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ABSTRACT
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Kenva. The causal agent is identified as Fhaeoramularia 

j». jo lens s. The disease has assumed epidemic levels in 

Wests* t: Kenya and it is a m a t t e r  of time for i t to 

s p read to a 1 1 Citrus p r o duc i n g a r e a s  in the c o u n try . 

The control of the disease lias been d i f f i c u l t  and

termers !i a \ e e x p ressed rear that t n e f u n g u x n • ci y r “ 

resistant to fungicides. The isolation of the fungus 

was reported to be difficult, and in culture the fungus 

was said to s p e culate o n 1 y in me d i a c on t a i n i n g an

extract of Citrus leaf and fruit peel.

T h e objective s o f tin s study were to isolate and

elicit acter i se the causal agent of the leaf and fruit spot

disease, determine the most favourab1e c o n d i t i o n s f o r

growth and speculation of P. angolens is , and to carry

out in vitro tests on the response of the fungus to 

selected fungicides.

Field surveys have shown that the disease is severe 

on all s p e c i e s  of C i t r u s  g r o w i n g  in T r a n s - N  z o i a 

district, it. was found that the d i s e a s e  o c c u r r e d  in 

epidemics whose severity coincided with heavy t a :ns '1om 

August to December. Random s a m p l i n g  i n d i c a t e d  that 

6n h % of all fallen leaves and 1 u 0 A o f t he ci rop p e d
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Morph i i o g i o a 1 c h a r a c t1eristics of the fpngijs from

nr a 1 1 y a 11 c j a r t • t i c 1 a 11 y infected plants, and axenic

cultu r e s , showed that this •fungus belongs i:.o the genus

Pha s e r  a m u 7 a >' / a . H o w e v e r . fro m t h e 1 ' t e r- a t u r e , the

distinct i on between the g e n e r a  P h a e o r a m u 1a r i a  and 

Phaeoisariops ' s is difficult and requires a taxonomic

reapprais a l .

I s o l a t e s  of p  . a n q o 1 s n s 1 s w e r e  t e s t e d  fo r 

P a thogene c i t y o n disease t ree C i t  r  us s e e d l i n g s .  An 

inoculum from two week old s o l i d  c u l t u r e s  p r o d u c e d  

t y p i c a l  d i s e a s e  s y m p t o m s  on y o u n g  C i t r u s  p l a n t s .  

Lesions developed slowly, taking almost seven months for 

definite necrotic lesions to be formed from the time of 

i n o c u 1 a t i o n .

Growth in liquid media was m o r e  than in s o l i d  

media with a mean difference of 17% + 3 The Orange 

leaf extract gave more growth than other media ( viz, 

Tap water, Potato dextrose , C o r n m e a l , Potato c a r r o t ), 

mean d i f f e r e n c e  25% + 15 . S p a r s e  s p o r u l a t i o n  was 

observed on all solid media amended with dextrose. No 

sporulation was observed in media without dextrose,

i i qu i d rned i a and i n so l i cl c 11 u res mo r e than iwo weeks

G i ow i* 11 :ur red b e 1, w e e f1 G ■• 30°C w 1t h the outimum at
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The best m y c. e 1 i a 1 g row th w a s obt:ain e d i n c u 1t u t e s

i i-,r jbated i n conit i nuoLis wh 11e 1 i glit.

In \-/ tro t e s t s w ' t h Coppe r C7, vr h- j - • • or ide ( 5 i

K O C '\ d e 1 0 I 1 C o p [0 e r W v ij t“ i de , 5 0 1W d , A o f r a c o 1

( P-'Opi neb 70 % W P ) and T71 1 haoe M 4 5 (M aneez eb 8 0 t W P ) showed

tli at these f u n g i c ides w ere ef f ec t i ve i n S  L q  n  n  i ng spore

germi nat i on . How e v e r , Koc ide 101 and Copper' Oxychlo,'i de 

were not effective against mycelial g r o w t h , but Antrace i 

arid D i thane M4 5 were. Their- d i f f e r e n t i a l  e f f e c t s  on 

mycelial growth was significant P < 0 .05, although the 

difference between Kocide 101 and Copper Oxychloride, 

a n d  b e t w e e n  D i t h a n e  M 4 5 a n d  A n t r a c o l  w e r e  n o z 

significant. The LD^fi for Antracol and Dithane M45 was 

f o u n d  to be l e s s  t h a n  1 0 pprn a n d  t h a t  f  o r C o p p e  r 

Oxychl or i de and Kocide 101 more than 3000 ppm.



1.0 INTRODUCTION

1 .0 Background to the problem

Tne Citrus originated i n N o r t h - E a s t  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 

a r e a s ,  c o m m e r c i a l  p r o d u c t i o n  of t h e s e  f r u i t s  is 

c o n c e n t r a t e d  in subtropical c o u n t r i e s  m a i n l y  with 

med 'i ter 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 c i t r u s  a r e  f o u n d  in K e n y a .  T h e s e  are: C i t r u s

s i nensis Osbeck (the sweet o r a n g e )  , C. iimoni B urm 

(the lemon), C. a u r a n t i f o l i a  S w i n g l e  ( the lime), 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 p r o v i n c e s  w i t h  o v e r  f i f t e e n  

thousand hectares are the leading producers of Citrus. 

Western, Central, Nyanza, N o r t h  E a s t e r n  and Nairobi 

provinces have a total of over five thousand hectares
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P r o d u c t i o n  and imp r o v e d qua! i t y h ave ,

notwithstandm g .  never been sufficient to meet the local 

demand. Tne government in collaboration with FAO made 

c o n s i d e r a b l s efforts to e x p a n d  and supp l y  the home 

market with high grade Citrus both for fresh consumption 

and f o r  p r o c e s s i n g .  P l a n s  w e r e  m a d e  to i n c r e a s e  

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 in the same areas. Such an 

increase in hectarage was expected to produce 30,000 - 

35,000 tons of oranges . Statistics show that although 

there was increase in h e c t a r a g e ,  t h e r e  has been a 

dramatic drop in the sweet orange production over the 

p e r i o d  1 9 8 8 - 1 9 8 9 .  In N o r t h  E a s t e r n  p r o v i n c e ,  as 

hectarage increased 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 at t r i b u t e d  to d i seases and pests. ( M i n i s t r y  of 

Agriculture Annual Reports, 1988-1991 ). Production of

s w e e t  o r a n g e s  in the c o o l e r  W e s t e r n  and C e n t r a l  

provinces has been c u r t a i l e d  m a i n l y  by the g r e e n i n g  

disease caused by a virus. A new leaf and fruit spot 

d i s e a s e  c a u s e d  by P h a e o r a m u 1a r i a  a n g o l e n s i s  has 

aggravated this production drop and worse consequences 

are expected if measures to c u r b  the s p r e a d  of the 

disease are not taken soon.



1 Literature review

Tre ^orm genus Phaec-rantu 1 a >~ia belongs to the form 

fami y S t i 1 be 1 1 aceae of form c '■ ass D e u t e r o m y c e t e s  ( 

A 1 e>. opo ■ 1 ous , 1 979 ) . It 1 s c h a r a c t e r  i sed by effuse,

o n v a c e o u s  brown, often v e l v e t y  c o l o n i e s .  M y c e l i a  

m o s t l y  i m m e r s e d ,  s t r o m a  s m a l l .  C o n i d i o p  ho res

macronematous, mononematous, caespitose, unbranched or 

loosely branched, straight or flexous, pale olivaceous 

brown, smooth and cicatrised. C o n i d io g e n o u s  c e lls 

polyblastic, intergrated, terminal becoming intercalary 

or o c c a s i o n a l l y  d i s c r e t e .  C o m  di a s y m p o d i a l  , in 

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 F h a e o r a m u 1 a ri a  are p a t h o g e n s  to a 

wide range of plant hosts such as those in the families 

Compositae, Solanaceae, Anaca r d i a c e ae , Convolvulaceae , 

C u c u r bitaceae, Euphorbiaceae, Leguminosae, Rubiaceae, 

Sali caceae and Vitaceae ( Ellis, 1971 ). The form- 

species P. angolensis, the causal a g e n t  of the brown 

leaf and fruit spot d i s e a s e  of Citrus, is the only 

reported species of P h a e o r a m u 1 a n  a on h o s t s  in the 

family Rutaceae.

The brown leaf and fruit sport disease of Citrus 

has been reported in Nigeria, Zambia, Zimbabwe, Angola,
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verne'"' ( Kirk, 1 986 ) . In Nigeria the causal agent of 

the disease was initial 1 >• identified as S e p t a n  a c itri 

which is the causal agent of S e p t o n a  spot. Later on,

:t was icent!tied as Xanthomonas citri a bacterium known 

to cause Citrus canker. In 1979, the disease became so 

severe that closer attention was given to its precise 

identity arid etiology. The causal a g e n t  was then 

identified as a species of the genus Phaeoisariopsis ( 

Emechebe, 1980 ). However, Kirk ( 1986 ) described a 

similar fungus as P h a s e r a m u 1 a ria a n g o l e n s i s  citing 

C e r c o s p o r a  a n g o l e n s i s  as a s y n o n y m .  S e c o n d a r y  

m e t a b o l i t e  s t u d i e s  c a r r i e d  o u t  on P h a e o r a m u 1 a r ?a 

angolensis isolates from Kenya seemed to suggest that 

the fungus could actually be a s p e c i e s  of C e r c o s p o r a  

(-Si boe , 1 989 ) .

P h a e o r a m u 1 a n  a a n g o l e n s i s  is r e p o r t e d  to cause 

necrotic lesions of light to dark brown, surrounded by 

yellow haloes on the leaves. Lesions on the fruits are 

r e p o r t e d  to be b r o w n  in c o l o u r  w i t h  a b l i s t e r e d  

appearance. The centers of the l e s i o n s  are said to 

appear dark brown due to production of synnemata, 120­

240 um long. Conidiophores arising from a large stroma 

are d e s cribed as m a c r o n e m a t o u s  m e a s u r i n g  u p t o  240 um 

long. The conidia are cylindrical, acropleurogenous, 

catenu l a t e , pale brown to hyaline, o-4 sep^a^e, a few
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.3 Rationale

Emechebe (1980! reported that the isolation and 

culture of this fungus was d i f f i c u l t ,  and that the 

fungus speculated only on culture media containing an 

e x t r a c t  of o r a n g e  leaf and f r u i t  peel. 

The fruit and leaf spot disease is most prevalent and 

severe in Trans Nzoia district. F a r m e r s  f r o m  this 

district sold no fruits d u r i n g  the 1 9 8 6 - 1 9 8 8  p e r i o d  

T h e r e  w a s  1 0 0 %  t o t a l  l o s s  of i n c o m e .  T h e  s u d d e n  

o c c u r r e n c e  a n d  s e v e r i t y  of the d i s e a s e ,  and p o o r  

response to control m e t h o d s  have f o r c e d  f a r m e r s  to 

either uproot or abandon their orchards. All species of 

Citrus in the area of study were affected, hence there 

was no direct- link on the influence of the origin and 

genetics of the c u l tivars and s u s c e p t i b i l i t y  to the 

d i s e a s e .

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 in 

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 o ran 2 £- i f urgent set'on to stop the spread is not 

. ci !■ e n .

In view of the above p r o b l e m s  r e l a t i n g  to the 

:ontf*ol of the disease it was crucial that p r o p e r  

diagnosis, precise identify of the p a t h o g e n  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 c o n t r o l .

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 d e t e r m i n e  the most f a v o u r a b l e  c o n d i t i o n s  for 

growth, sporulation and dissemination of Phaeoramula n  a 

an go 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 incidence and diagnosis

2.1.1 Field studies and collection of samples

The study was e a r n e d  out in Trans Nzoia district 

where the disease is most p r e v a l e n t .  E l e v e n  r a n d o m l y  

selected farms within a radius of 30 kms from Kit-ale 

town w e re visited and disease occurrence and severity 

was a s s e s s e d .  F a r m e r s  w e r e  i n t e r v i e w e d  u s i n g  a 

Questionnaire (Appendix I).

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

acres, was selected and v i s i t e d  m o n t h l y  for one year 

(from Dec 1 990 - Dec 1991 ) to establish the disease

c y c l e .  C h a n g e s  in r a i n f a l l  a n d  t e m p e r a t u r e  w e r e  

obtained from the Meteorological department. Disease 

s y m p t o m s  on t h e  l e a v e s  a n d  f r u i t s  w e r e  m o n  i t o r e d  . 

P h o t o g r a p h s  of the d i seased p l a n t s  w e r e  taken. Leaf 

litter was sampled to estimate the amount of diseased 

leaves, fruits and approximate total inoculum in the 

litter of the orange trees. R a n d o m  s a m p l i n g  m e t h o d  

using a 50cm x 50cm frame quandrant was used ( Odum, 

1971 ). Numbers 1 to 10 were written on equal pieces of

paper, carefully folded and p l a c e d  in a toma 11 box. 

After shaking to mix, one number was blindly 

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



r _.w i n a poi i t ion corresponding to the picked number was 

s 3.mri' ed - i r s z , follower py every fifth tree. The leaves 

and fruits within the q u a n d r a n t s  for e ach t ree w ere  

collected and kept in labelled polythene bags. Diseased 

leaves and fruits picked from the trees were kept in 

s e p a r a t e  bags. All s a m p l e s  w e r e  t a k e n  to -he 

1a b o r a t o r y .



I 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 fruits in 

the litter also calculated.

A t o tal of 50 l e s i o n s  w e r e  i d e n t i f i e d  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 d e p r e s s i o n  p o i n t s  of an i m p r o v e d  N e u b a u e r  

haemocytometer. The number of spores in five squares on 

each half of the slide selected in an "X" pattern was 

counted at the low power ( 10x10 ) of the microscope.

The total number of spores counted multiplied by 1000 

g a v e  the n u m b e r  of s p o r e s  p e r  ml of the s p o r e  

suspension. An estimated spore count for each lesion 

was given as the number of spores per ml x 5. 

average spore count for 50 lesions was recorded. The 

a v e r a g e  c o u n t  of l e s i o n s  on 50 l e a v e s  w a s  a l s o  

calculated. The product of the two averages gave an 

estimated spore count per leaf.The spote count p e i leal 

multiplied by total infected leaves gave the estimated 

inoculum m  the leaf litter of each tree. To estimate
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.»• ~ ' - v r 5 re-5 affected, t - surface area o~ each of the 

5 0 1 e a v e s w a s m e a s u e c! b . a n a u t o m a t i c a r e  a -- m e t e r 

■' d e 1 t a - J Dev ice 1 . All l e s i o n s  on e a c h  leaf i- ere 

ca *efu-11 y cut out w< th a sharp scalpel . The surface 

area of the leaves without "lesions was m e a s u r e d .  The 

difference between the two measurements gave the area cf 

the les’ons on the leaf. The proportion of lesion area 

to the total leaf area was equivalent to the proportion 

cf the infected leaf surface area. Fruits were cut into 

halves to observe disease e x t e n s i o n  into the inner 

tissues of t he fruits.

-.1.3 Isolation and c h a r a c t e r ization of the fungus

The fungus was isolated from diseased leaves picked 

f r o m  t h e  t r e e s .  L e s i o n s  on d i s e a s e d  m a t e r i a l  w e r e  

e x a m i n e d  u n d e r  a d i s s e c t i n g  m i c r o s c o p e  f o r  f u n g a l  

fruit ific a t io n . 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 III ). TWA was used to 

suppress the rapid growth of s a p r o p h y t e s .  A x e n i c  

cultures of the fungus were used for further cultural 

and pathogenecity tests. Some fungal materials from the 

lesions on host leaves and fruits were mounted on slides 

a n d  o b s e r v e d  u n d e r  a c a l i b r a t e d  m i c r o s c o p e .

Morphological characteristics were recorded. Similar 

data were recorded for P h a e o i s a n o p s i s  grisso'a Ferrar is 

i s o l a t e  f r o m  the b e a n s as a r © p t e s © n a l i v e of
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P h * $ o ■ s .i cn s 1 s for t a >; o n o m i c c c m p a r i  so n s .

Morphological characteristics extracted from "■ i terature 

on the Nigerian isolate of P h a eoisariopsis (Ernech e b e ,

1 980 ) and of P h a e o r a m u l a ria a n g o  7 e n s i s  ( Kirk, 1 986 ) 

were also re c c e d e d .

Pathogenecity and disease development.

t W o week old cultures grown on potato dextrose agar 

( PDA ), ( Appendix III ) were harvested and marceratec;

in a waring blender for 30 seconds. Fifteen colonies 

were harvested to obtain a d e q u a t e  inoculum. Enough 

sterile d i s tilled water was a d d e d  to f a c i l i t a t e  easy 

passage of the inoculum through the atomiser. Ten 

disease-free potted Sweet orange (Washington navel and 

Valencia varieties, 60 cm tall ) s e e d l i n g s  used, 

were obtained from disease free nurseries in Nairobi. 

The plants were sprayed with the c u l t u r e  s u s p e n s i o n .  

They were then covered with p o l y t h e n e  bags w h i c h  had 

also been sprayed with sterile distilled water to ensure 

high relative humidity. Ten control plants were sprayed 

with sterile distilled w a t e r  only. W o u n d e d  pla n t s  ( 

plants whose leaves were scratched with a scalpel ) were 

also treated as above. The plants were kept under shade 

and after 72 hours, the p o l y t h e n e  bags w e r e  removed. 

T h e y  w e r e  o b s e r v e d  d a i l y  f o r  s y m p t o m s  a n d  d i s e a s e  

qg v p ]opment ( Conway 1976 ). Plants were not kept in the 

laboratory because such plants soon defoliated due to



lac!: of sun light. Monthly means of air temperatures 

were obtained from the M e t e o r o l o g i c a l  d e p a r t m e n t  ( 

Appendix lib ). Data on length of incubation 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

F o u r  d i f f e r e n t  m e d i a  w e r e  p r e p a r e d ,  P o t a t o  

dextrose ( PD), Potato carrot (PC) , Corn meal (CM) and 

Orange Leaf extract (Ole) ( Appendix III ). Agar was 

added to half of each medium prepared, the other half 

was kept in a separate bottle and used in the experiment 

( 2:3:2 ) below .

About 30 mis of each medium was poured i n 9 cm 

petri dishes. Uniform amounts of mycelia from ten day 

old cultures maintained on TWA were used to inoculate 

the media. Thirty mis of each medium was poured in 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 c o l o n i e s  on e a c h  m e d i u m  

were dislodged with a glass rod. They were oven dried

1 2



at G O :'C unti ] constant weights were obtained. The sixth 

colon>' fron each medium was used to rate sporulaticn. 

E v tra cultures on DCA and CMA a d j u s t e d  w ith 20 gms 

de-'trose/l iire were also i n c u b a t e d  and used to rate 

sporulaticn. Data on colony, conidi a and conidiophore 

characteristics were recorded.

Effect of liquid media on growth and sporulation

The liquid media p r e p a r e d  as d e s c r i b e d  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 a f t e r  a u t o c l a v i n g  as 

i n i t i a l  pH. T h i r t y  m i s  of e a c h  w a s  a s e p t  i cal 1 y 

t r a n s f e r r e d  i n t o  six r e p l i c a t e s  of 2 50 mis 

E r l e n m e y e r  f l a s  k s. The f l a s k s  w e r e  p l u g g e d  w i t h  

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 ex p e r i m e n t  ( 2.3.1 a bove). S t e r i l i z e d

distilled water was added to the colonies. The colonies 

were gently scraped with a s t e r i l i z e d  s calpel. 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 liquid media in the flasks. The cultures 

u/ere incubated at room t e m p e r a t u r e  i u 1 - 2 4 C 1 . 

Ordinary conditions of day and night were maintained.

After two w e e k s , the mycelial mats of five cultures



for each medium were filtered through thimble funnels on 

weighed filter papers. They were rinsed with distilled 

water and dried at 6 0 c’C until c o n s t a n t  w e i g h t s  w ere 

obtained. The sixth flask of each medi urn was used to 

rate sporulation. The dry weights of the fungus and pH 

of the filtrates were recorded.

2.3.3 The effect of incubation temperature on growth 

and sporulation

Inoculum preparation and s e e d i n g  was done in 

l i q u i d  P o t a t o  d e x t r o s e  m e d i u m .  N i n e  i n c u b a t i o n  

temperatures used were: 3, 6 , 8 , 1 5 , 20 , 25, 26,

30 , 32°C and control room temperature (21-24°C).

i hiere were six replicates at e a c h  t e m p e r a t u r e .  The 

i n c u b a t o r  u s e d  w a s  an o p e n  w a t e r  b a t h  ( G r a n t  

instrument No 91230 A ). The cultures were incubated in 

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 i st-1 cs 

and sporulation.

2.3.4 Effect of different light conditions on growth

and sporulation

Six 250 mis Erlenmeyer flasks were prepared with 

liquid Potato dextrose and seeded with inoculum as in



incubated under_. 3 ,2 . They we re "incubated under constant i 1 lumi nation 

provided by one white, red and blue fluorescent lamp ( 

Model TLD 36 W/54 ; at a time, located at 25 cm above

the flasks. The set up was r e p e a t e d  t w ice for each 

1ight condit i on.

In the same experiment, six inoculated flasks w'ei e 

maintained in continuous darkness by wrapping up the 

flasks with three layers of black paper and incubating 

in a dark cupboard. Six other cultures were incubated 

on the bench exposed to 12/12 hour natural light/dark as 

c o n t r o l . After two weeks, dry mycelial weights of 

five replicates from each e x p e r i m e n t a l  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 used. The medium was buffered 

with 0.1N hydrochloric acid and 1 . ON Sodium hydroxide 

using ( Radiometer pH M61 ) pH meter. The Centro1 was 

set up in unbuffered medium at pH 5.6. The medium at 

different pH was autoclaved. On c o o l i n g  the phi was 

measured and recorded as initial pH. Thirty mi I n  litres 

of e a c h  w a s  a s e p t i c a l l y  t r a n s f e r r e d  into six 

sterilized 250 mis Erlenmeyer flasks, inoculated with 

5 mis of mycelial suspension and i n c u b a t e d  at room



~ m p ,=i r a 11 re 1 2 1 — Z ^C } for two w 8 0 k s or: 1 a b o f s 1 o f y 

bench. Afte r Incubation period, one replicate was used 

to study speculation, while the dry w e i g h t s  of the 

furious w e r e  d 9 1. 0 r m i r e d  f o m t h e r e m a i n i n g  five 

r e p l i c a t e s .  The pH v a l u e s  of t h e  f i l t r a t e s  w e r e

recorded.



2.4 E f f e c t  of s e l e c t e d  f u n g i c i d e s  on g r o w t h  and 

sporulation of P. angolensis

2.4.1 Growth and sporulation on solid medium.

The following f u n g i c i d e s  w e r e  used in 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 fungicide using the method described 

by t h e  A m e r i c a n  Phy t o p a t h o  1 og i ca 1 S o c i e t y  on,

S t a n d a r d i s a t i o n of Fu n g i c i d a l  T e s t s  ( 1 947 ) . in

which, 0.5 gm of each fungicide was suspended in 50 ml 

s t e r i l i z e d  d i s t i l l e d  w a t e r  in a 250 ml s t e r i l e  

E r l e n m e y e r  f l a s k  ( 1 0 , 0 0 0  p p m  ). A f t e r  t h o r o u g h

shaking, 5 ml were w i t h d r a w n  by a s t e r i l e  t r a n s f e r  

pipette and added to 45 ml sterile distilled water in 

another flask. After proper mixing, 5 ml were withdrawn 

from this flask and added to another flask containing 45 

mis of sterile distilled water. The a b o v e  d i l u t i o n  

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 g r ams. of. _ c.hem i caj

1 .0 0 0 . 0 0 0ml of water Y ml of water

Potato Dextrose Agar was prepared as in ( Appendix III ) 

and, 150 mis of medium were transferred into separate 

f 1 asks 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 s o l i d i f y i n g  at the f u n g i c i d e  : 

medium ratio of 1:5. The m e d i u m  and f u n g i c i d e  w ere 

shaken to allow mixing and 30 mis of the fungicide 

amended media were poured into 9 cm petridishes. On 

s o l i d i f y i n g ,  the m e d i u m  w a s  i n o c u l a t e d  w i t h 1 m 1 

mycelial suspension. Petri dishes were shaken to ensure 

an even spread of the inoculum on the medium. There 

w e r e  f i v e  r e p l i c a t e s  at e a c h  d i l u t i o n .  C o n t r o l  

replicates were set up using distilled water and were 

r e c o r d e d  as z e r o  c o n c e n t r a t i o n .  T h e  c u l t u r e s  w e r e  

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. 

W h e r e  no g r o w t h  o c c u r r e d ,  m y c e l i a l  f r a g m e n t s  w e r e  

subcultured on fungicide-free PDA to determine their 

viability. Sporulation was also determined in 2.3.4.

2.4.2 Effect of fungicides on growth and sporulation 

1 iquid medium

Liquid Potato dextrose medium was prepared and 25 

mis were aseptically transferred into 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 flask. Each flask was then inoculated

with 1 ml of mycelial suspension. Control flasks were

i n



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

f u n g i c i d e s .  ' h e r e  w e r e  six r e p l i c a t e s  for e a c h  

fungicide dilution and control. The c u l t u r e s  were 

incubated at room temperature ( 21-24°C ) on laboratory 

b e n c h .

The LDc:q was measured from mycelial growth since 

t h e r e  was no s p o r e  g e r m i n a t i o n  at all f u n g i c i d e  

dilutions. Mycelial dry weights of five cultures were 

recorded. The sixth r e p l i c a t e s  w e r e  used to study 

s p o r u l a t i o n . Growth i n h i b i t i o n  by each d i l u t i o n  was 

expressed as a percentage of the control dry weight ( 

Carling, 1990 ). Dose-response curves were constructed

for each fungicide from which the LD e;q ( Lethal Dose 

b0°o ) were estimated. -Semi-log scale was used to give 

1 og-t rarisf ormat i ons 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 s u s p e n s i o n  of conidi a of P. 

a n go 1 e ns i s w a s  p r e p a r e d  f r o m  h o s t  l e a v e s .  The 

s u s p e n s i o n  w a s  a d j u s t e d  w i t h  d i s t i l l e d  w a t e r  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 filtered and diluted tenfold with distilled water. 

Equal volumes o f s p o re s u s p e ns i on a n d o range j u ice

1 9



:i 1 i-'2 wet-e rni-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 s l i d e s  were 

incubated in a moist chamber and d a i l y  o b s e r v a t i o n s  

w e r e  m a d e  as r e c o m m e n d e d  by the C o m m i t t e e  on 

s t a ndardisation of fu n g i c i d a l  t e s t s  ( 1947 ) and

Peterson ( 1941 ).

2.5 Statistical analysis

The variations in dry w e i g h t s  w i t h  res p e c t  to 

t e m p e r a t u r e ,  ligh t ,  PH, f u n g i c i d e s  a n d  f u n g i c i d e  

d i l u t i o n s ,  w e r e  a n a l y s e d  u s i n g  the A n a l y s i s  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 &%

20

P<0.05 ( Armitage 1971 ).



CHAPTER 3

3.0 RESULTS

3.1 Disease diagnosis and incidence

R e s u l t s  of the f i e l d  s u r v e y  s h o w e d  that the 

disease was wide spread in T r a n s  N z o i a  d i s t r i c t  ( 

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 f r u i t s  w e r e  a f f e c t e d  

leading to scattered p r e m a t u r e  d e f o l i a t i o n  and fruit 

drop. By 1985-87, the d i s e a s e  had a s s u m e d  e p i d e m i c  

levels, and no oranges were h a r v e s t e d .  All C i t r u s  

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 M 4 5 . 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 farm out of the eleven farms ( Table 1 

). All eleven farmers i n t e r v i e w e d  a p p l i e d  these 

fungicides in mixture c o m b i n a t i o n s  of w h i t e  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 farmers were spraying lower fungicide rates



Table 1: Disease incidence and control on some farms in Trans Nzoin

F a rm
N u m b e r

N u m b e r  of 
O ran g e  trees

Disease
s la te

Fungic ides
sp rayed

Freq u en cy  of 
app lica t ion Control Action

1
X

100 yovcre 1+2+3 in A fortnight ly p>;or abandoned

2 3 0 0 se v ere 1+2+3 in A fortnight ly poor abandoned

3 6 0 sev ere 1 +2+3, in A fortn ight ly poor hopeful

4 > 1 . 0 0 0 not severe 1 +2+3 in A weekly fair su c ce ss fu l1

5 5 0 0 severe 1 +2+3 in A weekly poor hopeful

6 7 0 severe 1+2+3 in A w eekly poor hopeful

7 2 0 severe 1+2+3 in A occasionally poor uproot ing

8 3 0 sev ere 1+2+3. in A fortn ight ly poor abandoned

9 35 severe 1+2+7, in A occasionally pool' uproot ing

10 8 0 severe 1+2+7, in A w eek ly poor hopeful

1 1 7 5 severe 1+2+3 in A for tn igh t ly poor abandoned

Key:
1 = Kocicle 101
2 = Copper  oxychloride
3 = D ithane  M45
A = Mixture of white oil and  insectic ides



than recommended. H a r d l y  any fungicide residue could oe 

seer: on the leaves of the oranges on most farms. The 

application of expensive fungicides without good fruit- 

harvest had d i s i l lusioned two of the f a r m e r s  into 

a p r oot-i n g t h e i r  C i t r u s  t r e e s  to g i v e  w a y  to m ore 

profitable cereal crops. Four of the f a r m e r s  had 

neg!ected 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 in 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 rainfall was 105 mm, and 

temperature means were 1 1 . 3U C ( minimum) and 26.3°C( 

maximum) ( Appendix Ila ). The r e s u l t s  s h o w e d  that 

disease infection was s e v e r e  both on the f r u i t s  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 fruits w ere seen on s e v e r e l y  

infected trees. Litter sampling estimations showed that 

on the average, 60.8% of the fallen leaves and 1 0 0% 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 ( A p p e n d i x  IV ) L e s i o n s  had an 

average diameter of 6 mm and an average spore count of



Plate 1a Plate 1b

la Leaves of Citrus sinensis exhibiting brown spots caused 

by Phaeoramularia angolensis

lb Brown fruit spot disease of Citrus sinensis caused by 

Phaeoramulari a ango lens is
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Table' 2: Leal ' and fruit, l ine r s a m p l in g

'F ree Total 
Loaves 
Is  2s

count
Fn lit s
1 s 2 s

°/o infected
Leave's 

I s  2 s
Frui ts  

1 s 2s

1 9 8 10 5 0 55.1 2 0 1 0 0 0
2 7 7 9 6 0 58.4 l 1 1 0 0 0
2 7 8 5 4 2 4 4 .9 0 1 0 0 100
4 1 8 1 1 8 0 5 0 .0 : 8 1 0 0 0
b 3 9 2 *V J 0 5 0 .0 o 100 0
6 7 2 8 1 1 6 9 .4 3.8 100 100
7 6 4 1 5 11 0 3 4 .4 2 7 1 0 0 0
8 7 0 5 3 0 8 2 .9 '>0 100 0
9 5 4 7 4 0 8 7 .0 1 4 100 0
1 0 « o 8 7 1 8 6 .3 (' 100 100
1 1 (18 3 2 0 57. 1 0 100 0
1 2 8 9 4 3 0 5 8 .2 n 1 0 0 0

Mean se 65. 5±22 7±4 5±3 0 .4±6 6 0 . 8± 16 1 4 ± 1 5 1 0 0 2 5

Is  = First sam p l in g  
2s  = Second  sa m p l in g



184 v 10“'. The second sampling carried out in March, 

the period with 85.1 mm mean rainfall and temperature 

means of 12 . 3°C minimum and 2 7 . 8 ° C  m a ximum, s h o w e d  

reduced disease incidence. The r e  was less leaf and 

fruit fall due to infection . On the average, 14% of 

fallen leaves and 1 0 0% of dropped fruits were infected 

( Table 2 ) . Mature fruits were observed on the trees 

during this season . The new leaves and fruits that 

were produced during this p e r i o d  were d i s e a s e  free. 

Scattered lesions were only seen on a few old leaves and 

fruits. Leaves with an average area of 2 7 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 

1 2 x 1 0 4  conidia per lesion was cou n t e d .  P a r t i a l l y  

developed lesions could be seen as tiny dark spots.

The leaf spots observed from sample material were 

amphigenous, mainly hypophy 1 1 o u s , sporulating on both 

sides but more from the under side, and 3-8 mm diameter. 

On the u n d e r  s i d e  of the leaf, l e s i o n s  a p p e a r e d  

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 c e n t e r  be c o m ing t r a n s p  a r e n t o r d e ta che d 

resulting in a. shot h o l e . Foliar symptoms often



c c a" e s e  a m & l<. i rg t h e 1 e a v e s a ppea r > ell c w folio w ed by 

premature defoliation .

Lesions on young fruits were s l i g h t l y  s u n k e n  , 

ci rcular, b r o w n , surrounded by a ring of raised epicarp 

protruding above its normal level, and giving the fruit 

a b ’ i s te re d ap p e a r a n ce . W hen s p o r u l a t i n g ,  ! es i o n s

became black, thus the young fruit became covered with 

black b 'listers each surrounded by a yellow halo. The 

merging of several haloes m ade even i m m a t u r e  tiny 

fruits appear yellow ripe f o l l o w e d  by a b s c i s s i o n  . 

Lesions on older fruits were more flat and often cracked 

e x u d i n g  s t i c k y  f r u i t  j u i c e .  T h e f u n g u s  did n o t

penetrate the rind and c a u s e d  no n e c r o s i s  b e low the 

skin, although rotting due to s e c o n d a r y  i n f e c t i o n  in 

cracked fruits was common .

Conidiophores from the mature lesions were dark 

brown, mononematous, simple, u n b r a n c h e d ,  s t r a i g h t  or 

geniculate, septate, smooth, 29 - 156 ( 255.5 ) pm high 

( mode 90 |.im ), 3.3-4.0 /um wide ( mode 3.79 pm ), with

scars 5.5 pm wide, evenly spaced, 10.97 /urn apart. 

Conidiophores were synnematous, in groups oi upto 

and more, emerging from dark brown to black, e f proper,t 

s t r o m a t i c  t i s s u e s  7 1 - 8 2  p m  in d i a m e t e r .  The l o w e r  

portions of brown to dark brown synnemata consisted of 

c o n idiophores joined at their bases to a 1 ength 65.7-
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P 1 ate 2 . Stroma and c o n i d i o p h 01eS 

ango lens is from inoculated

of P h a e o r a m u /aria 

p 1 a n t s .
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7 . 6 urn and 2 1 . 3-30 yim w i d e . The overaln  Ite n g t h of

the synnemat;i 6 2.1- 2 5 5 rr pm vari ed w i t hi that of i ts

con id^ cphore: . Con i d i o g e ineous c e 1 1 s we re i nte rgrat ed,

t e r fitin a! , syiripod i a 1 and c ic a t r ized ( PIates n̂ > Append!v

V ) . Con id ia o b 1t a i n e d f r o m m a t u r e 1 e s ■ions W0 re

s m o o t h , light brown to liya1 i n e , c y 1 i n!dri c a l , st rai ght or

s 1 i g h 11 y c u r■ v e d , sol itar y, acroplt■■urogenous , often

c a t e n u 1 a t e , ( 1- ), n _w*1-4, ( -6 ) septate, 1 3 .9-7 9 pm

Tong, ( mode 51.1 jjm ), 3.3-4 urn wide mode ( 3.55 pm ), 

rounded at the apex and truncated at the base; older 

conidia often budding d a u g h t e r  conidi a ( P l ate 3). 

Lesions easily lost their conidia by drop off such that 

materials kept in the l a b o r a t o r y  lost n e a r l y  all the 

conidia after one week of handling.

Conidia! measurements of Phaeoi sariopsi s griseola 

isolated from the bean leaves w e r e  3 0 . 4 - 7 9 . 2  p m  long 

3.5-7.2 |u 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 50-5 9.9 f.i m ( Appendix V, fig I)

Conidial germination experiments at different pH 

and temperature showed that conidia of P. angolens's 

germinated easily in distilled water ( pH 5.35 ) at

room temperature ( 21-24°C ) . Spores germinated over

t e m p e r a t u r e  r a n g e  2 0 — 26 ■' C . B e l o w  and a b o v e  t h i s  

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

inoculated plants.
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spore germi n a t 'o n , of 94 and 93 % were recorded at 25 

and 2 6 °C r e s p e c t i v e l y .  The c o n t r o l  at r o o m  

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 lowest 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 conidi urn ( 

Plate 4 ).

On the third day following isolation, growth in 

c u l t u r e  m e d i a  w a s  o n l y  v i s i b l e  u n d e r  the l i g h t  

m i c r o s c o p e .  C o n i d i  a g e r m i n a t e d  and f o r m e d  d a r k  

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 

c o u l d  not be m e a s u r e d .  At e i g h t  w e e k s ,  a c o l o n y  

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 immersed ( Plate 5 ). Colonies of Fhaeoisariopsis

griseola isolated from the beans for c o m p a r i s o n  were
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Plate 4. Conidium of Phsoorcunulan a cuigolsnsis gefminatins 

from terminal and intercalary cells.
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Plate 5 . Phaeoramu1aria 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 P h a soramu1ar ia 

3:7 go i sns i s was observed in vei y tiny colonies of upto 

two weeks old. Cultures of o ver two w e e k s  had no 

s p o r e s .  S u b c u l t u r e s  f r o m  m a t u r e  c o l o n i e s  n e v e r  

sporu1a t e d . Conidi a produced in culture were subhyaline 

to pale brown, dry, smooth, c y l i n d r i c a l ,  s t r a i g h t ,  

solitary, acrop1eurogenous, truncated at the base and 

rounded at the apex, 9-70 /.im long (mode 50 ) and ( 3­

4 ) j_im wide ( mode 3.6 |_rm ), ( 1- ) 3-4 ( -6 ) septate ( 

P I  ate 6a ) .

Co nidi op fiores p r o d u c e d  in c u l t u r e  w e r e  

m a c r o n e m a t o u s ,  s t r a i g h t ,  s m o o t h ,  s e p t a t e ,  dark, 

mononematous but s y n n e m a t o u s . C o n i d io p h o r e s  f r o m  an 

eight day old culture, m e a s u r e d  upto 2 1 0  jjm long 

forming a huge robust synnema of upto 68.4 £im wide at 

the base. A big stroma of upto 57 j.im wide was also 

observed. C o n i d i ogeneous c e l l s  w e r e  i n tergrated, 

sympodial and cicatrized ( Plate 6 b ).

S u s p e n s i o n s  of two w e e k  o l d  c u l t u r e s  of 

P h a e o r a m u 1aria a n g o lensis s p r a y e d  on pot t e d  sweet 

orange seedlings produced typical disease symptoms (



Plate 6 .a Conidia of P h a e o r a m u 1 aria a n g o l e n s i s  from 

culture

b Stroma and conidiophores of Phaeoramu1 a n  a 

angolensis from culture



“7 ̂t

P 1 ate 7 a
Plate 7b

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 
m o n t h s .
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P "1 ate 7a-c ). Three months after i n o c u l a t i o n ,  the 

leaves developed light green to yellow patches becoming 

more ye 1 lev/ to brown ( Plate 7a ). Defined tiny spots 

started appearing in the fifth month. The brown dot­

like spots enlarged and by late seventh month, definite 

necrotic lesions surrounded by narrow yellow haloes had 

been f o r m e d  ( P l a t e  7 b ) . T he i n f e c t i o n  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 d o t - l i k e  spot d e v e l o p m e n t  

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 in the lesions, both sides of lesions 

s p o r u l a t i n g  but mot e on u n d e r s i d e .  C o n  i d i a ,

conidiophores , synnemata and stroma isolated 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 liquid media did not d e v e l o p  d i s e a s e  

symptoms.

3.2 CULTURAL STUDIES

3.2.1 Effect of solid medium on growth and 

sporu 1 ation of P. ango 1 ensis

Data presented in ( Appendix VII and f og. 3 ) show
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7c. Leaves from artificially 

developed lesions and more

infec t e d  p l a n t s  with few 

dot-like partially developed

1 es i o n s .
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K e y

0 -r-’'qe lea1 e rtv.ct Pot r.e L V «‘•

Medium

C o m  - r e a l Potato carrot

Fig. 2. Effect of medium on growth of Phacoramularia angolensis



11'! t the orange ' eaf e> tract agar with a mean of 5 32 mgs 

supported rna.-1.murn growth of the fungus . Good growth, ( 

mean 5 18 mgs ) , was also obtained from Potato dextrose 

agar . Moderate growth, ( mean 488 and 429 mgs ), was 

obtained from Corn meal and P o t a t o  c a r r o t  agar m e d i a  

respectively. The differences between the means were 

statistically significant ( F- 107.3, P <0.05) . A 1 though 

sparse sporulation occurred in all the five media with 

d e x t r o s e ( initial PH 5.4 - 6.1 ) , s p o r e s  were only- 

observed at the edges of young colonies that were less 

than two weeks old. Older c o l o n i e s  with l u x u r i a n t  

mycelial growth, and colonies in media without dextrose 

never sporulated at all. Subsequent subcultures yielded 

no s p o res in all t y p e s of m e d i a .  Coni d i a , 

c o n idiophores, synnemata and stroma described in (3.1)

were observed.



2.2.2 Effect of liquid media on growth and sporulation.

Resit! ts m  ( Appendix VII and f ig 2 ) indicate

that liquid media supported faster growth of the fungus 

than solid media. Incubation period for liquid media 

was two weeps while that of solid media was eight weeks. 

T r i e  orange leaf extract with a mean dry weight of 763 

mgs supported maximum growth, f o l l o w e d  by P o t a t o

dextrose ( mean 717 mgs ). Good growth with a mean dry-

weight of 624 mgs was 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 s p o r u l a t i o n  was 

observed in any of the media. In the leaf extract 

medium, the fungus formed g r a n u l e s  a d h e r i n g  o nto 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 o b s e r v e d  at 3 and 

32°C. Scanty growth occurred at 30°C ( Plates 9 ). 

The differences in the means f o l l o w i n g  gro w t h  at the 

various temperatures were statistically significant ( F 

= 394, P 0,05 ). No s p o r u l a t i o n  was o b s e r v e d  at all

temperatures ( Table 3 )
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Plate 8 .P h aeoramu7aria angolensis in liquid media .

Note fungal 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 1 a n  a a n g c l e n s i s  at differren

temperatures. 

a: No growth at 3°c. 

b: Little growth at 6 ° c . 

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
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Table 3: ICffeci of different in cu b a t io n  t e m p e r a t u r e s  on growth  a n d  
sp o ru la t io n  of P. cuigolensis a fter  14 days  of incuba t ion .

T e m p e r a t u r e  (°C)
Average dry 
mycelia l wt (mg)* S p o ru la t io n

2 0 Nil
3 - 5 0 Nil
6 3 2 3 ± 10 Nil
6 - 8 3 8 3 ± 15 Nil
1 5 4 1 9± 1 4 Nil
2 0 5 1 2± 1 5 Nil
2 1 -24 (Koom) 561 ±4 Nil
2 5 - 2 6 6 2 9 ± 5 Nil
3 0 4 3 2 ± 3 Nil
3 2 0 Nil

' ITu h d a ta  is an  average of five repl ica tes



Effect of different light conditions

All the different light regimes tested supported 

good mycelial growth ( fig. 4 and A p p e n d i x  VIII ). 

Optimum growth ( mean 61 S mgs ) was o b t a i n e d  in

cultures under continuous white light. 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 m e d i u m  tow a r d s  

n e u t r a l  i t y , i n c r e a s i n g  the level of a c i d i t y  and 

lowering the level of alkalinity. No sporulation was 

observed at all the pH levels ( Table 4 ).

D i f f e r e n c e s  b e t w e e n  the m e a n s  w e r e  s t a t i s t i c a l l y  

significant ( F = 836, P<0.05 ).
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Light (Orulition

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



Rp. 5: RTect of p! I un growth of PhacoranrtUiria an^olcn.sis
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PLate 10. Growth of P h a e o r a m u l a r i a  a n g o l e n s i s  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
Before After 
Autoclaving Autoclaving

pH of 
f ilt rate

Average dry 
mycelia l 
weight  (mg)* Sporula!  ion

2 2 2 0 Nil
3 2.9 5.6 4 9 0 ± 4 Nil
4 4.09 6.1 5 0 3 ± 6 Nil
5 5.1 6.2 6 9 7 ± 9 Nil
5 .6  (control) 5.8 6.6 6 8 2 ± 4 Nil
6 5.9 6.4 6 9 0  ±8 Nil
7 7.5 6.9 5 1 3±8 Nil
8 8.06 6.8 4 5 0 ± 11 Nil
9 9 8.9 0 Nil

* E ach  da ta  is an average of five replicates



5.7 The effect of selected f u n g i c i d e s  on growth, 

s p o r u l a t  ion and coni dial g e r m i n a t i o n  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 M4 5 and Antracol ( Plates 11 a-b ). Mycelial 

fragments subcultured from media treated with fungicides 

at 10 p p m  and below, d e v e l o p e d  on PDA. T h o s e

subcultured from media treated with IQOpprn and above 

shrank and did not grow on PDA. Results from tests 

using these fungicides in liquid media showed mycelial 

growth only at fungicide concentrations 1.5ppm and below 

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

fungic i ties.

There was growth in solid m e d i a  a m e n d e d  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 is 7,500 ppm. 

In l i q u i d  m e d i a ,  t h e r e  was no m y c e l i a i  g t c w u h at 

fungicide concentrations 5,000 ppm and a b o ve (Tab e 6

Copper Oxychloride showed an i n crease in g r o w t h  

•j nh i b 11 i on with i ncreasi ng fungicide conuei it i at i o n . At 

10 ppm there was better growth growth of fungi 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 g rowth

Fungic ide
c o n c e n t r a t io n  (ppm)

Kocide
101

Copper
oxychlor ide

Dithane
M45 A ntraco l

Diazmon -t- 
whi te  oil

Diazinon+ w h i te  oil 
+ copper  oxych lo r ide

1 0 .0 0 0 0 0 0 0 0 0
6 .0 0 0 0 1 0 0 0 1
5 .0 0 0 1 1 0 0 0 1
3 .0 0 0 1 2 0 0 r i 1
1 .0 0 0 3 ‘) . ) 0 0 u 2

100 3 ') ̂ ) 0 0 0 2
10 3 4 0 0 0 2

*C 0 3 , > 3 3 3 3

*C = Control  with no fungicide 

Kev to mvcelial growth

0 No visible growth
1 Growth m u ch  less t h a n  the conirol
2 Growth slightly less th a n  control
2 Growth  equiva lent  to control
4 Growth  a lm ost  b e t te r  th a n  conirol
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PLate 11a. Phaeoramularia angolensis in media ammended 
with Di thane N145. No growth at all dilutions,

1 =i0,000 ppm
2 = 5 , 0 0 0
3 = 2,500 ppm (Recommended dosage)
4 = 3000
5 = 100
6 = 10
C = no fungicide.



Plate 11b . Phaeorcunu 7 ar i a angolensis in media ammended 
with Antracol

No growth at all dilutions.
1 - 1 0 , 0 0 0  ppm
2 = 5,000
r = 2,500 ppm (Recommended dosage)
3 = 3000
4 = 100
5 =10
C =No fungicide
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Tabic  6: Effect of se lec ted  fu n g ic id es  on  g ro w th  of P. angolensis  a t  
t e m p e r a t u r e  (21-24°C) after  14 days  of in cu b a t io n  in l iquid media .

Eungieid  e
c o n c e n t r a t i o n
( p p m )

Average dry mycelial 
G row th

Kocide 101 C oppe r  oxychlor ide

weight (mg)* 

A ntraco l D i th a n e  1

0 5 9 0 ± 9 (0 )* * 5 9 0 ± 9 (0 ) 5 9 0 ± 9 (0 ) 5 9 0 ± 9 (0 ]

0.1 5 4 9 ±  1 0(7) 5 8 9 ±  15(0.2) 3 4 2 ±  14(42) 2 3 0 ± 15 ((

0 .5 53  1 ± 15( 10) 5 5 5 ±  16(6) 2 5 4 ± 4 ( 5 7 ) 165±6(7I

1 5 0 7 + 1 6 ( 1 4 ) 5 3 7 ± 1 1(9) 2 2 4 ± 9 ( 6 2 ) 165± 6(7 !

1.5 4 6 6 ±  14(21) 4 9 6 ± 1 5 (  16) 2 0 6 ± 8 ( 6 5 ) 65±4(8!

10 4 6 0 ±  17(21) 4 9 2 ±  13(1 7) 23±1 1(96) 0 (IOC

1 0 0 4 3 0 ±  12(27) 4 4 3 + 1 4 ( 2 5 ) 0 (100)

1 0 0 0 3 8 4  ± 1 0(35) 3 8 9 +  1 1 (34)

2 0 0 0 3 7 2 ± 8 ( 3 7 ) 3 8 0 ±  1 0(36)

3 0 0 0 4 4 2 ± 9 ( 4 2 ) 3 6 6 ± 6 ( 2 8 )

4 0 0 0 1 5 9 ± 5 (7 3 ) 1 7 7 ±  1 2(70)

5 0 0 0 0 (100) 0 (100)

* *
Each d a ta  is an average of five replicates.
N u m b e rs  in b r a c k e t s  a re  p e rc e n ta g e s  nf inh ib i ted  g row th
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Plate 11 c ,Phaeoramulan a 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 5 - 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 lid ). In e x tra e x p e r i m e n t s  

carried out with a mixture of white oil and Diazinone 

i n s e c t i c i d e ,  no g r o w t h  was o b s e r v e d .  W h e n  C o p p e r  

f u n g i c i d e s  w e r e  a d d e d  to t he w h i t e oil m i x t u r e , 

mycelial growth was observed at all c o n c e n t r a t i o n s  ( 

P l a t e s  11 e - f ) . In l i q u i d  m e d i a  t e s t s ,  Copper'' 

Oxychloride showed that mycelial inhibition increased 

with increasing fungicide concentration upto 5,000 ppm 

where there was total inhibition. Mo sp o r u l a t i  on was 

observed in any fungicide 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 in growth inhibition between 

the four fungicides was highly significant ( F - 53,

P <0 .05 )• The difference between Kocide 101 and Copper 

O x y c h l o r i d e  was not s i g n i f ic a nt a t a 1 ■

concentrations. The difference b e t w e e n  Antracol and 

Di thane M45 was also not significant. No spor u 1 at i on 

w a s  o b s e r v e d  in l i q u i d  c u l t u r e s .  In all f u n g i c  i de 

dilutions, no conidium germinated. Spores incubated m  

the t e s t  d i l u t i o n s  a p p e a r e d  p 1 a s m o 1y s e d  wi th the 

cytoplasm shrank away from cell walls particu 1 a r 1 y those 

M4 5 .in D i thane
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COPPER O X YCH LO R ID E

COPPER O X Y C H L O R ID E

Plate 1 1d Phaeoramu1aria angolensis in media ammended 

with Copper Oxychloride 

1 = 10000 ppm
= 6,900 ppm (Reccomended dosage)
= 6000 ppm 
= 5000 ppm 
= 3000 ppm 

5 - 1 0  ppm
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PLate 1 1 e 

wi th

Phaeoramularia angolensis in media ammended 

Diazinon + white oil. No growth at all dilution
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DIAZINONf WHITE OIL + COPPER OXYCHLORIDE

DIA2,N0^ m , T E 0 ,L i COPPER oxychloride

Plate 11 f Phaeoramular ia  

with Diazinon + white oil 

growth on all

ango lens 7 s in media ammended 

■+• copper oxychloi i d ©« Visible 

d i1ut i ons



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 

p l a n t s  .n the n e l d .  The s y m p t o m a t o l o g y  and t h<=> 

characteristics of the fungus isolated from K e n y a n  

Citrus also agree with the description of the disease 

attributed to an unknown species of Phaeo isar ionS 7 * i-,v 

Emechebe ( 1 980 ) and to P. angolensls Kirk ( iq.qg ) 

Therefore , P. angolensls described by Kirk ( 1 9 3 5 ) 

the an unknown species of Phaeoisariopsis described h v 

Emechebe ( 1980 ), and the causal agent of the leaf and 

fruit spot disease or Citrus in Kenya being described in 

this study is the same fungus.

P. angolensis. is being reported in Kenya for 

the first time.This fungus has already been reported ln 

Zambia, Zimbabwe, Angola, Cameroon, Gabon and Uganda. 

The 5 p a r t  i a 1 d i s t r i b u t i o n  of the d i s e a s e  in K e n. y a 

strongly suggests that the origin of the disease in thi a 

country could be Uganda.

There seem to be some taxonomic ambiquity be^w^en 

the g e n u s  P h a e o r a  mu 1 a r 1 a and a l l i e d  g e n e  r a . p 

angolensls was originally named Cercospora angolensls by



De Carvalho t 0. Mendes ( Kirk 1 936 ) . Errechebe ( 1930

i referred to the same fungus as P h a s e i s a r i o p s  1 s s p .

Kirk ( 1 936 ) transferred C. angel ensis to the genus

Phaseramula r ia and named it P. ango lens is. On the basis 

of secondary metabolites, Siboe ( 1939 ) suggested that P .

a n g o 1e n s i s c o u l d  be a s p e c i e s  in the g e n u s  

Cercospora, somehow agreeing with the name given by De 

C a r v e l hos £ Mendes.

Comparative measurements of conidial lengths of P. 

oriseela as a representat i ve of P h a s e  i sar i ops is and 

Phaeoramulari a ango lens is gave the range of 3 0 - 7 9 .9 im 

and 1 0 - 7 9 . 9  jj m r e s p e c t i v e l y  ( A p p e n d  i x V ) .This 

s u g g e s t s that their conidial lengths o v e r l a p  , Due to 

this overlap, conidial length would not be a reliable 

character in delimiting the form genera Phaeoramu 1 ar i a 

and Phaeoisariopsis.

T h e i r  c o l o n i e s  on m e d i a  w e r e  d i f f e r e n t .  

Colonies of P. griseola were cottony, immersed, greyish 

white sporulading heavily both on solid and liquid 

media. Colonies of P. angolens is were velvety, immersed, 

dark brown with no sporu1 at i on in 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-'oo lens's

s p o r Li 1 a tes on the 1 o w e r 1 ea f s L! r f ace o n 1 y , wh i l e h i s 

fungus (' Phase i sat ;ops is) spor u fated f r v»in both - ur fa es.
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E'w-chebe used this as a d is t inguishing feature between 

his fungus and C. angolsnsis which is now known as

1 3rs- i s . F i n d i n g s  f r o m  t his s t u d y  and f r o m  

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 C a r c o s p o r a  to the g e n u s  

Pha&orc'.mclari a, and named it P . angolensis. F i n d i n g s  

from this study were that both conidia of F. angolensis 

and p.griseola were occasionally catenulate.

Ferrari s ( 1 983 ) distinguished between the

r a m u l a r i a  and F h a e o i s a r i o p s i s  u s i n gg 0 p e r a P h ae o r 

i use rtion of asexual structures. He described the genus

_. , , q r-» r i ops i s as h a v i n g  s u b s t o m a t a l  s t r o m a  and

phaecramulari a as having erumpent stroma. Results from 

this study show that the stroma of both P. a n g o l e n s i s  

and p h a e o s a r 1 ops is are erumpent. Sob e r s  ( 196S ;

o b s e r v e d  t h a t  s p o r e  size, s e p t a t i o n  and e ve n 

catenulation can be influenced by the environment and 

hence vary enormously within a genus. Talbot ( IS?1 ) 

concluded that morphological c h a r a c t e r s  ( viz: 

ronidial length, colour, s e p t a t i o n  and p o s i t i o n  c,f 

conidia on e o n  i diophores ,  c o n i d i o p h o r e  b r a n c h i n g  and 

colour) have become the final c r i t e r i a  in d e ^ m - f : - g  

f o r m  g e n e r a  of the D e u t e r o m y c e t e s . N e v e r t h e l e s s ,  

morphological characters do not seem to give cleanout



- non-tic distinct! on between the genera Phaseramul a r i  a 

- j or, ̂  .=q i £ j3 r ; op s i s .  From t h e literature ( A p p e n d ~ x 

> -i t w a s n o t p o s s i b l  e to f i n ci a ny d i s t i r c t 

• !*i !■ o logical di f f erences bet w e e n  the two genera.

However, taxonomic data obtained in this study, to some 

-'tent, justify the placement of the pathogen in the 

,.Pn,,s Phaser amul a r i  a on the basis of catena! at ions and 

g r o w t h, c h a r a c t e r i s t i c s  . T h e f u n g u s d e s c n  be d b y

Emechebe also belongs to this genus. S t u d i e s  u s ing 

taxonomic criteria other than morphology, are required 

t differentiate the two genera from each other.

Tfie fungus isolated from lesions of artificial ly 

noc u i a t e d  p 1 a n t s c o r r e s p o n d e d  in all o b s e r  v a b 1 e 

characters with the original pathogen from naturally­

-infected Citrus plants. This fulfilled K o c h ’s postulate 

for pathogenicity which stipulates that for a proof of a

pat hogen, the disease agent should be isolated, grown i >-■

u^ui'P, be reinfected on host and re isolated from it. 

Pathogenicity tests characterised by long incubation 

period, followed 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 inoculum had sparse sporulation hence the 

spore concentration in the inoculum was low. W a l l -  ( 

■j g 71 ) o b s e r v e d  that an i n o c u l u m  of low s p o r e  

concentration favoured longer in c u b a f o n  periods but did



U ive a reason for his observation. Probably,

■r,o'e concentrated the inoculum, the faster the paM'C ~^n

o ea! s through the hosts resistance mechanism,

From field and cultural tests, it was e s t i m a t e d

that optimum tempratures for fungal growth and S po-e

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

VI ). During the pathogenicity tests, air tempratures

around the plants varied between u - i i O r  •-nf'-cn 1 t* i-i. c, occasional lv

falling to 11L’C and rising to 25°C ( Appendix i m  ) 

Such low temperatures, probably inactivated the funa.,.-. 

enzyme system reducing both the g e r m i n a b i 1 ity of tha 

con i d i a and late of mycelial d e v e l o p m e n t  This ,v, ,.v (-j , 

a l s o  f a v o u r  long i n c u b a t i o n  p e r i o d s ,  s u c h i n p g 

incubation periods would also give the host p i a r  ̂

enough time to organise its d e f e n s e  m e c h a n i s m s  w h i c h  

would arrest much of the disease from developin' 

further, leading to low infect i v i t y  and r e s t r i c t e d  

lesion development. This p r o b a b l y  e x p l a i n s  why moct 

lesions on the artificially infected leaves were small 

in size and partially developed, stopping at the dot­

like spot stage.

Sporu1 ation data revealed that cultures that W e ,^

more than three weeks old lacked spores, and non* .

o b s e r v e d  in c u l t u r e s  m a i n t a i n e d  in l i q u i d  me -• - -

Inoculum prepared from these cultures did not -— c v a Li s e
disease in artificially inoculated pl^ni-o1 c ■ This

suggests that, p r o b a b ’y i his p J t b u g e n  , ,,• 71 ■m) i cause

t 7



i" ob o
Eimechebe ( 1380 )r.. • hy mycelium alone .

observed similar results, that non-sporu iat 1 ng c u ’i u t ^  

,t cause disease in inoculated plants, but
o n  PDA did noi

did not give a reason for his o b s e r v a t i o n .  P r o b a b 1

H u m  lacks e n o u g h  e n e r g y  and e n z y m e s  and w h e nm y c e i

d e p o s i t e d o n t h e h ost s u r f a c e  i s i n c a p a b l e

the host to cause disease.penet -'ati ng

O b s e r v a t i o n s  made on all the ele v e n  farms

a f u - t s p o i
indicate e 1 early that the Citr u s  leaf anu 

, • has reached severe epidemic levels. The disease

control failure could be attributed first, to 90% of 

the farmers who sprayed only when they noticed severe 

disease symptoms. This is bad timing. Secondly, severe 

epidemic conditions exacerbated by the high amouius q <

i noculum

“ ' i

levels from hosts and litter, ( 39.4 x *0

i nsspores/leaf litter of a single tree ) and heavy ra 

A p p e n d i x  I I a ) . T h i r d l y ,  t h e r e  is i n c r e a s i n g  

awareness among the farmers of the negative side effects 

G f the fungicides being used. Kocide 101 was m o r e  

popular among the farmers bec a u s e  it was c h e a p e r  and 

m o r e f a m i l i a r  t han m o s t  of the o t h e r  f u n g i c i d e s .  

However, due to suspected phytotoxic effects on Citrus 

f r u i t s ,  f a r m e r s  are a p p r e h e n s i v e  of u s i n g  t h e  

f u n g i c i d e s .  As a result, 50% of the f a r m e r s  w e r e  

spraying very low dilutions of the fungicides while some

were only spraying occasionally. This d e f m e t e l y  leads 

to poor disease contio1 .



6 9
Spore counts suggest that the pri m a r y  s o u r c e  of 

inoculum of this fungus are the spores, p r o d u c e d  in 

abundance on infected material intact on the plants Cr 

in litter and most probably d i s s e m i n a t e d  b-y w i nd a no'
water splashing, Litter fr­om a single t ret

'ound to produce approximately 3 9 .a x 1 n-

severe infection and the

i on

spore*

i v s s

T hpi

resultant epidemic conditions 

must be an outcome of this high inocculum levels a m  

favourable enviromental c o n d i t i o n s  that include h m r  

r a i n f a l l  and high o p t i m a l  t e m p e r a t u r e s  of p 5 - p 6 ° r 

(Appendix Ila ).

Evidence accrued from field o b s e r v a t i o n s  of r ho 

disease pattern strongly s u g g e s t s  that the d ■; - a -
-  1 ^  d  S  G

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 s t m t - H  

but probably with latent infection. Scattered, small 

non-sporul a t i n g 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 leaves 

and sporulated two to three weeks later Thio* * • ~ ^ y 2  8 s  1 0 d
that infection on the young leaves must have 

the previous seasons lesions. This also «i
on

suggests that

probably the spores of this fungus are able to 

sc r os s seasons.

survive
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also suggests that

are able to survive

t r .. previous seasons lesions. This 

probably the spores of this fungus 

across seasons.

Comparative studies on growth of the fungus on 

-ni-id and l i q u id  m e d i a  i n d i c a t e  t h a t  l i q u i d  m e d i a  

supported faster growth ( Appendix VIII ). The fungus

, .Qcfi-irt^d growth on solid media ( plate 5 ).showed lest. '- -

g-owth was more vertical than horizontal on the solid 

^d i a and a p p e a r e d  to be u t i l i s i n g  a ga r  as w e l l .

nutrients in solid m e di u m is ver'y s lowDiffusion o-i

1 9 58) In vertical growth, the fungus wa:(Cochrane

utilising nutrients from a limited a rea of the 

. T hp clow rate of n utrient d i f f u s i o n  w o u l dmedium. 1 hL - 1 ~

ply essential elements to the colony at a rate too

low to suppoi •t faster growth. If it also utilised agar

cat 

it down 

enhance

„ _ .. r c e of its c a rb o n ,  a ga r  b e in g  a c o m p l e x  as a s v> j -

bohydrate, the fungus would take longer time breaking 

into utilizable compounds, therefore, could not 

the growth rate of the fungus. In liquid medium,

. . ■_ distributed over a larger s u r f a c e  a rea and
g r o w t h  is u w

. .:ff,|(;inn is faster hence the fungus is able tonutrient ditruei- -

faster than on solid media.

In both solid and 11Puid media optimum growth

y, r o h hv media with the Orange leaf extract, was supported

- |V , i(lf, the natural host material, such a m e d i u m

q row

Th i

probably provided the nutritional r e q u i r e m e n t s  in



appropriate proportions and form for the fungus. Good 

growth was also obtained from Potato d e x t r o s e  

medium, whereas reduced growth occurred on corn meal and 

potato carrot media . Good growth in PDA c o uld be 

attributed to dextrose which was not in PCA and CM A . 

Dextrose is chemically a more ready source of energy 

than the more complex c a r b o h y d r a t es  in 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 in the first two weeks. 

When dextrose was added to TWA, PCA and C M A , sparse 

sporulation occurred as in Orange leaf extract agar 

and P o t a t o  d e x t r o s e  agar. P r o b a b l y ,  d e x t r o s e  

p r 0 v i d e d the e s s e n t i a l  e n e r g y  n e e d e d  for s p o r e  

p roducti o n .

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 is contrary to what was observed

for P. angolensis.

the

Results on 

fungus grew over

pH tests ( Fig.5 

a wide initial pH

) indicated that 

range of 3 to 8,



but optimum g r o w t h  was between pH 5 and 6 . Cochrane (

195g ) also o b s e r v e d  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.

Pr'ithwi ( 1970 ) working with some species of Cercospora

h 3d similar results. During growth, the pH of the

affected by the metabolic activities of the medium is arifcoueu w

f us. Absorption of anions could raise it, whereas 

absorption of cations or f o r mation of o r g a n i c  a c ids 

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

(V i cin 3 ). This suggests thatserved to be 25~26LC l Fig

mesophile. Field studies also revealed

ratures in Kitale region are in the

2 3 -28°C ( Appendix Ila ). This is probably one oi

obs€

this fungus is a 

that maximum temper

. .  . . j O ,  range ^
factors that explains why the disease incidence is 

r.his region, and not found in o t h e r  C i t r u s  

like Coast province or Central province, 

e s are g e n e r a l l y  h i g h e r  or l o w e r

the

h i g h i n 

growi ng at ea^

w h e r e  t e m p e r  a t ur

t, n the observed optimum temperature f n r 
r espect i ve I y . Lr a

j: p anqolensis. Such optimal temperatures the growth of r.
i pl1ty of r a i n s  w o u l d  e n h a n c e  s e v e r e

c o u p l e d  w i 1 11 P 1 c " w

. thp field. As o b s e r v e d  f rom rainfallepidemics in one

, . „ , «nnend i x H a  ) , rainfall in K i t a l e  isstatistics \ rpp«"-
H i Q t r ibuted with the at y s e a s o n s  s t i H  

fairly We if U I -
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receiving seme rains.

Sar.nnet ( 1 950 ) suggested that the inf l u e n c e

light on fungal growth may be due to the total energy 

r e c e i v e d  by the fungus. It was s u g g e s t e d  t hat 

c a rbondioxide fixation is increased in light, thus 

favouring more growth, hence c o n t i n u o u s  whi t e  light 

seemed to support more growth than other light regimes. 

Average monthly weather statistics for the year 1990­

1 9 91 indicate that K i t a 1e had long p e r i o d s  ( over 7 

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

Tests with fungicides showed that all the four 

fungicides inhibited spore germination at all dilutions 

0.1 ppm - 10000 ppm ( Table 5 and 6 ). This is in 

contrast to the situation in the field where the fungus 

c o n t i n u e d  to p r o l i f e r a t e  d e s p i t e  s p r a y s  w i t h  s o m e  

fungicides like Kocide 101. Under field conditions, this 

f u n g u s  was o b s e r v e d  to p r o d u c e  a b u n d a n t  c o n i d i a .  

Materials brought to the laboratory easily lost conidia 

by drop off. Conidia dropping off from lesions in the 

field probably remain suspended in the air supported by­

air currents. Some conidia get washed down into the 

litter by r a m  or are blown to other vegetation in the 

vicinity. Leaves and fMjits dropping off the tree with 

conidia also increase the i n oculum in the litter. 

Fungicides normally at t- sprayed on defined trees. Lots 

of coni d i a i n the air, 1 i t ret «nd on other vegetat -on



the sprays. Through wind and water splashing,

t|ia,.p conidia serve as inoculum whenever conditions a^e 

favourable for infection. Careful spraying to cover the 

whole plant and other vegetation close by is necessary 

but expensive therefore not practical. Good sanitation 

involving burning or burying i n t e r  and clearing of all 

unnecessary vegetation would also improve d i s e a s e

c o n t r o !.

M c C l e l l a n  ( 1342 ) observed that toxic materials are

f e f f e c t i v e  at the o p t i m u m  t e m p e r a t u r e  of t h e

or-g'nism concerned and that both above and below this

optimum temperature, these m a t e r i a l s  are more toxic.

pnars ( 1932 ) supported this, when he observed that

nder conditions of high disease pressure like in severe

e p i d e m i c s ,  most protective f u n g i c i d e s  fail to give

, t .j c.factory disease control . Optimum growth conditions

f r thiQ fungus were found to be 25-26°C, with adequate

„n,i i-jaht. These conditions are optimum in Kitale 
rain, -

. the year round. This could be another reasonalmost ail v

t be advanced for the difficulties being experienced in

, _.c +hp disease.the control o. tn- j

. t p  sur v e y ,  all C i t r u s  s p e c i e s  on the D u r i n g  r r 11  ^

, , . ,-rp found t° be equally s u s c e p t i b l e  to theorchards were '

A c c o r d i n g  to B o 1 1 e n ( 1 9 8 2  ) s u c h
d i s e a s e .

. ... . r all species would also enhance severes u s c e p t i b i l i t y  or --*■

• farmers had neglected their orchards
epidemics. ocme

,n|1ed and getting overgrown b> weeds and which were u»n>» ooneu -



only spraying them occasionally. The weeds could act as 

5 no re traps . Lewis ( 1S80 ) observed thatnoc u 1um

poorly nout ished plants have reduced resistance and are

■, i o re suscept­ible. He also o b s e r v ed  that u n p r o o n e d

trees are more difficult to spray and lead to survive1 

,)F pathogens in parts where fungicides do not reach.

He suggested that there is positive correlation between 

• in number of leaves on ter m i n a

increase in disease on the shoots, and tha 

of fungicide spray coverage and deposit de 

^ . 0 h p-iaht of the trees, a l s o  d e p e n d s  

. p r a y i n g  e q u i p m e n t .  All t h e s e  f a c t o r .  _

i buti ng to severe infections in Ki t a 1e reg i o n  .

on betw

shoot an d

the amc>unt

eases vn t h

u p o n t h p.

c o u 1 d b e

c o n o r

c\ n c then limiting factor to the disease control could be

■ rnrrect use of fungicides. Farmers complained of the1 I i C* w •

, - w a s h i n g  off the f u n g i c i d e s  f r o m  the p l a n t s ,  i a i 1 • -
Revere epidemics occur during the rains, when wash cff 

ic greatest. On the other hand, farmers who feared

phytotoxic effects of Copper fungicides on Citrus trees, 

found the fungicides to be cos t l y  were a p p l y i n g  

fungicides at lower dilutions than r e c o m m e n d e d  dose 

rafes. Such dilutions would reduce fungicide tenacity.

Dan Nee l y  ( 1 970,1 97 1 ) o b s e r v e d  t h a t  in order t o

protect f o l i a g e  f rom p a t h o g e n i c  f u n g i ,  f u n g i c i d e s  mus t  

f  ; r c t  b e cl e p o s i t  e d on t h e  1 e a v e s  s u r f a c e s ,  r e s  ! s t  

. i on  by wea t he t  ing a g e n t s  and r e t a i n  t h e  • r f u n g i  t o x i c  

,a f ■ 3 r t e r t h r o u g h  v a r  i ous  p hiy s i c a 1 , b i o 1 o g l c a 1 a ►1 d



c h e m i c a l  reactions. The amount of materia'! remain ire 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 is influenced by 

the type of foliage to which it is applied. S m o o t h  

foliage like those of Citrus loose deposits more quickly 

h^nce they need to be sprayed more often . F r e q u e n t  

spraying of the Citrus is not a common practice to most 

farmers in Ki tale region. Physically, the a m o u n t  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 

w e a t h e r i n g  c o u l d  be a l i m i t i n g  f a c t o r  in d i s e a s e  

control• Farmers should be encouraged to spray at the 

night time with correct fungicide c o n c e n t r a t i o n s  to 

ensure good tenacity. A fungicide f o r m u l a t i o n  w ith 

preferably a sticker and spreader to increase foliage 

retention of fungicide could also be useful.

nan Neely ( 1971 ) observed that if protectants 'ike

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. fli i s was then 

too late since protective fungicides we^e being used. 

Treatment must begin at bud break or bi> th of new 

suscept 1 hie i ncl i ■ 1 duals. The amount of f u n g i c ’ des
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ne e d e d for disease control and the numb e r  of days 

between the applications should be timed according to 

the development, severity of the dis e a s e  and w e a t h e r  

condi t ions.

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 

C o p p e r  f u n g i c i d e s  d e v e l o p e d  into c o l o n i e s  w h e n  

subcultured in potato dextrose agar. This s u g g e s t e d  

t h a t  e v e n  at high c o n c e n t r a t i o n s ,  t h e s e  c o p p e r  

fungicides were only fungistatic. Those f r a g m e n t s  

subcultured from Dithane M45 and Antracol f a i l e d  to 

develop into colonies on PDA. Hence Dithane M 45 ancj 

Antracol could be fungicidal at concentrations above

1 O p p m .

Results also indicate that some fungicides like 

Copper Oxychloride could promote fungal growth instead 

of be i ng f ung itox ic , i i app 1 1ed i n doses much be 1 ow jts 

LD c,q . Cultures maintained on m e d i u m  with 10 ppm of 

f u n g i c i d e  had bet Lei' g r o w t h  than the c o n t r o l  , 

Generally in vitro growth of the fungus on these levels 

of Copper fungicides ( less than 10 ppm ), s t r o n g l y  

suggests a potential of the fungus becoming resistant. 

This calls for close m o m  toring in the field. However,
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this is not conclusive and therefore farmers should 

be strongly advised to use fungicides in their correct 

recommended doses. Kocide 101, a Copper fungicide, was 

found to be popular among the farmers. Farmers contend 

that it is cheaper and familiar to them. Before the 

introduction of systemic fungicides, Copper fungicides 

predominated the fungicide world. if used in correct 

concentrations, they are known to redistribute well and 

r e s i s t  w e a t h e r i n g  ( Barnes, 1976 ). T h e y  r e d u c e

inoculum potential by reducing conidia! p r o d u c t i o n ,  

their germinabi 1 ity and rate of germ tube elongation ( 

Torgeson, 1 969 ). They are fungistatic through a non­

specific denaturation of pro t e i n s  and enzymes. The 

f u n g a l  s p o r e s  a c c u m u l a t e  f r e e  ionic C o p p e r  w h i c h  

denature or precipitate the proteins inactivating the 

enzymes particularly those requiring free sulphlihydry] 

groups ( B u c k e 1 , 1 9 8 o ) . Though results from cultures 

show that very low dilutions 0.1 ppm were e f f e c t i v e  

against spore germination, higher Copper concentrations 

are needed for spore toxicity in the field during heavy 

rainfalls. However, farmers fear cop p e r  f u n g i c i d e

phytotoxic effects on the trees. As a result they may 

not be complying with this requirement. C h l o r o s i s  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

1 0 or rap d uptake and that there is feduced upta keR
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p,., - -,-7,5. The pH of C i t r u s  extract was found to be 

s 8. This probably would reduce the uptake of fungicides 

b ' the con i d i a l e a d i n g  to r e d u c e d  f u n g i c i d e  

effectiveness in the field.

From field studies it was learnt that to avoid 

hiah input costs, farmers 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, i 1 reduces Copper redistribution and its toxicity to 

conidi a. It flocculates the Copper into larger less 

toxic particles. Fishier ( 196 1 ), however, r e p o r t e d

that oil sprays affected stomata! behaviour of C i t r u s  

affecting its transpiration rate. The fungi thus have 

difficulty in penetrating the s t o m a t a  and find the 

physiology of the plant so altered as to p r o v i d e  an 

e n v i r on rne n t unsuitable f o r t h e i r o p t i m u m  g r o w t h . I n 

v i t r o ,  mycelial growth was inhibited on media with oil 

a 1 o n © i but media containing both oil and C o p p e r  

oxychloride, supported myceli a"* growth. The explanation 

to t h i s  is that, the oil r e d u c e d  the C o p p e r  

redistribution and toxicity. Therefore farmers should 

be discouraged from making f u n g i c i d e  m i x t u r e s  w ith 

insecticides that repuire white o i l . Generally, farmers 

should be advised to make pesticide mixtures recommended 

Lp expert© o n 1} .

r i t i  ane mj c. i oh i b i + ©o' b o th  spur  e g© 1 m i n a t  i m  a ■ d
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n\j .e 1 ia 1 growth ( Fig 6 ) . ItS TOW LDcg of 0.03 ppm

1 n o : :ates that very low doses of the fungic i de would be

n e c e s s a r  y for d i s e a s e  c o n t r o l .  D i t h a n © M 4 5 is 3 

f u n g i i de c o mb i n a t i on of M a n e b  and Zinc i on w i t h 

reported good stability, retention and activity. it. 

inhibits energy production by reacting with co-enzyme 

lipoic acid dehydrogenase. It forms c o m p l e x e s  with 

metal containing enzymes thus inhibiting a large range 

of enzymes ( Lyr & Horstyl , 1987 ). This explains the

high effectiveness of the fungicide. Stefan ( 1 9 3 5 1

reported recurrent effects among leaves treated with 

m a n c o z e b  due to a l t e r e d  i n t r 5 and i n t e r s p e c  i f ̂ 

competitions. This can be avoided by applying enough 

initial doses and then alternating its use with rnn--^r 

fung i c i d e s .

R e s u l t s  show t h a t  A n t r a c o l  i s  as 

pi  thane M45 ( F ’ g . 6 ) . I t  had a low LDc a , 

a n d i n h i b i t  e d b o t h  m y c e l i a l  g r o  w t h,

effective as 

of 0.25 ppm, 

and s p o r e

germ i nat i o n . Anti a'-ol is a dithiocarbamate fungicide

introduced in 1966 ( Martin, 1969 ) with specific site

inhibition at succinic dehydrogenase. Beever ( 1 9 °^ 1

reported that Antracol inhibits mycelial growth more

than spore germination. Ly 1 & Horsty1 ( 1 937 ) cbser'e

that Antracol is effective as a protectant, but can also

p e n e t r a t e  the hos t  to i nti i b i t post  1nf  ec t i on oi move to

u 111. »■' e a t e d p 0 r t i 0 n s o f  t h e p l 3 n t  f  0 r p r e v e n t i  ve 1»

c u a ■ i v e 0 f  f e c t s . I -
j > ■ 
1 " ep0 r te d  to h a ve g00 d r e g 1 c!. a 1
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s -:-i i d

it, and its effects 

to be minimal due to

on non--tar get o r g a n i s m s  are 

i ts s e 1ecti ve toxi c ity. It s

,a1d to have mild cytokinin effects on a fewi plants an.c

del a; m a c u i' i L y > t h o u g h  y i e are i nc r e a s e d

:an occur since it is a specific

^ -P j- !
Resistance, however, ci

_ j + „ inhibitor. To delay or prevent development oi

. 4 . _ i f c. use can be a l t e r n a t e d  or c o m b i n e d  inresiscaii'-c, 1 u ̂

• - with m ul t i s i te  inhibitors such as Oi thane M45 or
'll I ' t ' j l  t  W I -

hP Topper fungicides . Antracol is cheap and can be a 

the expensive systemic fungicides cm the
O  ' J  J S 1-  1 ■ u t e • o  r

mar k e t .
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CONCLUSION

Results from this study indicate that th 

inoculum Is available throughout the ve^  

and leaves of all Citr

e spo-e 

The fruits

^  species at all ages are

susceptible to infection by this funaiJ< 

in dependence on fungicides foe 

is therefore limited. w.=> r- 

by g o o d  p r e d i c t i o n ,  c a r e f u l  choi

"the reduction 

or control of this disease 

n on iy try to reduce coei->~e c c _ _ 

1 c e and use of
fungicides, and, improved cultural p

a ! p : a o t i c e s e . g
pruning, and destruction of the

and burning of infected materi
pathogen through r e m o v e

] a l

t udy do notData obtained in thi^ Q-
‘ 1 w  O  L _i 1 f W t T O  —s. A- ^  .

adequate:;, 

the pathogen has developed 
resistance to the conventional funaici*

support the hypothesis that

i c 7 des . Be •:-.a
may :here is an indicatiion that i

fungicides could result
improper use of CopPe-

in disease c

consequent resistance. The 

disease could be attributed

ontrol failu-r' 0 r* j p l'i

c ui rent poo n c o n t r o 1 o '
mainly to,

1. Very high susceptibility of £
a l! Citrus specie

'esulting idisease in this region resi 

cond i t ions.

2 . O p t i m a l  e n v  i r o r n e n  i : n  r ,

r epf oiJul t i on of p. jngolens/ts.

I. Pool fun J it Ole npp I i ,-: 1 1 ,, ■„ K ,

n soy s r e

tu.-

e p ’dem

c quiremen is for

purl i 1 & ' ,,M h 111 a L 1111 1 • ' U> f a .

do

m t. i

g r o w t h  an

;e . r on inn >

ii,,
i mp ed by good pit ICtier

r '■ u 1 l-ho i ,..e and

hi-

W m  r
r- i»-1 J ? - - v-



p r lining, a b a n d o  n e d

O O
O  -J

Poor cultural practices e . g . 

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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Data Sheet

Date

pa r'rn N o ...........  N ame.......

Appendi • I

Type .

Ci trus acreage or No. of trees .......

Quest i onna i re

When did you notice the infection ? 

What fungicides do you spray ?

3. How often do you spray ?

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 ?

3. How much fruit do you sell in a year ?

9. What do you plan to do in future ?
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A', sr 5 'j5 monthly weather statistics 

KI tale Oct 1990 - Dec 1991

Appendix Ila

Month Rainfall (m m ) Temp °C Sunshine hour

max min

Oct 105.9 26.3 11.3 7.9

Nov ■ 7 0  0 / O . 26.2 11.7 •7( . O

Dec 42 . 1 26.7 11.8 r \C‘ . O

23.1 10.7 8.4
Jan 18./

Feb 47.5 29.1 11.6 7.4

Mar 85 . 1 27,8 12.3 6.8

Apr i 1 144.2 23.3 13.7 6.6

May 151.0 25 . 1 13.1 7.0

120.5 n 2.9 12.9 7.4
Ju ne

1 38 9 3.5 11.4 6 . 1
July

1 64 24.7 10.3 6 . 1
Aug

7 . 1
1 04 25.1 11.2

Sept
7.6

Oct 1 02 26.4 11.3

Nov 82.1 26.3 11.7 7 . 7

45 26.8 11.9 8.8
Dec

Meteorological Department Monthly Reports
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A p p e n d ix  lib: Monthly rainfall (mm) and  t e m p era tu re  (°C) for
Chiromo a rea  of Nairobi (1991).

Monl h
Temper,

M axim um
a time (°C)

M in im um Rainfall (mm)

J a n u a r y 2 3 .7 12.9 92.9
February 2 5 .7 14.2 139.4
M a r c h 2 4 .2 14,6 63 .5
April 23.4 14,9 7.8
May 23.6 14.1 7.8
J u n e 22.2 1 1.5 15.7
J  uly 22.1 13.6 9.7
August 2 1.2 11.6 163
S e p t e m b e r 2 4 .6 1 1.4 2 4 7 .5
OeLo b e r 2 5 .3 13.8 2 1 5 .8
N o v e m b  c r 2 2 .8 14.1 26.8
D e c e m b e r 23.1 13.7 52 .7

S o u rc e :  Meteorological  d e p a r t m e n t  m on th ly  repor ts



Appendix III  

Formulae for media

o

Tap water Agar (TWA)

(a) Tapwater i litre

(b ) Agar 15 gms

r,,e tap water and a 9ar were autoclaved f o r  f W» n t v  ^• - wency minutes at
1 2 1 °C

Potato Dextrose Agar (PDA).

(a) Potatoes 200 gms

(b) Dextrose 20 gms

(c) Agar 1 5 gms

(d) Distilled water 1 1 i t re

The potatoes were cleaned with tap water, thinly peeled and 

cut into thin slices. The slices were rinsed with distil 

water and 200g put into a pyrex beaker containing l litr& of 

distilled water and boiled until soft. The juice was then 

filtered through a double layer of muslin cloth. 20o n f 

d e x t r o s e  and 15g of a gar were a d d e d  and h e a t e d  till 

dissolved. The mixture was made up to 1 litre with distilled 

water and autoclaved for twenty minutes at 121°C.

Corn Meal Agar (CMA)

(a) Maize flour 20 gms

(b) Agar 15 3ms

(c) D i s t i l l e d  water 1 l i t r e

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

till boiling and stirred continuously for thirty minutes. 

The juice was filtered through a double layer muslin cloth.



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 1 5 gms

(d) Distilled water 1 litre

Peeled and washed potatoes and carrots were boiled until 

soft. The juice was filtered through a double layer muslin 

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

mixture was made up to one litre with distilled water and 

then autoclaved for twenty minutes at 121CC.

Orange leaf extract agar ( OLEA )

(a) Orange leaves 150 gms

(b) Dextrose

(c) Agar

(d) Distilled water

20 gms 

20 gms 

1 litre

, __ wpiohpri washed with distilledFresh sweet orange leaves wete weigne-, m

litre of distilled water for 30 

decoction was filtered through 

.- anct dextrose added and

water and then boiled in i 

minutes (Emechebe 1980). The

double layer muslin cloth, the aga

. , ■ t Thp mixture was made up to 1 litre withheated to dissolve. The mixuu.o wo.
, _ h f .->r twenty minutes atd i s tilled water and then autoclaved for twe • >

1 2 I °C .
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Append 1 > t\‘ Lesion 

sut face area

Count anri ■
na ev. Li mat 7 on of

infected '.eaf

Leaf area
No. of lesions. 0

(cm'-)
lesion

5 infec

1 s 2S 1 S
sucfac e

2 S
2? 4

54 5
IS 2 S

15 ?5 1 1
98,2 0. p

10
^ 2 40 O

15.1 . 7
*- o 4

82.22 9 4 2 89 1
. 1

98 9 . 148 co 62 2
92

40 is 40 3
O * v.1

91.8 . 143 27 40 1
99.9 . 14 5 n 5 34 1 1 98. 1 _ n

4-6 54 16 14
7.6 p

60 21 39 7 85.8
19 35 18 6 72.9 O
2 3 31 20 13 88.5

iL

*7
22 24 ? c 1 82.2 . 1
28 28 5 5 7 83.6 o
36 26 25 4 47,8 . 1
26 24 29 oO 98. 1 m o
34 24 29 9 64.9 • 9
28 21 89 1 57, 1 . 1
o oU. i~ 1 9 1 9 4 99.9 9
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pend : IV Lesion count and estimation of infects d 1 ea

surface area.

Leaf ct'"s4 N o . of lesions tnr cCt£u

o
(c m “ ) lesion surface

1 S 2 S 1S 2S 1S 2 S

9 £ 4 54 r, qq o 0 . 2

1 5 2 5 1 1 10 15.1 . 7

O r' 40 o  -o
4 q rs O0 W *

. 1

42 8 9
23 1 9 S . 2 , i

C 9 62
48 *■*

1 5 40 nO 91.8 1
40 I ~ . I

27 40 i 9 9.9 . 14 3
3 5 34 11 98.1 . 64 5
54 16 14 7 . 6 n

4 6 * ®
39 7

21 8 5 . 8 1
60 • i

18 6or-. 72.9 ( 2
1Q U 1 n

3 l 2 0 U 8 8 ,5 ■1
. i

O  '-4 

2 2 24 2 3 1 8 2 . 2 . 1

28 28 55 7 83.6 o

3 6 26 25 4- 4 7 . 8 . 1

26 24 29 O 98.1 _ 9

34 24 29 9 64.9 _ o

2 1 89 1 5 7 . 7 . 1
28

2 2 19 1 9 4 99.9 i 9
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ppend • IV Lesion count and estimation of infected 1 e

surface area.

Leaf a rea N o . of 1 es i ons « infec t-0

9 .
(c m - ) 1 esi on surface

1 S 2S IS 2 S
1 S O C _

O C 4 54 p q q o p, o<L
L- vJ

1 5 9 5 1 1 10 15.1 7

40
o 0 4 82.2 1o o w

2 9 42 89 1 9 8 .2

3 2 62 nc 92 o
40

40 1 5 40 91.8 1

4 3 27 40 1 99.9 1

4 5 9 6 34 1 1 98.1 6

4 6 54 1 6 1 4 7.6

60 21 39 7 8 5 ,8 1

1 9 35 18 6 72.9 2

o o 3 1 20 1 3 8 8 .5 1

2 2 24 23 1 82.2 1

28 28 55 *7l 83.6 o

3 6 26 25 4 47.8 1

26 24 29 oo 98.1 2

34 24 29 9 64.9 o

28 21 89 1 57.7 1

o 9 1 9 1 9 4 99.9 9
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f e y t o app endix IV

15 = first sampling 
2s = second sampling 1s
Average No. of lesions/leaf = 47
Maximum No. of lesions = 89
Averages were obtained from 50 leaves

•O
 o
o 
ro
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Comparison o f  coni d ia l  lengths o f  P h a e o r a m u l a r i a  

and P h a e o i s a r i o p s i s  g r i s e o l a

Appendix V

Con i d i a 1 Relative Frequency
length (urn.) P. angolensis P. griseola

0-9.9 0 0

10-19.9 1 6 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

?o-79- 9 4 3.3

a n g o  J e n s i
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Appendix Via

Cor-i dial germination at different temperatures and pH level

o n Total s p ore No . g e r m i n s
T e m p .  c

count*
12 0(0)

2

O - E 1 0 0

1 6 0(0)
6

0(0)1 7
6-8

14 0(0)
1 5

16 9(56)
20

21-24* *
1 6 14(93)

1 6 15(94)
25

14(93)1 5
26

16 0(0)
30

* each figure is an average of five
* * room temperature

s .

t e d *



99

Appendix VIb

pH Total spore No. germinated*

count*

o 15 5(33)**

o 1 7 8(47)

4 14 13(93)

5 1 3 10(78)

5.6 14 10(71)

6 1 6 11(69)

—rt 1 5 10(67)

8 13 8(62)

Distilled (5.35) 
water

1 4 12(86)

* each f i g u r e  i s  an average of f i v e .

** Numbers in bracke ts  are percentages of germinated spores.
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A ppend ix  VII: Effect of media growth a n d  sporula t ion  of P. angolensis at
room te m p era tu re  (21-24°C).

Dry mycelial weight (mg)

Orange leaf extract  Potato dextrose  C o m  meal Potato  c a r ro t
Reps Solid Liquid Solid Liquid Solid Liquid Solid Liquid

1 5 8 0 771 501 721 4 9 2 6 2 2 4 7  1 4 4 1
2 5 6 2 7 5 6 5 4 4 7 3 4 4 9 1 641 4 7 2 4 12

591 761 5 3 2 7 3 6 4 8 8 6 5 2 4 5 0 4 4 4
4 5 9 3 791 50 1 691 4 7 6 5 9 3 4 7 1 4 2 3
5 5 8 2 7 3 4 5 1 u 7 0 2 49  1 6 1 6 4 7 4 4 2 4

Mean 5 8 2 ± 11 7 6 3 ± 19 5 1 8 = 1 7 7 17= ; 8 4 8 8 ± 6 624=21 46-8 = 9 4 2 9 = 1 3

In cu b a u o n  period for solid media = 5 weeks 
Incuba t ion  period for liquid media  = 2 weeks

pH change  of ' iquid media:

Initial r ih ra te
O range  leaf extract 5.4 6.4
Pota to  dex trose 5.9 6 .2
po ta to  carro t 6.1 6 .1 5
C o rn m c  : 6.1 6.2
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Appendix  VIII: Effect of different  light condit ions  on growth and  sp o ru la t io n  of P. angolensis 
after 14 d a y s  incuba t ion  at  room  tem p era tu re  (21-24°C).

Dry mycelial we igh t  (mg).

Reps
24 hours  
white light

24 ho u rs  
d a rk n e s s

24  h o u rs  
red  light

24 h o u r s  
blue light

12 h o u rs  l ig h t /
12 h o u r s  d a r k n e s s

1 612 541 5 9 9 561 5 8 2

2 645 5 5 2 5 7 6 5 5 0 5 7 8

3 606 5 3 4 5 8 4 5 6 2 5 8 4

4 599 571 5 6 3 550 5 8 3

5 634 5 5 3 5 6 8 581 5 6 0

Mean 619=17 5 5 0 ± 1 3 5 7 8 ± 1 3 5 6 1 ± 1 1 5 7 7 ± 9
Sporula t ion Nil Nil Nil Nil Nil
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Appendix (X) Character Score of some fungi 

Character Fungi

I COLONY A B c n E

Effuse + o "P * *

V e 1vety 4 4 4 4 4

Immersed + 4 4 4 4'

Olivaceous brown 4* 4 + *. X

II Stroma

Erurnpent 4 4 4 + *

Subs t ooia t a 1 4 4 o 4- 4

T t i setae and hyphopodia

present o 0 o * *

Absent + 4- 4 4 X

XV conidiophores

Macronematous 4 + 4 4 4

Mononematous 4 + 4- 4

Caesp i Lose 4 + 4- 4 4

Unbranched + + 4 4 4

Loosely branched 4 0 4- O 4

Straight + + + 4 4

F 1exuous 4 4 + 4 4-

Smooth 4- 4- -L 4- 4

Olivaceous brown + 4 4 4- 4



1 Q3

C o n 7diogeneous cells A B C C» E
^olyblast ic + + + 4 +

Intergrated + + + + +

Terminal becoming intercalary + 4- «f -f +

Sympodia1 + + + + 4

C y 1i ndrical 4 + 4 + 4

Ci catrized + 4 4 4 4

VI Ramoconidia

Present + o * * *

Absent O 4 * * *

VII Conidi a

Dry + + 4 4 4-

Single + + 4 4 4
Catena 1 ate + + o + 4

Acropleurogenous + + + 4 4

Hyali ne + + 4 -f 4

Smooth + + 4 + 4

El 1 ipsoidal + 4 4 4 4

Broadly fusiform + + 4 4 4

Rounded ends + 4 4- -f 4

Truncated ends + + + + 4

Pigmented + 4 4 + 4

Septations + 4 4- + -L
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Key

+ = Present 

o = Absent

* = Description not given in literatur 

A -- Phaaoramularia muntanola 

B = Kenyan isolate 

C = Phaeo is a n  ops is g n s e o l a  

n = M i ge r i an iso 1 ate

p CM I descriptions of P. angolensis
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Appendix IX log Table

ppm log.

0.01 -2.0

0.025 -1.6 ( 2.4) = LD5n Dithane M45

0.05 -1.3 (2.7)

0 . 1 -1 .0

0.2 -0.7 (1.3 )

0.25 -0 . 6 (1.4 ) - LD5q Antracol

0.5 -0.3 (T.7)

1
0

1 . 5
0.18

2 0.3

1 0
1 .0

100 2.0

1000 3.0

2000 3.3

3000 3.48

3162 3.5 - LD5g)Kocide 101

3548 3.55 - LD50 Copper Oxychloride

4000 3.60

5000 3.70

,. —
- , » 1


