus
high 1in

_ like Coast rovince or Central rovince,
growi ng atea” P P

where temperatures are generally higher or lower

) t, n the observed optimum temperature fnr
respective ly. Ira

I nqolensis. h timal temperatur
the growth of P angolensis. Suc op a emperatures

coupled will Pigl'lyvy of rains would enhance severe

. .. , thg field. As observed from rainfall
epidemics in oOn

statisticy X §_<Bn<e(ng ix Ha ) , rainfall in Kitale 1is

) __ HiQtributed with the aty seasons stiH
fairly We if U I-
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receiving seme rains.

Sar.nnet ( 1950 ) suggested that the influence
light on fungal growth may be due to the total energy
received by the Tfungus. It was suggested that
carbondioxide fixation 1is 1increased in Jlight, thus
favouring more growth, hence continuous white light
seemed to support more growth than other 1light regimes.
Average monthly weather statistics Tfor the year 1990-

1991 indicate that Kitale had 1long periods ( over 7

hours on the average ) of sun light throughout the year.

Tests with fungicides showed that all the four
fungicides 1inhibited spore germination at all dilutions
0.1 ppm - 10000 ppm ( Table 5 and 6 ). This 1is 1in
contrast to the situation in the Tfield where the fungus
continued to proliferate despite sprays with some
fungicides like Kocide 101. Under field conditions, this
fungus was observed to produce abundant conidia.
Materials brought to the Ulaboratory easily lost conidia
by drop off. Conidia dropping off from lesions 1in the
field probably remain suspended 1in the air supported by-
air currents. Some conidia get washed down into the
litter by ram or are blown to other vegetation in the
vicinity. Leaves and fTMjits dropping off the tree with
conidia also 1increase the 1inoculum 1iIn the Jlitter.

Fungicides normally att sprayed on defined trees. Lots

of conidia in the air, 1litret «nd on other vegetat -on



the sprays. Through wind and water splashing,
tha,p conidia serve as inoculum whenever conditions a”e
favourable for infection. Careful spraying to cover the
whole plant and other vegetation close by 1is necessary
but expensive therefore not practical. Good sanitation
involving burning or burying inter and clearing of all

unnecessary vegetation would also 1improve disease

control.

McClellan ( 1342 ) observed that toxic materials are

f effective at the optimum temperature of the
or-g"nism concerned and that both above and below this
optimum temperature, these materials are more toxic.
pnars ( 1932 ) supported this, when he observed that
nder conditions of high disease pressure like 1in severe
epidemics, most protective TfTungicides fail to give
,tjc.factory disease control . Optimum growth conditions
f r thiQ fungus were found to be 25-26°C, with adequate
rain, | iikmt. These conditions are optimum in Kitale
almost ail the year round. This could be another reason

t be advanced for the difficulties being experienced in

the control’ o AR Jisease.

During F® =survey, all Citrus species on the

orchards wer® found t° be equally susceptible to the

) According to Bollen ( 1982 ) such
disease.

susceptibifity " o gjl species would also enhance severe

n _® farmers had neglected their orchards
epidemics. ocme

which were ump»dgﬁgg and getting overgrown b> weeds and



only spraying them occasionally. The weeds could act as
noc ulum 5nore traps . Lewis ( 1S80 ) observed that
poorly nout ished plants have reduced resistance and are
b re suscept—””e' He also observed that unprooned
trees are more difficult to spray and lead to survivel
JF pathogens 1in parts where fungicides do not reach.
He suggested that there is positive correlati®f BetWeen
. in number of leaves on termina shoot and
increase in disease on the shoots, and tha the amc>unt
of fungicide spray coverage and deposit de €ases with
~N_.0 hp-iaht of the trees, also depends upon thp
.praying equipment. All these factor. could be
Conoributing to severe infections 1in Ki tale region .
Ancthen limiting factor to the disease control could be
mgnerect use of fungicides. Farmers complained of the
il washing off the fungicides from the plants,
Revere epidemics occur during the rains, when wash cff
ic greatest. On the other hand, farmers who Tfeared
phytotoxic effects of Copper fungicides on Citrus trees,
found the fungicides to be costly were applying
fungicides at lower dilutions than recommended dose

rafes. Such dilutions would reduce fungicide tenacity.

Dan Neely ( 1970,1971 ) observed that in order to
protect foliage from pathogenic fungi, fungicides must
f;rct be deposited on the leaves surfaces, res Ist

.ion by weathet ing agents and retain the er fungi toxic

,afBrter through wvarious phiysical, biologlcal a»d



chnemicar Freactions. The amount of materia®! remainire on
tr.e plant surface to produce protection against plant
pathogens depends on the amount of material which sticks
the [leaf during spraying and the amount of residue
which remain after weathering. This 1is influenced by
the type of foliage to which it 1is applied. Smooth
foliage like those of Citrus loose deposits more quickly
h~nce they need to be sprayed more often . Frequent
spraying of the Citrus is not a common practice to most
farmers in Ki tale region. Physically, the amount of
residual fungicides may be reduced by wind and rain or
PVen undergo photolysis in periods of hot sunny weather.
j these weather conditions prevail in Kitale, hence
weathering could be a limiting factor 1iIn disease
controle Farmers should be encouraged to spray at the
night time with correct fungicide concentrations to
ensure good tenacity. A fTungicide formulation with
preferably a sticker and spreader to increase foliage

retention of fungicide could also be useful.

nan Neely ( 1971 ) observed that if protectants Tike
Copper fungicides are being used, spray timing becomes a
critical factor in the management of disease to affect
its further development. Most farmers seemed to spray
only when the epidemics were observed. fliis was then
too late since protective fungicides we”e being used.
Treatment must begin at bud break or bi> th of new

suscept lhie incli mlduals. The amount of fungic ’des



77

needed for disease control and the number of days
between the applications should be timed according to

the development, severity of the disease and weather

condi tions.

Results from this study indicate that effective
fungicide doses differed among the tested fungicides.
Higher concentrations of Copper fungicides were required
to inhibit mycelial growth, as compared to Dithane M45
and Antracol. Mycelial fragments that failed to grow in

Copper Tfungicides developed into colonies when

subcultured 1in potato dextrose agar. This suggested
that even at high <concentrations, these copper
fungicides were only fungistatic. Those fragments

subcultured from Dithane M45 and Antracol failed to

develop into colonies on PDA. Hence Dithane M45 ancj
Antracol could be fungicidal at concentrations above
10ppm.

Results also indicate that some fungicides like
Copper Oxychloride could promote Tfungal growth instead
of being fungitox ic, 1ii applled in doses much below jts
LDcg - Cultures maintained on medium with 10 ppm of
fungicide had betLlei® growth than the <control ,
Generally in vitro growth of the fungus on these levels
of Copper fungicides ( less than 10 ppm ), strongly
suggests a potential of the fungus becoming resistant.

This calls for close mom toring in the field. However,



this 1is not conclusive and therefore fTarmers should

be strongly advised to use fungicides 1in their correct
recommended doses. Kocide 101, a Copper fungicide, was
found to be popular among the farmers. Farmers contend
that it 1is cheaper and familiar to them. Before the
introduction of systemic fungicides, Copper fungicides
predominated the Tfungicide world. if used 1in correct
concentrations, they are known to redistribute well and
resist weathering ( Barnes, 1976 ). They reduce
inoculum potential by reducing conidia! production,

their germinabi lity and rate of germ tube elongation (
Torgeson, 1969 ). They are fungistatic through a non-
specific denaturation of proteins and enzymes. The
fungal spores accumulate free 1ionic Copper which
denature or precipitate the proteins inactivating the
enzymes particularly those requiring free sulphlihydry]
groups ( Buckel, 1980 ). Though results from cultures
show that very low dilutions 0.1 ppm were effective
against spore germination, higher Copper concentrations
are needed for spore toxicity 1in the field during heavy
rainfalls. However, farmers fear copper fungicide
phytotoxic effects on the trees. As a result they may
not be complying with this requirement. Chlorosis of

brown to purple flecks on the leaves and fruits a”e the

reported Copper phytotoxicity in plants.

nubin ( 1974 ) reported that Copper required a pH

R 10 or rap 9 uptake and that there 1is feduced uptake
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p-, - -,-7,5. The pH of Citrus extract was found to be
s 8. This probably would reduce the uptake of fungicides

b* the con idia leading to reduced fungicide

effectiveness 1in the field.

From field studies it was Jlearnt that to avoid
hiah 1input costs, fTarmers applied fungicides in mixture
combinations with oil sprays and insecticides. Although

ich mixtures are recommended to reduce the risks of
resistance development, Togerson ( 195S ) observed that
r,il reduces Copper redistribution and 1its toxicity to
conidi a. It flocculates the Copper 1into larger less
toxic particles. Fishier ( 1961 ), however, reported
that oil sprays affected stomata! behaviour of Citrus
affecting 1its transpiration rate. The Tfungi thus have
difficulty 1in penetrating the stomata and find the
physiology of the plant so altered as to provide an
environment unsuitable for their optimum growth . In
vitro, mycelial growth was 1inhibited on media with oil
alon®i but media containing both oil and Copper
oxychloride, supported myceli d* growth. The explanation
to this is that, the oil reduced the Copper
redistribution and toxicity. Therefore farmers should
be discouraged from making fungicide mixtures with
insecticides that repuire white oil. Generally, farmers
should be advised to make pesticide mixtures recommended

Lp expert® onl}.

riti ane mjc iohibi+@ both spure gOlminatim amx
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Ny .e lial growth ( Fig 6 ) . 1tS TOW LDcg of 0.03 ppm
Ino::ates that very low doses of the fungicide would be
necessary for disease control. Dithan© M45 1is 3
fungi i1de comb ination of Maneb and Zinc 1ion with
reported good stability, retention and activity. it
inhibits energy production by reacting with co-enzyme
lipoic acid dehydrogenase. It forms complexes with
metal containing enzymes thus inhibiting a large range
of enzymes ( Lyr & Horstyl , 1987 ). This explains the
high effectiveness of the fungicide. Stefan ( 1935 1
reported recurrent effects among leaves treated with
mancozeb due to altered 1intr5 and iInterspec if”
competitions. This can be avoided by applying enough

initial doses and then alternating 1its use with rnn--"r

fung icides.

Results  show that Antracol is as gffective as
pi thane M5 ( F'g. 6 ). It had a low LDca, of 0.25 ppn,
and inhibited both mycelial growth an4 spore
germ ination. Anti a"-ol is a dithiocarbamate fungicide
introduced in 1966 ( Martin, 1969 ) with specific site
inhibition at succinic dehydrogenase. Beever ( 19°n 1
reported that Antracol inhibits mycelial growth more
than spore germination. Lyl & Horstyl ( 1937 ) cbser"e

that Antracol is effective as a protectant, but can also

penetrate the host to intiibit post Infection g move to

ullL¥eated portions of the pl3nt fOr preventive

cu arive Offects. |- !" 7epOrted to have g00d regicl. al



@1 it. and its effects ON non--tar get organisms are
<sijq to be minimal due to its selective toxicity. It s
ald to have mild cytokinin effects on a fewl Plants an.c
del a: macufiLy> though vyie are inc reased

Resistance however gan occur since it 1is a specific

AP il
_j*+, inhibitor. To delay or prevent development oi'PJ'

resiscéii'-'c— &fjg use can be alternated or combined 1in
e £l t v\XliIth multisite inhibitors such as Oi thane M45 or

hP Topper fungicides . Antracol 1is cheap and can be a

ute <-or the expensive systemic fungicides cm the
0OJJSsS 1t 1m

market.
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CONCLUSION
Results from this study indicate that th
e spo-e
inoculum 1Is available throughout the ve” )
The fruits
and leaves of all Citr -
n species at all ages are
susceptible to infection by this funailJ<
"the reduction

in dependence on fungicides foe ) )
or control of this disease
is therefore limited. W= r- ) )
n oniy try to reducg geei—>
by good prediction, careful choi
lce and use of

and, improved cultural p i
!' praotices e .g

fungicides,
al

pruning, and destruction of the
pathogen through remove

and burning of infected materﬁa|

. . A _
Data obtained 1in thy Qtuéw 8o net - -
adequate:;,
support the hypothesis that
the pathogen has developed
resistance to the conventional funaic%? .
IC/des . Be e:a
may there is an indicatijy, that i
improper use of CopPe-
fungicides could result . di
I diS€ase Control failu-ro jpri

consequent resistance. The cui rent poo
P n control g-

disease could be attributed mainly to,

1. Very high susceptibility of £
y g P y all Citrus specie .-
disease in this region m@% - .
ulting iy gsoysre
ep’dem
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Poor cultural practices e .g. prlining, abandoned
trees, general field sanitation etc. Farmers must be
advised to prune, and destroy the pathogen through
the removal and burning of infected material.

Lack of early diagnosis and precise identity of the

pathogen that resulted into epidemic outbreaks.
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Appendi = 1
Data Sheet
Date
parih No........... Name .......
Type
of trees .......

Ci trus acreage or No.

Quest ionna ire

When did you notice the infection ?

What Tfungicides do you spray ?

How often do you spray ?

3.
4. Why did you choose these fungicides ?
5. What method do you use for spraying ?
6. What crops are affected by this disease ?

7. How much control are you having ?
How much fruit do you sell 1in a year ?

9. What do you plan to do in future ?
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Appendix Ila

A,sr5%p monthly weather statistics

KI tale Oct 1990 - Dec 1991

Month Rainfall (mm) Temp °C
max
Oct 105.9 26.3
Nov 70 .0 26.2
Dec 42 .1 26.7
Jan 18.7 23.1
Feb 47.5 29.1
Mar 85 .1 27,8
Apr il 144.2 23.3
May 151.0 25 .1
June 120.5 nz.9
July 138 93-5
Aug 164 24.7
Sept 104 25.1
Oct 102 26-4
Nov 82.1 26.3
Dec 45 26.8

11.3
11.7

11.8

11.6
12.3
13.7
13.1
12.9
11.4
10.3
11.2
11.3
11.7

11.9

Sunshine hour

7.9

.0

c.0

Meteorological Department Monthly Reports
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Monthly rainfall (mm) and temperature (°C) for

Appendix lib:
Chiromo area of Nairobi (1991).
Temper,atime (°C)
Monl h Maximum Minimum Rainfall (mm)
January 23.7 12.9 92.9
February 25.7 14.2 139.4
March 24.2 14,6 63.5
April 23.4 14,9 7.8
May 23.6 14.1 7.8
June 22.2 115 15.7
July 22.1 13.6 9.7
August 21.2 11.6 163
September 24.6 11.4 247.5
OeLober 25.3 13.8 215.8
Novembcr 22.8 14.1 26.8
December 23.1 13.7 52.7

Source: Meteorological department monthly reports
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Formulae for media
Tap water Agar (TWA)

(a) Tapwater 1 litre

(b) Agar 15 gms

r,,e tap water and a9ar were autoclaved for fWnty A
e -wency minutes at

12 1°C
Potato Dextrose Agar (PDA).
(a) Potatoes 200 gms
(b) Dextrose 20 gms
(©) Agar 15 gms
1 1itre

(d) Distilled water
The potatoes were cleaned with tap water, thinly peeled and

The slices were rinsed with distil

into thin slices.
1 litr& of

into a pyrex beaker containing
The juice was then

cut

water and 200g put

distilled water and boiled until soft.

layer of muslin cloth. 200 nf¥f

filtered through a double
added and heated till

dextrose and 15g of agar were

The mixture was made up to 1 litre with distilled

dissolved.
water and autoclaved for twenty minutes at 121°C.
Corn Meal Agar (CMA)
(a) Maize fTlour 20 gms
(b) Agar 15 3ms
(c) Distilled water 1 litre

The flour and water were placed in a saucepan and then heated

continuously for
layer muslin cloth.

thirty minutes.

till boiling and stirred

The juice was filtered through a double



The agar and dextrose were added and heated to dissolve. The

mixture was made up to one litre with distilled water and

then autoclaved for twenty minutes at 121°G.

Potato Carrot Agar (PCA)

(a) Potatoes 20 gms
(b) Carrots 0 gms
(c) Agar 15 gms

1 litre

(d) Distilled water

Peeled and washed potatoes and carrots were boiled until

soft. The juice was Tiltered through a double layer muslin

cloth. The agar was added and heated to dissolve. The

mixture was made up to one Jlitre with distilled water and

then autoclaved for twenty minutes at 121CC.

Orange leaf extract agar ( OLEA )

(a) Orange leaves 150 gms
(b) Dextrose 20 gms
(c) Agar 20 gms
(d) Distilled water 1 litre

Fresh sweet orange leaves wete W%%%qgl, washed with distilled
litre of distilled water for 30

water and then boiled in
decoction was Tiltered through

minutes (Emechebe 1980). The
-~ anct dextrose added and

muslin cloth, the aga
¥H8 mi§EHr8 was made up to 1 litre with

wentx minutes at
we e

double [layer

heated”™ to df%sofVe.
distilled water and then autoclave& ¥ﬁ¥ %

12 1°C .
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sut face area

Leaf area
(cm'ES

s 2S
22 4
15 7
o 40
29 42
48 co
40 is
43 27
45 n5
46 54
60 21
19 35
23 31
22 24
28 28
36 26
26 24
34 24
28 21

Qp 19

Count anri - .
No. of lesions
lesion

1S 23S
54 5
11 10
% 4
89 1
62 2
40 3
40 1
34 11
16 14
39 7
18 6
20 13
?C 1
55 7
25 4
29 8
29 9
89 1
19 4

| |
mat 70on

infected .« . f

5 infec

sucface

IS 25
98,2 0.p
15.1 -7
82.2 1
98 9 -1
92 =
91.8 1
99.9 1
98. 1 N

7.6 P
85.8

72.9 )
88.5 7
82.2 -1
83.6 0
47,8 .1
098. 1 mo
64.9 -9
57, 1 -1
99.9 9



pend : IV
Leaf "4
0

(cm™)
1S 2S
9f 4
15 25
or 40
23 42
48 C¥
40 u5
43 27

35
45

54
46

21
60

a-
10 v

, 31

o4
99 24
8 28
36 26
26 24
34 24
8 21

19

22
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Lesion count and

surface area.

No. of

1S

54

11

89
62

40
40
34
16
39

18

20

23

55

25

29

29

89

19

lesion

estimation

lesions

2S

*a

10

11

14

of

infectsd lea
tnr cCtfu
surface
1S 2S
aq o 2
15.1 -7
o0 -l
95 .2 o
91.8 ]
99.9 1
98.1 6
7.6 B
85.8 5
72.9 Q
88,5 q
8§2.2 1
83.6 0
47 .8 1
98.1 _9
64.9 _0
57.7 1
99.9 i9
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d v Lesion count and estimation of infected 1le
ppend e

surface area.

Leaf area No. of lesions « infect0
(cmgj lesion surface

1S oc 1S 28 IS 25
LG 4 54 P qq o B g
15 95 11 10 15.1 7
00 40 °f 4 82.2 1
29 42 89 1 98.2

40 32 62 e 92 0
40 15 40 91.8 1
43 27 40 1 99.9 1
45 96 34 11 98.1 6
46 54 16 14 7.6

60 21 39 7 85,8 1
19 35 18 6 72.9 2
00 31 20 13 88.5 1
22 24 23 1 82 .2 1
28 28 55 T 836 o
36 26 25 4 47.8 1
26 24 29 8 98.1 2
34 24 29 9 64.9 0
28 21 89 1 57.7 1

09 19 19 4 999 9
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fey to appendix 1V

15 = first sampling

2s = second sampling 1s

Average No. of lesions/leaf = 47

Maximum No. of lesions = 89
leaves

Averages were obtained from 50
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Appendix V

Comparison of conidial |lengths of Phaeoramularia ango Jensi

and Phaeoisariopsis griseola

Relative Frequency

Conidial
length (um.) P. angolensis P. griseola
0-9.9 0 0
10-19.9 16 0
20-29.3 22 0
30-39.9 14 16.7
40-49 .9 18 23.3
50-59.9 22 40
60-69.7 4 16.7
4 3.3

?0-79-9
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Appendix Via %5

L. . . at different temperatures and PH levels.
Cor-i dial germination

on Total spore No . germins ted*
Temp. c
count*
0(0)
2 12
0-E 10 0
16 0(0)
6
17 0(0)
6-8
14 0(0)
15
16 9(56)
20
16 14(93)
21-24* =*
16 15(94)
25
15 14(93)
26
16 0(0)
30

*

each figure 1is an average of five

* * room temperature
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Appendix VIb

pH Total spore No. germinated*
count*

0 15 5(33)**

o) 17 8(47)

4 14 13(93)

5 13 10(78)

5 6 14 10(71)

6 16 11(69)

¥ 15 10(67)

8 13 8(62)
Distilled (5.35) 14 12(86)

water

* each figure is an average of five.

** Numbers in brackets are percentages of germinated spores.
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Appendix VII:

Dry mycelial weight (mg)

Orange leaf extract
Liquid

Reps Solid

580

2 562

591
593
582

771
756
761
791
734

Mean 582+11 763%+19

Potato dextrose
Solid Liquid

501 721
544 734
532 736
501 691
51u 702

518=17 717=:8

Incubauon period for solid media = 5 weeks
Incubation period for liquid media = 2 weeks

pH change of 'iquid media:

Orange leaf extract

Potato dextrose
potato carrot
Cornmc

Initial
5.4
5.9
6.1
6.1

rihrate
6.4

6.2
6.15
6.2

Effect of media growth and sporulation of P. angolensis at
room temperature (21-24°C).

Com meal

Solid

492
491
488
476
49 1

488+6

Liquid

622
641
652
593
616

624=21

Potato carrot
Solid Liquid

47 1 441
472 412
450 444
471 423
474 424

46-8=9 429=13
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Appendix VIII: Effect of different light conditions on growth and sporulation of P. angolensis
after 14 days incubation at room temperature (21-24°C).

Dry mycelial weight (mg).

24 hours 24 hours 24 hours 24 hours 12 hours light/

Reps white light darkness red light blue light 12 hours darkness
1 612 541 599 561 582

2 645 552 576 550 578

3 606 534 584 562 584

4 599 571 563 550 583

5 634 553 568 581 560

Mean 619=17 550+13 578+13 561+11 577%9

Sporulation Nil Nil Nil Nil Nil
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Appendix (X) Character Score of some fungi

Character

I COLONY
Effuse

Velvety
Immersed

Olivaceous brown

11 Stroma
Erurnpent

Subs tooiatal

Tti setae and hyphopodia
present

Absent

XV conidiophores
Macronematous
Mononematous
Caesp iLose
Unbranched
Loosely branched
Straight
Flexuous

Smooth

Olivaceous brown

Fungi



Vi

VI

1Q3

Con7diogeneous cells
~olyblast ic

Intergrated

Terminal becoming 1intercalary
Sympodial

Cylindrical

Cicatrized

Ramoconidia
Present

Absent

Conidi a

Dry

Single

Catena late
Acropleurogenous
Hyali ne

Smooth

El lipsoidal
Broadly fusiform
Rounded ends
Truncated ends
Pigmented

Septations

G
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+ = Present

o = Absent

* = Description not given in literatur
A — Phaaoramularia muntanola

B = Kenyan isolate

C = Phaeo isan opsis gnseola

n = Migerian iso late

p CM1 descriptions of P. angolensis



Appendix IX
ppm
0.01

0.025

0.25

10
100
1000
2000
3000
3162
3548
4000

5000

log Table
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.6 ( 2.4) = LD5n Dithane M45

w

2.7

~

(1.3 )

6 (1.4 ) - LD5q Antracol

.3 (T.7)

.18

.48

.5 - LD5bg)Kocide 101

.55 - LD50 Copper Oxychloride
.60

.70



