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Dedicated to the Glory of the Lord 
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T h e r e  w e r e  m o r e  s p e c i e s  o f  A s p e r g i l l u s  a n d  P e n i c i l l i u m  t h a n  
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C l a d o s p o r i u m  h e r b a r u m . F u s a r i u m  o x v s p o r u m  a n d  M y c e l i a  s t e r i l i a .  
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c u t  i n t o  c h i p s  b e f o r e  d r y i n g .  A i r  d r i e d  c h i p s  o f  o k r a  f r u i t s  

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

r a i n y  s e a s o n .  T h e  p r e d o m i n a n t  f u n g u s  o f  b o t h  d r i e d  p e p p e r  f r u i t s  

a n d  o k r a  f r u i t  c h i p s  w a s  A s p e r g i l l u s  n i a e r .

T h e r e  w a s  n o  c o n s i s t e n t  e f f e c t  o f  i r r a d i a t i o n  o f  o n i o n  b u l b s  

w i t h  G a m m a  r a y s  a t  d o s a g e s  o f  0 . 0 5  a n d  0 . 1 0  G y  b e f o r e  s t o r a g e  o n  

f u n g a l  i n f e c t i o n .  I n  a l l  c a s e s ,  A s p e r g i l l u s  n i a e r  t h r i v e d  v e r y  

w e l l  o n  b u l b s  s t o r e d  o v e r  9 0  d a y s .

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

t i m e  o n  t o m a t o  p l a n t s  i n  G h a n a  g r e w  b e t t e r  i n  S w e e t  P o t a t o  

D e x t r o s e  B r o t h  t h a n  i n  P o t a t o  D e x t r o s e  B r o t h ,  u s e d  G a l a c t o s e



b e t t e r  a s a c a r b o n - s o u r c e  t h a n  G l u c o s e  a n d  g r e w  b e s t  i n  m e d i a  

c o n t a i n i n g  A s p a r a g i n e ,  P o t a s s i u m  n i t r a t e  a n d  S o d i u m  n i t r a t e  a m o n g  

t he v a r i o u s  n i t r o g e n - s o u r c e s  t e s t e d .  C. c a s i i c o l a  r e q u i r e d  a n  

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

c o n c e n t r a t i o n  o f  1 0 0  u g  p e r  l i t r e ,  a n d  t h e  o p t i m u m  c o n c e n t r a t i o n  

of CaCl,. 2 H 20, K C 1 , K 2S 0 4, M g c i 2 a n d  N a H 2 . 2 H 20 w a s  2 9 . 0  x 10"6M,

, 8 . 0  X 10'3M, 1 1 . 0  x 10"3M ,  1 0 . 0  x 10"4M  a n d  6 5 . 0  x 10"4M, 

r e s p e c t i v e l y .  T h e  o p t i m u m  t e m p e r a t u r e  f o r  g r o w t h  w a s  30°C a n d  C. 

c a s i i c o l a  g r e w  b e t t e r  i n  e i t h e r  c o n t i n u o u s  d a r k n e s s  o r  u n d e r  12 

h o u r s  d a r k / 1 2  h o u r s  l i g h t  c o n d i t i o n  t h a n  i n  c o n t i n u o u s  l i g h t .
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INTRODUCTION AND LITERATURE REVIEW

Many vegetable crops are cultivated in Ghana. Until 

recently, with the exception of cocoa, food c - r o p s  wer<& 

mostly produced for home consumption. They have been grown 

on small holdings and production levels had been relatively 

low. Lately, there has been an upsurge in productivity and 

non-traditional export food items are being exported, some 

at considerably high levels. There could be three reasons 

for this.

First, the natural impulse to raise productivity as 

the peasant farmers faced alarming escalation cost of 

living. Secondly, the adoption of modern agriculture by 

the new breed of farmers which entered the food production 

enterprise. Modern agriculture depends on the four 

technologies: mechanisation, irrigation, fertilizer

application, and the control of parasites and pests.

Thirdly, it is a result of the enormous interest aroused 

among member nations of the Food and Agriculture 

Organisation of the United Nations (FAO) by the

o r g a n i z a t i o n’s World Plan for Agriculture. In this plan, 

the FAO developed an integrated programme to close the gap 

between the curves for food production and population

growth by 1985 and also made possible for developing 

countries to get access to aid for expansion of agriculturql 

endeavours. The history of the plan began in 1963.

The first World Food Congress was convened in 

Washington D.C., United States of America (USA), under the 

Freedom from Hunger Campaign, a private group that raises 

funds and provides other support for the FAO. It was



decided that the FAO should be asked to prepare a survey of 

the world food situation in relation to population and 

overall economic development, together with a plan for 

action that would indicate the long-term prospects for 

closing the food gap. The scope of the proposed survey was 

widened by the F A O’s governing conference of member states 

so that the study W o u l d  become a "World plan for 

agricultural production, trade and development" 

highlighting the national and international actions needed 

to redress the alarming imbalance between food and 

population. The findings, projections and policy

recommendations of this study, which became known as 

'Indicative World Plan for Agricultural D e v e l o p m e n t’ were 

submitted to the F A O’S 15th Conference in November, 1969 

(FAO 1970). The Plan was intended to provide a framework 

within which national and regional programmes could be 

developed. It was hoped that governments would be able to 

use the plan to create and implement agricultural policies. 

Moreover, it should serve as a guide to both donors and 

recipients of international aid. Judging from the 

subsequent improved agricultural output of many countries, 

it could be fairly concluded that the Plan has succeeded in 

achieving its main objective.

In Ghana, vegetables which are abundantly cultivated 

include okra (Abelmoschus e s c u 1entus L. Moench), onions 

(A 1 1 i um cepa L. var c e p a ) , pepper (Capsi cum annuum L . ) and 

tomato ( Lycopersi c p CT escu 1 ent um Mill). The acreage* under 

cultivation recorded by the Ministry of Agriculture for the



period 1970-1989 are shown in Fig. 1

Okra is widely cultivated in the tropical regions. It 

can grow on any type of soil but does best on well drained 

fertile soils with adequate organic matter. Most cultivars 

are adapted to high temperatures throughout the growing 

season with little diurnal or seasonal fluctuations. Okra 

is tolerant to a wide range of rainfall although 

supplementary irrigation may be required up to the fruiting 

period ( P u rs e gl ov es , 1968). It is one of the most popular 

tropical vegetables cultivated primarily for its 

mucilaginous fruits. The fruit, when required as a 

vegetable, is harvested while it is relatively tender just 

3-4 days old after attaining full size, when the seeds are 

still immature (Thompson and Kelly, 1957).

The important measure of quality in okra fruit as a 

green vegetable, is its sliminess. The slimier, the better 

(Uzo and Ojiako, 1980). The high mucilage content helps 

thicken soups and stews. The green tender fruits are also 

dried and ground into powder which is used for salad 

dressing, soups and ice creams. In West Africa

^ c o n si de r ab le  proportion of the okra crop is preserved by 

cutting the fruits into small pieces and sun-dried. In 

Northern Ghana, the pieces are mixed with wood ash before 

sun-drying. The most reliable method of preservation is 

either canning or pickling with salt or sugar solutions 

(Dei-Tutu, 1972; Doty, 1980; UNIFEM, 1988). The frui+ is 

rich in vitamin C (Akinsoyoye, 1979; Phillips, 1974) and

3
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cont ai ns high 1 eve!s o* calci u m . Ni aci n , ri bof1avi n and 

thiamine a^e the notable vitamins of the fruit (FAO, 1968,

. Grubben, 1977). The leaves of okra are also rich in 

vitamins A and C and in some parts of the world are cooked 

as a pot-herb like spinach (Martin et̂  aj_. , 1981; Martin, 

1 982) .

The matured seeds of okra are gradually attracting 

interest as source of vegetable oil. For oil production, 

the fruits are allowed to dry on the plants before they are 

harvested and the seeds extracted yielding vegetable oil of 

about 20 per cent of the seed weight. The major components 

are linoleic, fatty, oleic and palmitic acids with cupric 

and lauric acids occurring in smaller quantities (Oyolu, 

1 982) .

The plant has other uses. Okra has medicinal uses. The 

mucilage of fresh fruits is used in the treatment of ulcers 

and for relief of haemor rhoi d s . It is also used as a 

clarifying agent in the production of sugar from sugar cane 

and for sizing paper in China and Malaysia (Akilade and 

Adesiyan, 1982; Pursegloves, 1977; Sackette, 1975). The 

stems and leaves are fodder for goats and sheep.

Clemson Spineless, Labadi Dwarf and Local are the most 

common among a large number of cultivars in Ghana 

A c c r a ,A k a t s i , Akim Oda, Asutem Red, Asutem White, Bawku, 

Ho, Kade, Likpe, Madina, Mole short, Patasi, Sunu, Sunyani 

and Tafo. The cultivars vary mainly in col our of plant 

parts, fruit shape and fruit size. For example Labadi 

Dwarf and Local fruits may be long or short, ridged with



spines, pointed and pyramidal. The fruits may be green, 

reddish, green or pale green to yellow (Sinnadurai, 1 977; 

Tindall, 1987). The fruits of Clemson spineless are long, 

cylindrical, smooth and pale green.

Okra is grown in many regions of the country as shown 

in Fig. 2, but flourishes best in Ada, Agbogba, Ashiaman- 

M ichelle Camp, Kokrobite, L a r s i b i - B 1 e k u , Ningo and Weija in 

the Greater Accra Region; Akim Oda, Akorle, Huhunya, 

Nkurakan and Okuenya districts in the Eastern Region and 

Agogo (Ashanti Akim) district in the Ashanti Region. 

Production in the various regions is seasonal (Fig. 2) with 

the exception of Ashanti which lies in the Tropical rain 

forest belt, where the crop is cultivated practically 

throughout the year.

As a perishable, endogenous physiological processes in 

the presence of the high water content cause rapid storage 

d e t e r i o r a t i o n . Also the harvested fruit under normal 

atmospheric humidity conditions lose water quite rapidly, 

and become shrivelled, discoloured and hardened (Labios, 

1984). When fruits of 'Smooth G r e e n’ okra variety were 

kept on shelves in polyethylene bags with or without 

diffusion holes, the visual quality of the fruits remained 

good for 5 days while pods without polyethylene covers 

became progressively flaccid within that period (Labios, 

1 984) .

Onion is grown mainly in the northern areas of 

tropical West-Africa particularly by the Hausas of Northern 

Nigeria, Mali and Niger (Irvine, 1969). Prior to the

6
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Fig. 2: Harvesting periods of Okra in the different okra-growing
regions of Ghana (Data provided by the Ministry of Agric., Accra)



introduction of onion into Ghana in the 1 9 3 0’s, shallot 

( A 1 1 i um cepa var a g g r e g a t u m ) was the only alliaceous crop 

cult i vat ed and this was done mainly in the sandy areas of 

Anloga in the Volta Region (Adomako, 1959). According to 

Adomako (o£. ci t .) the Bawku variety of onion was first 

introduced in 1930 from Benlengu in Burkina Fasso to Bugri 

in the Kusasi district of the Upper East Region. From 

there its cultivation spread southwards. '-However, the 

Upper East Region remains the major area of production.

The major varieties cultivated in Ghana are Bawku, Red 

Creole and Texas Grano. These varieties be

distinguished on the basis of size, colour and pungency of 

the bulb. Bawku variety has medium sized, firm-fleshed and 

globular bulbs with purple skin. Red Creole bulbs are 

semi-globes, small to medium in size, firm fleshed and red 

skinned. Texas Grano bulbs are large, shaped like a top 

with straw yellow skin and white flesh.

Onion is characterised by a pungent alliaceous 

compound, allyl-propyl disulphide (CgH^S^) which is formed 

when the plant is cut, bruised or injured. The bulb is

rich in Vitamin C (Jones and Mann 1963), and all the other

vitamins found in okra. It is eaten as salad and cooked in

curries, fried, boiled, baked, used in soup and as 

flavouring agents. Onion bulbs repel snakes when planted 

around houses. They have a disinfecting action in the 

intestines and prevent thrombosis in arteries ( Abbiw,

1990; Bendre and Kumar, 1980).

Onion is a cold season crop but it thrives over a wide
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range of temperatures. It grows best in rich well drained 

soil especially when animal or poultry manure is applied

(Irvine, 1969). An adequate soil moisture is required

throughout the growing period and particularly important at 

the time of bulb formation. Thereafter, a long dry period 

is required for bulb ripening. The aerial leaves shrivel 

when the bulb has fully . In Ghana, onion is

harvested in the harmattan season from December to March.

After lifting the bulbs from the soil, they are left 

in rows in the field to allow the neck and the outer scale 

leaves to dry. In certain countries, drying is done by

tying the bulbs into bunches of up to 20 by their tops and

hanging on railings in shade to dry. It is also possible 

to dry the bulbs artificially in special driers. In Great 

Britain, for example, drying is carried out at 30-35°C and 

at less than 75% RH in driers with an airflow at

7 c m 3/ t onne/min (Shipway, 1 9 7 8 ) .

According to Sinnadurai and Abu (1977) the Bawku

variety is inherently more compact than the Texas Early 

Grano, Red Creole and other foreign cultivars. Balkema 

(1977) noted that Texas Early Grano varieties yield better 

than the Red Creole variety but its bulbs have inferior 

keeping quality. Giza 6 variety of Egypt can withstand 

rough handling and long distant shipment; and bulbs of the 

cultivar Wad Ramii cultivated in Sudan, is stored for

several months under normal atmospheric conditions (Musa et_ 

al . , 1973) .

In Sudan, onions are stored on slates in mud or straw



cottages, piling the bulbs up to about one meter high. 

Under that condition, long storage of about four to five 

months could lead to a loss of 40-50 per cent (Musa et_ al . .

1973). In Korea, square straw cottages are built on stilts 

in which bunches of onions plaited together by their tops 

are hung on nails.

In Ghana, onions are spread on jute sacs, zanna mats 

in sheds, on sand or floors in rooms or on platforms in 

shade until they are sent to the market (Adomako, 1959).

If financial resources allow, storage under 

ref ri gerat ion is the best. A temperature of 0°C and 

atmospheric humidity of 70-75% RH are presumed to be ideal 

(Thompson, 1982). Storage at t e mp er at ure$between 1°C and 

about 25°C results in sprouting (Stow, 1975).

Sprouting is a serious constraint in storage of onion 

bulbs. The major factors which influence the rate of 

sprouting are type of cultivar, improper curing and storage 

temperature and humidity (Jones and Mann, 1 963). Wright et_ 

al . (1935) working on stored Yellow Globe storage-type

onions at 0°C, 4.5°C and 10°C and at relative humidities of 

approximately 65, 80 and 90% respectively found that

sprouting in storage was influenced very little by 

humidity, but increased with increase in temperature, 

whereas rooting increased with humidity and was little 

influenced by temperature. Karmarkar and Joshi (1941) 

conducted storage tests with a red cultivar grown in Bombay 

region, India, using eight different temperatures between 

0°C and 35°C. Sprouting occurred in the second month in
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onions stored at 8.8, 11 and 20°C, in the third month at 

4.4°C, in the fourth month at 1 .6°C and finally in the 

seventh month at 0°C. There was no sprouting after nine 

months at 24 to 29.5°C and after 10 months at 32 to 35°C. 

They also showed that bulbs stored at °C for varying periods 

of 1,2,3,5 and 7 months, and then transferred to 11 °C and 

20°C sprouted much sooner than those kept at an initial 

temperature of 32-35°C. According to Martin ei al_. , (1 985) 

when Taherpur and Jhitka onion varieties were stored for 8 

months at a precooler zone of 15-18°C and 70-90% RH in a 

commercial cold storage, all the bulbs sprouted heavily and 

rotted. Onion bulbs stored at 20-37°C and 70-90% RH with 

natural aeration dehydrated and rotted without sprouting. 

Yellow Grannex variety had been found to be storable at 2- 

5°C and 70-75% RH. They could be stored for a maximum 

period of 3-4 months after which losses due to sprouting 

rotting and loss in weight set in (Singson ei aj_, 1 977 ).

Various chemical treatments and gamma irradiation have 

been shown to prevent sprouting of onions in storage 

(Thompson et_ aj_. , 1 972). The most commonly used chemical 

is maleic hydrazide which is applied as a foliar spray in 

the field before harvest (Thompson et_ aj_. , oe c i t ).

Radiation is used to extend shelf life of certain 

fruits and vegetables. It is used to control sprouting in 

potatoes, onions and garlic and it is superior to other 

techniques (Diehl, 1 974; Nair, 1973; Roushdy et. al_. , 1 973). 

It has been recommended that irradiation should be done
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soon after harvest (Roushdy et_ aj_. , 1 973; Sparenberg,

1974). Irradiation of onions at rate of 10krad completely 

inhabited sprouting of onion bulbs stored at atmospheric 

humidity and at low temperatures for as long as 150 days. 

According to Khan and Wahid (1977), irradiation and their 

storage at 14-16°C is the optimum condition of storing 

onions and garlic in tropical countries like Pakistan.

Pepper is widely grown throughout the country and it 

is perhaps the most common vegetable garden plant. Yanney 

Ewusie (1960) studied extensively pepper species and 

varieties in West Africa. He identified 80 varieties 

belonging to three species Capsi cum annuum L., Capsi cum 

f rut escence L. and Capsi cum sinense L. The major varieties 

cultivated in Ghana belong to tK& species, Ca^Si cum annuum 

L. and Capsi cum f rut escence L. Varieties of Capsi cum 

annuum vary widely in form, from the long slender fruits of 

Legon Red to the large, inflated, bell shaped fruits with 

thick pericarp. Capsi cum f rut escence L. are small fruited 

peppers which could be conical or taper at the ends. They 

are often dispersed by birds. Capsi cum si nense L. fruits 

are small and rounded and with firm flesh.

The peppers are usually grown as a rain-fed crop in 

areas with an annual rainfall of 600-1200mm. Excessive 

rainfall is detrimental as it affects flowering and fruit 

set and encourages fruit rot. The plants cannot withstand 

water-logging even for a short time causing premature leaf 

shedding. They grow best on light loamy soil rich in lime 

but they can also be grown on a variety of soils provided

1 2



they are well drained. Capsi cum species are adapted 

high temperature but infertile pollen and poor fruit set 

may be caused by excessively hot weather (P u r s e g 1o v e s , 

1968; Rice el ai., 1987; Tindall, 1987).

Pepper is cultivated in all the regions of Ghana on 

large scale except in the Western Region. Peak harvesting 

periods for the different regions occur at different times 

between May and November as shown in Fig. 3. Some 

varieties can be preserved by sun-drying the ripe fruits to 

form what is called chillies. Chillies are also milled and 

stored in powdered form. Fresh pepper can also be milled 

into paste or puree and canned. The fresh fruits, the 

chilies and the powder are used for culinary purposes and 

for seasoning. The extract of the fruit is also an 

ingredient of ginger beer and other beverages (Tindall, 

1987). It is also an ingredient in many local medicinal 

preparat i o n s .

Pepper fruits also contain the vitamins ascorbic acid, 

niacin, riboflavin and thiamine (FAO, 1968).

Tomato is cultivated in eight out of the ten regions 

of Ghana. The major cultivars grown are Asante, Derma, 

Heinz, Improved Zuarungu, Local, Money maker, Pearson, Roma 

VF and Wosowoso. The morphological characters are 

presented in Table 1.

In the tropics, tomato plants thrive best where there 

are long sunny periods with light evenly distributed 

rainfall. Very wet weather with low sunshine conditions 

and high night temperatures result in excessive vegetative
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T AB LE  1: General characteristics of fruits of Tomato

var i et i es grown in Ghana (Apte et. aj_. , 1 9 69; N o r m a n , 1 974).

Cult i var F r u i t  s i z e Fruit shape Other features

Asant e 

Derma

Heinz, 1350 
1 370

Improved
Zuarungu

Local

Wosowoso

Med i um 

Med i um 

Med i um

Smal 1

Medi um 
to large

Moneymaker Medium

Pearson Large

Roma VF S m a l 1

Med i um 
to large

Globe

Globe

FI att ened 
Globe

G 1 o b u 1ar 

S e m i - g 1obe

S e m i - g 1obe

Deep globe 

Pear to plum

S e m i - g 1obe

2-3 lobes

Few lobes

Thick mesocarp 
with smooth 
skin whi ch is 
f i rm

Thick fleshy 
mesocarp

Thi n - w a l 1ed 
mesocarp with 
i r r eg u1ar 
corrugat i ons

Ve r y f i r m  
mesocarp with 
1 obes

Thick fleshy 
mesocarp

Thick mesocarp 
with smooth 
ski n

Thi n - w a l 1ed 
mesocarp with 
corrugations.



growth at the expense of fruiting and increase in leaf 

disease (Ti ndal 1 , 1 983 , Rice et_ aj_; 1 987).

The ideal soil condition is a light free - draining 

loam soil with a pH of 5 - 7 (Tindall 1983; Rice et.

al_.,1 987). In Ghana the crop flourishes best in Baru, 

Nania, Paga, Vea and Wuru in the Tono district in the Upper 

East Region; Northern Region; Ashalley Botwe, Ada, 

Kokrobitey and Sege districts in the Greater Accra Region; 

Wenchi district in Brong Ahafo; Mankessim and Swedru 

districts in the Central Region; Akorwu-Bana, Amanfrom- 

Kwahu at the Afram Plains, Asamankese, Nkurakan, Nsawam and 

Oda in the Eastern Region; and Agogo (Ashanti Akim) and 

Akumadan districts in the Ashanti Region.

The building of the two dams in Northern Ghana under 

the management of the Irrigation Company of Upper Region 

(ICOUR) has led to a remarkable increase in tomato 

cultivation in the region. Tomato production in the Vea 

irrigated area in Bolgatanga District of Upper East Region 

of Ghana started in 1965 (Anonymous, 1990).

Figure 4 shows the periods of tomato harvesting in the 

different regions. There are three canneries- Ghana 

Industrial Holding Corporation (GIHOC) Cannery at Nsawam in 

the Eastern Region, the cannery at Wenchi in Brong Ahafo 

and Tomato Cannery at Pwalugu in the Upper East Region- 

which can the excess product. The fruit can also be 

crushed and then dehydrated into powder for preservation 

(Anonymous 1990).

According to Norman (1972) the shelf-life of Improved

1 6
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Fig.^ : Harvesting period of tomato in the different tomato growing regions of Ghana
(Data provided by the Ministry of Agriculture, Accra).



Zuarungu fruits could be extended. Fruits treated with 

succi ni c aci d 2 , 2-di met hyl hydrazide (Alar-85) and 

harvested at mature green stage was kept in open boxes at 

room temperature (27°C). Fruits from treated plants were 

firmer and had a longer shelf life of 17 days. Untreated 

fruits showed a shorter shelf life of 11 days. Fruits from 

plants treated with Alar-85 at 1000ppm and 2000ppm had 

shelf-liVeS of 17 and 18 days, re s pe c t i v e l y ,and the 

intensity of colour was even for all fruits.

The fruit is rich in Vitamin C, niacin, riboflavin and 

thiamine. Tomato is eaten fresh or used in the preparation 

of sauces, soups, stews and tomato ketchup. The juice can 

also be fermented into wine and other fermented products 

(Dei-Tutu, 1972; King, 1980; UNIFEM, 1988). The seeds 

contain 24 per cent oil which can be extracted in 

commercial quantities, and the residual press cake is used 

as animal feed and fertilizer (Tindall, 1987).

Under the best cu 11 u m l  cond i t i ons it is never possible 

to achieve maximum yield of crops because pathogens take 

their toll in large or small measures. Associations with 

the pathogens and pests extend from the field into storage. 

The pathogens are bacteria, fungi, nematodes and viruses. 

Viruses hardly pose any problem at the post-harvest stage 

and the destructive activities of . . nematodes at this

stage are confined mainly to the tubers. Apart from the 

tubers the other major plant food products are the cereal 

grains and seeds on the one hand, and the vegetables and 

fruits on the other. Cereal grains and seeds are stored in

18
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the dried state and they, therefore, do not support 

bacterial growth and are attacked mainly by fungi 

Perishables made up of the tubers, corms, rhizomes, fruits 

and vegetables with their high water content form good 

substrates for both fungi and bacteria and these two groups 

of pathogens thrive well on them in the field and on their 

products after harvest. Their influence on the production 

of okra, onion, pepper, and tomato in Ghana, and indeed 

elsewhere is, therefore, considerable.

Although okra is attacked by a number of fungal 

pathogens the effects of infection have not been overly

serious. Sooty mould of the leaves caused by 1 renopsi s 

aci culosa is very common in Ghana (Leather, 1958). Another 

black leaf mould, Cercospora abelmoschi i may induce 

premature leaf fall. Pre-harvest fruit diseases are few. 

Ascochyt a abelmoschi i causes pod spot (Irvine, 1969;

Pursegloves, 1968). Macrophomina phaseolina causes dry rot 

of the fruit (Pursegloves, 1968).

A succession of mycoflora is a common feature of chips

of any kind exposed to drying. The early period of drying

is characterised by fast growing moisture -loving fungal 

species. They are mainly members of the sub-division 

Zygomycotina which are able to use only sugars and simple 

carbon compounds as energy source. These species are 

followed by members of the sub-divisions Ascomycotina and 

Deuteromycotina which have the ability to use cellulose and 

other complex carbon compounds (Barton, 1960). As the 

drying material loses much of its moisture many fungi are

1 9



eliminated leaving only the xerophilic species. The 

Asperg i11 us and Pen i c i 11 i um species in particular belong to 

this category and in the tropics they are the predominant 

flora of dry products. Thus, studies by Udeobi (1987) have 

revealed that fresh okra fruit chips are heavily invaded 

by Neurospora crassa and Rhi z o p u s  oryzae while Christensen 

and Kaufman ( 1 974) recorded A s p e r g i 11 us candi d u s , 

A s p e r g i 11 us f 1avus . A s p e r g i 11 us g l a u c u s . A s p e r g i 11 us 

h al o ph i1u c u s , A s p e r g i 11 us ochraceus , A s p e r g i 11 us rest rictus 

and W a l 1emi a sebi on dry okra fruit chips.

The effects of these contaminants are as serious as 

that of the pathogens. For example, Udeobi (1987) noted 

that Rhi z o p u s  oryzae caused a loss of 40 per cent in dry 

weight within 4 days, a shift of pH from 5.3 to 7.1 and a 

decrease in the level of fructose, glucose, maltose and 

also in the percentage of crude protein. Neurospora 

crassa-i noculat ed chips lost 20 per cent of the dry weight 

in 4 days. The pH rose from 5.3 to 5.7; fructose, glucose 

and sucrose concent rations fell and maltose was totally 

depleted. On the other hand, the percentage crude protein

rose from an initial 4.4 per cent to 8.1 per cent.

The infections of onion fall into three groups namely, 

leaf infections, bulb field infections and bulb storage

infections. Downy m ildew of onions caused by Peronospora 

dest ructor is usually prevalent in areas of intensive

onion production. Necrotic spots are found near the leaf 

tips (Hilderbrand and Sutton, 1984; Rice et. aJL. , 1 987).

There is die back of the leaves with consequent suppression



of the development of the bulb (Tindall, 1987).

St emphvlium vesi cari um causes a leaf blight of onion 

in Texas, USA (Muller et_ al_. , 1 978) and in India (Rao and

P au g i, 1975). In experimental inoculations by Shishkoff

and Lorbeer (1989), the fungus caused lesions on leaves of 

all ages.

A leaf disease characterised by elliptical white leaf 

blotches and die back in Great Britain appeared to be 

caused by a multiple infection. Although some of these 

symptoms were attributable to Alt ernari a porri and 

Cladosporium herbarum which were isolated from senescent 

leaf tissue or leaves scorched by herbicide, a few leaf 

tips revealed pycnidia of Ascochyta a l 1i i-cepae 

( Puni t hal i ngam et_ aj_. , 1985).

Cladosporium a l 1i i-cepae and Cladospori um a l 1 i i (Syn. 

Het erospori um a l 1i i ) during experimental inoculation 

studies were found to cause leaf blotch of both onion and 

Japanese bunching onion (Al 1 i um f i s t u l o s u m ) (Jordan et_ aj_. , 

1984).

There are three major onion bulb field infections. 

The basal bulb rot caused by Fusari um oxysporum affects 

onions at any stage of development. It normally causes 

death of seedlings (Tindall, 1987). Bulbs infected at the 

last stage of development carry the fungus into storage and 

at room temperature quickly develop a soft semi-watery rot. 

The infected bulbs eventually become desiccated empty 

shells (Thompson, 1982).

Sclerot i um cepi vorum affectgthe bulbs in a different
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way. It causes rapid watery rot of the onion bulb scales. 

The fungus produces oxalic acid in culture or in infected 

tissue which is partly responsible for maceration, and the 

symptoms of infected bulbs may be a synergistic action of 

the oxalic acid and Endogalacturonase of S. cepi vorum 

(Stone and Armentrout, 1985).

Another soft rot disease is caused by Bot ryt i s a 11 i i , 

Bot ryt i s byssoi dea and Bot ryt i s s q u a m o s e . The disease may, 

however, develop at any part of the bulb. The fungi mainly 

cause a neck rot of the bulbs. Affected areas develop a 

brown soft rot followed by a dense cover of grey or green 

powdery s p or es . v The pathogens are seed borne and evidence 

suggests that there is no bulb to bulb transmission during 

storage (Maude and Presley, 1977), even though they cause 

serious storage bulb rot, especially in Great Britain. In 

experiments carried out at Wei 1e s b o u r n e ,

Great Britain, Bot ryt i s byssoi dea was found to cause more 

severe neck rot than Bot ryt i s al 1 i i in the field and in 

stored bulbs grown in areas where either onions or onions 

and leeks had been grown consistently for a number of years 

(B u r c h i 11, 1984).

Col 1etotrichum dematium f. sp. ci rci nans infection is 

characterised by black lesions on the outer scales of 

maturing bulbs particularly under high temperature 

conditions (Rice et_ aj_. , 1987; Tindall, 1987). The smut

fungus, Urocyst i s c e p u 1a e , causes black soft rot. Only 

young plants are susceptible. The leaves develop black 

spots, collapse and the plant dies. The black spore masses
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(ch 1 am yd o s p o r e s ) erupt near the base of bulb scales on 

surviving plants.

In storage, A s p e r g i 11 us niger and Pen i c i 11 i um species 

are the main fungi always isolated from the bulbs. 

Peni c i 1 1i um species thrive along the main vertical ribs of 

the wrapper scales and sometimes the first fleshy scale of 

the bulb whereas A s p e r g i 11 us niger often produces dense 

black powdery spore masses on the outer scales, beneath the 

wrapper scales and at the base of the neck downwards (Maude 

et a l ., 1983; T h o m p s o n , 1 982). Asperg i 11 us fumigat us also 

occurs occasionally, especially, at high storage

temperature (30 - 40°C). In 1984, the fungi were mainly 

responsible for post- harvest rotting in Great Britain 

(Maude et_ aj_. , 1 984) .

Bacterial soft rot disease caused by E rwi n i a

carotIvora causes considerable loss in storage. The rot

usually begins at the neck of the bulb and affects one or 

more scales. The bulb loses its firmness and an offensive - 

smelling exudate oozes through the neck when the onion is 

squeezed (Jones and Mann, 1963).

Pseudomonas cepa causes sour or slippery skin. This 

disease occasionally affects some of the outer fleshy 

scales of the bulb. The rot at first has a glazed 

appearance, then becomes slimy and yellow and gives off a 

characteristic vinegar-like odour (Jones and M a n n ,o p .c i t ).

Extensive studies have been made in many countries to 

determine the keeping quality of various cultivars. 

Magruder et_ aj_. , (1941 ) made a study of the principal onion
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cultivars of the United States grown in many soils and 

climates, and stored under a variety of conditions. They 

were able to classify the cultivars which they studied into 

five storage groups as follows: very poor - Italian Red; 

poor -Crystal Wax, Yellow Bermuda, Early Grano; fair-White 

Sweet Spanish, Prizetaker, Sweet Spanish; good -Red 

Wethersfield, Mountain Danvers, Extra Early Yellow, Yellow 

Danvers Flat, Yellow Strasburg, Southport White Globe, 

Southport Yellow Globe, Southport Red Globe, Ohio Yellow 

Globe, White Portugal, Ebenezer, Yellow Globe Danvers; very 

good-White Creole, Red Creole, Australian Brown.

Pepper suffers from stem and collar rot diseases. 

Collar rot is caused by Sclerot i um rolfsi i and it is very 

serious during warm wet periods. Attack by Phytopht hora 

capsi ci has similar effects on the plant. Infected plants 

are normally girdled at ground level causing wilting and 

ultimate death (Pursegloves et. al_. , 1981). Heavy rainfalls 

bring about early onset and causes more rapid development 

of the disease (Ristaino, 1989). Another wilt disease, 

Fusarium wilt is caused by Fusari um annuum (Pursegloves et. 

aj_. , 1981). Finally, pepper suffers from a stem rot caused 

by G 1 o m e r e l 1 a ci n g u 1 at a .

The major leaf fungal diseases are the pepper powdery 

mildew and the frog-eye leaf spot. Powdery mildew caused 

by L ev ei 11ula t au ri ca occurs in great abundance in West 

Africa (Ayesu- O f f e i , 1966) and was first recorded in Ghana 

in 1958 (Leather, 1959). The mycelium of J_. t auri ca is 

commonly endotrophic and conidiophores emerge through the
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stomata to produce hyaline conidia of two types, a larger 

proportion of cylindrical conidia and a smaller proportion., 

approximat el y f one-fifth of conical conidia. White patches 

indicating crops of conidiophores and their conidia are 

found principally on the abaxial surface of the leaf. The 

chloroplast in these localities degenerate and the infected 

areas are identified from the adaxial surface of the leaves 

as yellow patches. Diseased leaves fall prematurely. Brown 

(197fe)found that during the dry season^ infection by L. 

t auri ca was moderately high (21 per cent of the leaves were 

infected) in the large -fruited and long-fruited varieties 

whilst infection was very low (less than 5 per cent of the 

leaves were infected )in the medium-fruited, round-fruited 

and s m a l 1-fruited varieties. The greatest infection was 

recorded on the long-fruited variety and the lowest 

infection on the s m a l 1-fruited variety during the rainy 

s e a s o n .

The frog-eye leaf spot is caused by two Cercospora 

species, C. capsi ci and C. u n a m u m o i . The typical symptoms 

are large circular or oblong spots with dark brown margins 

and light-grey centres (Pursegloves et_ al . , 1981).

Some pathogens attack both the leaves and the fruits. 

The stem-rot fungus G 1 o m e r e l 1 a ci n g u 1 at a also causes fruit 

rot (Gollifer, 1973) and Xant homonas vesi catori a causes a 

serious bacterial spot disease in both leaves and fruits. 

The spots on young leaves are yellowish-green but appear 

dark and water soaked on older leaves. Severely spotted 

leaves turn yellow and fall prematurely (McCarter, 1989).
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Fungai> attacks'on the fruit causes diseased spots in 

many instances. Anthracnose caused by G1oespori um

pi perat um is particularly serious during wet weather. 

Infected fruits both green and ripe develop dark circular 

sunken • s p o t s . Another spotting of fruit is caused by 

Col 1etot ri chum ni g r u m . The fungus commonly attacks over

ripe fruits producing dark sunken spots (Pursegloves et. 

al . , 1981). In Georg i a , U S A , Col 1etot richum capsi ci causes 

small yellowish spots on the ripe fruit w h i c h ? in damp 

weather^ increase in size and become sunken and soft 

(Dempsey and Brantley, 1953).

Phomopsi s sp. causes fruit rot (Gollifer, 1973) while 

Alternari a alt ernat a causes an internal mould of ripe fruit 

without showing external signs of infection (Bremer, 1955; 

Leyendecker, 1950; Melikova, 1960). The fungus enters the 

ovary through the stigma and style and the fruit is 

therefore infected even before anthesis and compact 

sporulating masses of mycelia of the fungus are found on 

the seeds of the mature fruit. Such early infection of the 

floral parts causes damage to the flower and young fruit 

and the blossom-end of the fruit and the placenta tissue 

become necrotic (Meiri and Rylski, 1983). It is a common 

disease of various cultivars of sweet pepper in Israel 

(Rylski et_ al . , 1 975).

Powdered peppers can become highly contaminated. 

Hadlock (1969) and Walz (1956) recorded a total viable cell 

count of as high as 8.0-10.0 X107 CFUg-1 . Warm Brod and Fry 

(1968) found that total bacterial load of pepper ranged
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from 3.0 X103 CFUg"1 to 2.8 X107 CFUg"1 while coliform were 

less than 100 CFUg'1. Farkas et_ aj_.,(1982) stated that 

mould count in Nigeriatf pepper ( Capsi cum species) called 

’T a t a s £’ was low between 10.0 - 2.1 X102 CFUg"1.

Mould and yeast counts on both whole and pulverised
frM.vfcs

pepperA increased with rise in humidity within the range of 

55 to 95 % RH. Whole pepper stored at 55% RH has mould and 

yeast population of about log 4.2 and this increased by 

about 4 log cycles at a storage of 75% RH (Afrim, 1986). 

Fungi contaminating pepper (whole and ground) stored at 28°C 

for 44 days were Asperg i 11 us f 1 avus . A. fumi gat u s , A. 

i aponi c u s . A. parasi t i c u s . A. s u l p h u r e u s . Neurospora 

si tophi l a . Rhi zopus o r y z a e . A s p e r g i 11 us niger was 

encountered only on whole pepper. According to Farkas et. 

al . (1966) during nine weeks test period the most frequent

mould isolated from the pepper fruits belonged to the 

Alt ernari a , Cephalospori u m . Fusari um and St e m ph j1 i um 

g e n e r a .

Tomato suffers from the greatest number of fungal and 

bacterial diseases. Phytopht hora parasi t i ca was found to 

be highly virulent to tomato seedlings causing stem lesions 

and usually seedling death (Matheron and Mejka, 1989).

Some of the pathogens of the seedlings could be seed- 

borne. Vartaman and Endo (1985) isolated Phytophthora 

i nf estans from freshly extracted wet tomato seeds, and 

seedlings became automatically diseased on emerging from 

wet seeds.

Fusari um oxysporum f. sp. 1ycopers i c i , the causal
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agent of vascular wilt of tomato, is another example. It 

is both seed and soil-borne and it has been shown that long 

distance spread is by either infected seeds or by diseased 

transplants (Snyder and Hansen, 1941). The entire root 

system is affected, exhibiting a dry brown rot of the 

cortex and stele (Leary and Endo, 1971). Although plants 

infected at the vegetative stage do not die off, they 

become stunted^ chlorotic and practically worthless.

Infection after fruit set invariably causes plant wilt and 

death. Wilting and death also accompany Fusari um wilt 

caused by Fusari um bulbi genum var. 1ycopersi ci (Tindall, 

1987). In Ghana, tomato vascular wilt caused by Fusari um 

oxysporum f. 1ycopersici and Vert i c i 11 i um albo-at rium is 

common. F. oxysporum f. 1ycopersi ci is very widespread and 

so persistent in soil that neither soil sterilization nor 

crop rotation is of much value (Clerk, 1974).

Furthermore, tomato suffers from a bacterial wilt. It 

is one of the most serious diseases of tomatoes in the wet 

tropics and is caused by Pseudomonas so la n a c e a r u m . 

Infected plants never live long. They quickly wilt without 

yellowing and die soon after.

The soil facultative parasite Pvrenochaeta lycopersici 

causes the disease known as corky root. This is a cold 

region parasite. Lesion development was shown to be more 

severe at 16°C than at 27°C (Shishkoff, 1 989).

Many fungal pathogens cause exclusively leaf diseases. 

The leaf mould Cladospori um f u 1vum is prevalent in wet 

weather and causes serious damage under warm moist
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c o n d i t i o n s .  T h e  f u n g u s  a p p e a r s  as b r o w n i s h - g r e y  p a t c h e s  on 

t h e  u n d e r s i d e  o f t h e  l e a v e s .  T h e  i n f e c t e d  a r e a s  l o se  t h e i r  

c h l o r o p h y l l  c o n t e n t  a n d  a p p e a r  as 3re l l o w  p a t c h e s  w h e n  

v i e w e d  f r o m  t h e  u p p e r  s u r f a c e  ( C l e r k ,  1 9 7 4  ). L e v e  i 1 1 u 1 a 

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

i n f e c t i o n s  w h i c h  a r e  f i r s t  v i s i b l e  as s m a l l  l i g h t  g r e e n  

l e s i o n s  l a t e r  b e c a m e  b r i g h t  y e l l o w  a n d  n e c r o t i c  ( C o r r e l  e_t 

a 1 . , 1 98 5 ; C o r r e l  a n d  E l l i o t t ,  1 9 8 6 ) .  T h e  d i s e a s e  is n e v e r  

as s e r i o u s  as p o w d e r y  m i l d e w  c a u s e d  b y  t h i s  f u n g u s  in 

p e p p e r .

T h e  l e a f  s p o t  c a u s e d  b y  S e p t o r  i a 1y c o p e r s  i c i is c o m m o n  

in f o r e s t  a r e a s  a n d  c a n  b e v e r y  s e r i o u s .  S m a l l  b r o w n  

w a t e r - s o a k e d ,  s p o t s  w i t h  p a l e  c e n t r e  a n d  y e l l o w  e d g e s  

a p p e a r  u s u a l l y  in w e t  w e a t h e r  on t h e  l e a v e s  ( T i n d a l l ,  

1 9 8 7 ) .  I n f e c t i o n  m a y  c a u s e  d e f o l i a t i o n .

C o r v n e s p o r a  c a s s  i c o 1 a c a u s e s  t a r g e t  l e a f  o f  t o m a t o ^ a  

d a r k  b r o w n  p a t c h  w i t h  d a r k e r  c o n c e n t r i c  r i n g s .  T h e  d i s e a s e  

s e v e r e l y  r e d u c e s  y i e l d  a n d  c a u s e s  p e c u l i a r  b r a n c h i n g  of 

l e a v e s .  S t e m p h y 1 i u m  s o  1 a n  i is k n o w n  to c a u s e  g r e y  lea f 

s p o t  o f  t o m a t o  in t h e  P a n a m a ,  a n d  is s e r i o u s  in w a r m  w e t  

w e a t h e r  ( C o w l i n g ,  19 8 0;  S a n c h e z  a n d  S a m a n i e g o ,  1 9 8 4 ;  S h e r f  

a n d  M a c N a b ,  19 8 6;  T i n d a l l ,  1 9 8 7 ) .  A n o t h e r  l e a f  s p o t

p a t h o g e n  is C e r c o s p o r a  c a n e n s c e n s  w h i c h  m a y  a t t a c k  t h e  s t e m  

as w e l l  ( S o l h e i m  a n d  S t e v e n s ,  1 9 3 1 ) .

A 1 t e r n a r i a  s o 1 a n i  is k n o w n  to c a u s e  e a r l y  b l i g h t  o f 

t o m a t o  in t h e  P a n a m a  ( S a n c h e z  a n d  S a m a n i e g o ,  1 98 4 )  a n d  in 

m a n y  t o m a t o  g r o w i n g  c o u n t r i e s .

S o m e  o f t he  p a t h o g e n s  a f f e c t  b o t h  t he  v e g e t a t i v e
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e n d - r o t  g r o w t h - c r a c k s  o f  s k i n  o r  o t h e r  c a u s e s  ( A n o n y m o u s ,  

19 68;  E l l i s ,  1 9 7 1 ) .  L o s s e s  d u e  to t h i s  d i s e a s e  c a n  be  

s u b s t a n t i a l  ( P e a r s o n  a n d  H a l l ,  1 9 7 5) .

T h e  d i s e a s e ,  b u c k e y e  r ot o f  g r e e n  t o m a t o  f r u i t  is 

c a u s e d  b y  Ph.y t o p h t h o r a  p a r a s  i t i c a  (C r  i pt o p o u  1 o s  , 1954;

S a t o u r ,  1 9 6 3 ) .  L e s i o n s  t h a t  d e v e l o p  o n  t h e  s u r f a c e  of

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

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

( K e n d r i c k ,  19 2 3;  T o m p k i n  a n d  T u c k e r ,  1 9 4 1 ) .  B u c k e y e  rot 

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

( B a r k s d a l e ,  19 6 8;  B a t s o n ,  1 9 7 3 ;  T o m p k i n  a n d  T u c k e r ,  1941 ; 

W i l s o n ,  1 9 5 6 ) .  R h i z o c t o n i a  s o  1 a n i  a n d  R h i z o c t o n i a  c i n e r e a  

a l s o  c a u s e  r ot  o f  t o m a t o  f r u i t s  t o u c h i n g  t h e  g r o u n d  ( A y r e s  

et a l ., 1 9 8 0 ,  B a r k s d a l e ,  1 9 6 8 ;  B a t s o n ,  1 9 7 3 ) .

A n t h r a c n o s e  o f  t o m a t o  c a u s e d  b y  C o  1 1 e t o t  r i c h u m

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

( D i l l a r d ,  1 98 9 ; F u l t o n ,  1 94 8;  K e n d r i c k  a n d  W a l k e r ,  194 8; 

U l m a n  e_t aj,. , 1 9 5 9  ). A n t h r a c n o s e  a p p e a r s  as c i r c u l a r

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

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

( A y r e s  e_t a_l_. , 1 98 0 ; G o u l d ,  1 9 8 3  ). S e v e r e  o u t b r e a k s  of

t o m a t o  a n t h r a c n o s e  a r e  m o s t  o f t e n  a s s o c i a t e d  w i t h  h i g h  

r a i n f a l l  d u r i n g  t he g r o w i n g  s e a s o n  ( B a r k s d a l e  e_t aj.• > 19 7 2; 

D i l l a r d ,  1 98 8;  19 89 ; U l m a n  et a i - , 1 9 5 9 ) .

D i d v m e 11 a 1y c o p e r s  i c o n  is o n e  o f  t h e  m o s t  s e r i o u s  

p a t h o g e n s  o f  t o m a t o e s .  W o u n d i n g  a n d  h i g h  h u m i d i t y  a r e  

r e p o r t e d  to i n c r e a s e  t h e  c h a n c e s  o f  i n f e c t i o n  ( V e r h o e f f ,  

1963 ). P y c n i d i o s p o r e s  o f  D. 1 y c o p e r s  i c o n  w e r e  c a p a b l e  of
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i n d u c i n g  s t e m  l e s i o n s  w h e n  e x p e r i m e n t a l l y  i n o c u l a t e d  i nt o  

w o u n d s  ( F a g g  a n d  F l e t c h e r ,  1 9 8 7 ) .

O t h e r  t o m a t o  f r u i t  r ot  f u n g i  i d e n t i f i e d  in T r i n i d a d  b y 

B a k e r  ( 1 9 3 9  ) a r e  B a c  i 1 l us  a r o  i d e a e . P h o m o p s  i s s p e c i e s  a n d  

B o t  r v o d  i p 1o d  i a t h e o b r o m a e  w h i c h  c a u s e d  s o f t  r o t s  a n d  P h o m a  

d e s  t r u c t  i v a  a n d  C 1a d o s p o r  i u m  f u 1v u m  w h i c h  c a u s e d  d a r k  

l e s i o n s  o n  t h e  f r u i t s  ( A n o n y m o u s ,  1 9 8 1 ) .

M a n y  m o r e  f u n g i  a n d  b a c t e r i a  a s s o c i a t e  w i t h  c r o p s  in 

o t h e r  w a y s .  T h e  R h i z o b i u m - 1e g u m e  m u t u a l i s t i c  a s s o c i a t i o n  

is u n i v e r s a l l y  k n o w n  a n d  it is i n d i s p e n s a b l e  to t he  g r o w t h  

o f  th e  c r o p .  L i k e w i s e  n u m e r o u s  c r o p s  h a v e  e n d o t r o p h i c  

m y c o r r h i z a  a s s o c i a t i o n  (V e r s i c u 1a r - a r b u s c u 1a r - m y c o r r h i z a  

(V AM )y  w h i c h  e n h a n c e s  t h e  g r o w t h  a n d  y i e l d  o f  t h e  c r o p s .  

T h e  f u n g a l  p a r t n e r  p r o v i d e s  t h e  c r o p  p r i n c i p a l l y  w i t h  

p h o s p h o r u s .  F o r  e x a m p l e  t o m a t o  p l a n t s  i n o c u l a t e d  w i t h  V A M  

f u n g i , A c a u l o s p o r a  1a e v i s  , G i g a s p o r a  g i g a n t  e a  a n d  G i g a s p o r a  

m a r g a r  i t a y i e l d e d  t h e  r e s p e c t i v e  v e g e t a b l e  d r y  w e i g h t s  of 

13. 3, 1 8 . 2  a n d  8 2 . 3  m g  c o m p a r e d  w i t h  a d r y  w e i g h t  o f  o n l y  

6 . 9  m g  o f u n i n o c u l a t e d  p l a n t s ,  7 w e e k s  a f t e r  i n o c u l a t i o n  

( F a i r w e a t h e r  a n d  P a r b e r y , 1 9 8 2 ) .

O f  f a r  g r e a t e r  d i s t r i b u t i o n  a n d  o c c u r r e n c e  a r e  t he 

f u n g i  a n d  b a c t e r i a  w h i c h  o c c u p y  t he s u r f a c e s  o f  p r a c t i c a l l y  

all o r g a n s  o f  p l a n t s  w i t h  v a r i e d  c o n s e q u e n c e s .  S o m e  a r e  

b e n e f i c i a l  to t h e  p l a n t  a n d  s o m e  a r e  n o t .  T h e s e  s u r f a c e  

f l o r a  a r e  e n c o u r a g e d  a n d  s u s t a i n e d  b y  e x u d a t e s  o f  the 

o r g a n s .  T h e  e x u d a t e s  o f  a e r i a l  o r g a n s  h a v e  b e e n  le ss 

s t u d i e d  t h a n  t h o s e  o f  t h e  s u b t e r r a n e a n  o r g a n s -  T h e  s u b j e c t  

of r o o t  e x u d a t e s  a n d  m e c h a n i s m s  a f f e c t i n g  r o o t  e x u d a t i o n
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h a s  b e e n  e x t e n s i v e l y  r e v i  e w e d  in t h e  l as t t h r e e  d e c a d e s  

( H a l e  e_t a_L. , 1 9 7 1 ;  H a l e  a n d  M o o r e ,  1 9 7 9 ;  R o v i r a ,  1 9 6 9 ) .

A c c o r d i n g  to H a l e  e_L a L , ( 1 9 7 1 )  b o t h  l e a k a g e  a n d  s e c r e t i o n  

haVt s i g n i f i c a n t  r o l e  in t h e  r e l e a s e  o f  r o o t  e x u d a t e s .

It i s , a l m o s t  a c e n t u r y  a g o  t h a t  H i l t n e r  ( 1 9 0 4 )  f i r s t  

o b s e r v e d  t h a t  m i c r o - o r g a n i s m s  w e r e  m o r e  a b u n d a n t  in s o il  

n e a r  p l a n t  r o o t s  t h a n  in d i s t a n t  s o i l .  H i s  o b s e r v a t i o n  h a s  

s t i m u l a t e d  n u m e r o u s  s t u d i e s  o f  t h i s  p h e n o m e n o n  a n d  t h e  

e x i s t e n c e  o f  a r h i z o s p h e r e  o r  z o n e  o f  r o o t  i n f l u e n c e  h a s  

b e c o m e  f u l l y  e s t a b l i s h e d .  T h e  r h i z o s p h e r e  v a r i e s  in 

t h i c k n e s s  w i t h  t h e  k i n d  o f  r o o t  a n d  t h e  n a t u r e  a n d  m o i s t u r e  

c o n d i t i o n s  o f  t h e  s o i l .

T h e  p r o d u c t s  e x c r e t e d  b y  t h e  r o o t s  o f  p l a n t s  g r o w i n g  

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

r e c o r d e d  c o m p o u n d s  i n c l u d e  a m i n o  a c i d s ,  a u x i n s ,  

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

a c i d  d e r i v a t i v e s  a n d  o r g a n i c  a c i d  ( B h u v a n e s w a r i  a n d  S u b b a -  

R a o , 1 9 5 7 ;  B h u v a n e s w a r i  a n d  S u l o c h a n a ,  1 9 5 5 ;  B u x t o n ,  1 96 2 ; 

K a r t z n e l s o n  e_t a_L- , 1 95 5 ;  L u n d e g a r d h  a n d  S t e n l i d ,  1 94 4 ;

R i v i e r e ,  1 95 9 ;  196 0 ; R o v i r a ,  1 9 5 6 ;  1 96 9 ;  R o v i r a  a n d  H a r r i s ,  

19 61;  S c h r o t h  a n d  S n y d e r ,  1 9 6 1 ;  S l a n k i s ,  19 58 ;  S u l o c h a n a ,  

1 9 6 2  e t c.  ) .

I n c i d e n t a l l y ,  K a 1y a n a s u n d a r a m  ( 1 9 5 8 )  a n d  R o v i r a  ( 1 9 5 9 )  

i d e n t i f i e d  a m i n o  a c i d s  s u c h  as a - a l a n i n e ,  G l u t a m i c  a c i d ,  

A s p a r t i c  a c i d ,  C y s t i n e / C y s t e i n e ,  G l y c i n e  a n d  T y r o s i n e  in 

t o m a t o  r o o t  e x u d a t e .  M e l i n  a n d  R a m a  D a s  ( 1 9 5 4  ) a l s o  

i d e n t i f i e d  ' M ’ f a c t o r  a n d  R o v i r a  a n d  H a r r i s  ( 1 9 6 1 )  f o u n d  

b i o t i n ,  P a n t o t h e n a t e  a n d  N i a c i n  in t h e  t o m a t o  r o o t  e x u d a t e .



A m o n g  t h e  m i c r o f l o r a ,  t he b a c t e r i a  a r e  t h e  m o s t

a b u n d a n t  g r o u p  in t h e  r h i z o s p h e r e  a n d  h a v e  a p p a r e n t l y  

r e c e i v e d  t h e  g r e a t e s t  a t t e n t i o n .  T h e  G r a m - n e g a t i v e ,  n o n -  

s p o r i n g ,  r o d  s h a p e d  b a c t e r i a  p r e d o m i n a t e  w h e r e a s  G r a m -  

p o s i t i v e  n o n - s p o r i n g  r o d s ,  p l e o m o r p h i c  r o d s  a n d  c o c c i  a r e  

r e l a t i v e l y  l e ss  a b u n d a n t  ( L o c k h e a d ,  1 9 4 0 ;  R a n g a s w a n i  a n d

V a s a n t h a r a j a n , 19 6 2;  R o u a t t  a n d  K a r t z n e l s o n ,  1961 ; S p e r b e r  

a n d  R o v i r a ,  1 9 5 9 ; V a g n e r o v a  e_t aj_., 1 9 6 0  a &  b). T h e

r h i z o s p h e r e  b a c t e r i a l  d e n s i t y  is e n o r m o u s .  V i a b l e  p l a t e  

c o u n t s  o f t e n  e x c e e d e d  10^ p e r  g r a m  o f  s o i l  ( R o u a t t  a n d  

K a r t z n e l s o n ,  1 9 6 1 ) .  T h e  b a c t e r i a  m a y  c o v e r  u p  to 10 p e r  

c e n t  o f  t h e  r o o t  a r e a  ( R o v i r a  et aj_. , 1 9 7 4  ). A n  e x t e n s i v e

r e p o r t  o n  t h e  r h i z o s p h e r e  A c t i n o m y c e t e s  b y  V e n k a t e s a n

( 1 9 6 2 )  s h o w e d  t h a t  a e r o b i c ,  b i o c h e m i c a l l y  a c t i v e ,  l a t e -  

s p o r i n g  a n d  p i g m e n t e d  t y p e s  a n d  t h o s e  r e q u i r i n g  a m i n o  a c i d s  

a nd v i t a m i n s  w e r e  a b u n d a n t  in t h e  r h i z o s p h e r e .

T h e r e  a r e  s i m i l a r  r e p o r t s  r e l a t i n g  to t he  p h y s i o l o g y  

of r h i z o s p h e r e  f u n g i .  T h r o w e r  ( 1 9 5 4 )  f o u n d  h i g h e r  

p e r c e n t a g e s  o f  f u n g i  c a p a b l e  o f  m a x i m a l  g r o w t h  in s i m p l e  

a n d  in a m i n o - a c i d  s u p p l e m e n t e d  m e d i a  in r h i z o s p h e r e  t h a n  in 

n o n - r h i z o s p h e r e  s o i l ,  a n d  l o w e r  p r o p o r t i o n s  o f  t h o s e  

r e q u i r i n g  m o r e  c o m p l e x  s u b s t a n c e s .  G e n e r a l l y ,  t h e r e  is 

a l w a y s  g r e a t e r  f u n g a l  p o p u l a t i o n  in t h e  r o o t  z o n e  t h a n  in 

the r o o t - f r e e  s o i l  (eg. E b b e n , 1 9 5 9 ;  G o o s  a n d  T i m o n i n ,

19 62;  P a p a v i s a s  a n d  D a v e y ,  19 61 ;  P a r k i n s o n  a n d  C l a r k e ,  1961 

e t c . ).

T h e r e  h a s  b e e n  s u s t a i n e d  i n t e r e s t  in t he r h i z o s p h e r e  

p h e n o m e n o n  b e c a u s e  t he  i n t e r a c t i o n  b e t w e e n  t h e  p l a n t  a n d
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t he  m i c r o - o r g a n i s m s  h a s  a c o n s i d e r a b l e  s i g n i f i c a n c e  for  

c r o p  p r o d u c t i o n  a n d  s o i l  f e r t i l i t y .  T h e  p l a n t  r o o t s  c r e a t e  

a u n i q u e  s u b t e r r a n e a n  h a b i t a t  f o r  t he m  i c r o - o r  a n g n  i. s m s  . 

T h e  p l a n t  in t u r n  is m a r k e d l y  a f f e c t e d  b y  t h e  p o p u l a t i o n s  

it h a s  s t i m u l a t e d  a r o u n d  i t s e l f  s i n c e  th e  r o o t  is t he  s i t e  

f or  t h e  a b s o r p t i o n  o f  i n o r g a n i c  n u t r i e n t s  a n d  t h r o u g h  w h i c h  

m a n y  p a t h o g e n s  p e n e t r a t e .  T h e  r h i z o s p h e r e  c o m m u n i t y  m a y  

h a v e ,  in t h e  f i n a l  a n a l y s i s ,  e i t h e r  a f a v o u r a b l e  o r  a 

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

T h e  r h i z o s p h e r e  m i c r o f l o r a  m a y  f a v o u r  p l a n t  

d e v e l o p m e n t  b y  v a r i o u s  m e a n s .  A h i g h  p e r c e n t a g e  of 

r h i z o s p h e r e  a n d  r h i z o p l a n e  b a c t e r i a  is a b l e  to d e g r a d e  

o r g a n i c  p h o s p h o r u s  s u b s t r a t e s  m a k i n g  p h o s p h o r u s  a v a i l a b l e  

to t he p l a n t  ( E s t e r m a n n  a n d  M c L a r e n ,  1 96 1 ;  S z e m b e r ,  1 9 6 0 ) .  

S u b b a - R a o  a n d  B a j p a i  ( 1 9 6 5 )  a l s o  f o u n d  t h a t  t h e  b a c t e r i a  

B a c i 1 lus m e g a t e r  i m , B a c i 1 lus c i r c u 1a n s  a n d  f u n g a l  s p e c i e s  

b e l o n g i n g  to t h e  g e n e r a  A l t e r n a r i a . A s p e r g i 1 lus a nd  

P e n  i c i 1 1 i u m  p r e s e n t  o n  r o o t  n o d u l e s  c o u l d  s o l u b i l i s e  

p h o s p h a t  e s .

F u r t h e r m o r e ,  d e a m i n a t i o n  o f  n i t r o g e n o u s  c o m p o u n d s  b y 

t he l a r g e  r h i z o s p h e r e  b a c t e r i a l  p o p u l a t i o n  w o u l d  l i b e r a t e  

a m m o n i a  f o r  t h e  p l a n t s  u s e .  T h e  p r o c e s s  o f  t h e  f o r m a t i o n  

of r o o t  n o d u l e s  b y  l e g u m e s  h a s  b e e n  f u l l y  w o r k e d  o u t . T h e  

p r e - p e n e t r a t i o n  p h a s e  is c h a r a c t e r i s e d  b y  a n a m a z i n g  

i n t e r a c t i o n  b e t w e e n  t h e  r o o t  a n d  t h e  b a c t e r i a  in t he  

r h i z o s p h e r e .  T h e  p r o c e s s  is t r i g g e r e d  o f f  b y  v i t a m i n  B| in 

t he  r o o t  e x u d a t e  w h i c h  s t i m u l a t e d  g r o w t h  o f  t he  R h i  z o b  i um  

p o p u l a t i o n  in t h e  r h i z o s p h e r e .  T h e  i n t e r a c t i o n  c a n  o n l y
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p r o c e e d  w h e n  t he  R h  i z o b  i u m  c e l l s  c o n v e r t  T r y p t o p h a n  in the 

e x u d a t e  to I n d o l e  A c e t i c  A c i d  a n d  its s l i m e  p o l y s a c c h a r i d e  

s t i m u l a t e s  t h e  p r o d u c t i o n  o f  t h e  e n z y m e  P o l y g a l a c t u r o n a s e  

b y  t h e  l e g u m e  r o o t  c e l l s .

T h e  m i c r o f l o r a  p r o d u c e  o r g a n i c  c o m p o u n d s  s u c h  as a m i n o  

a c i d s ,  a u x i n s ,  g r o w t h  f a c t o r s  a n d  v i t a m i n s  w h i c h  m a y  e x e r t  

g r e a t  i n f l u e n c e  at t h e  e a r l y  s t a g e s  o f  g r o w t h  o f  t h e  p l a n t .  

A n  i n c r e a s e d  p l a n t  g r o w t h  d u e  to t he  p r o d u c t i o n  o f  a u x i n  b y  

s o i l  o r g a n i s m s  h a s  b e e n  r e p o r t e d  b y  M c M a n u s  ( 1 9 6 0 )  a n d  

R i s h b e t h  ( 1 9 5 7 )  a n d  i n c r e a s e d  r o o t  h a i r  d e v e l o p m e n t  a n d  

m i n e r a l  n u t r i e n t - t r a n s p o r t  i n d u c e d  b y  m i c r o b i a l  s u b s t a n c e s  

h a v e  b e e n  d e m o n s t r a t e d  b y  A w d u s  ( 1 9 5 9 )  a n d  P e c k e t  ( 1 9 6 0 ) .

T h e  a c t i v i t i e s  o f  p a t h o g e n s  m a y  b e  s u p p r e s s e d  in t w o  

w a y s .  F i r s t ,  t h e  e x u d a t e  m a y  b e  i n h i b i t o r y  to t h e  p a t h o g e n  

( B u x t o n ,  1 9 5 7 b ;  1 9 6 2 ) .  S e c o n d l y ,  i n t e n s e  b i o l o g i c a l

i n t e r a c t i o n s  a m o n g  t h e  f l o r a  o f  t he  r h i z o s p h e r e  m a y  l e a d  to 

t he  e l i m i n a t i o n  or s u p p r e s s i o n  o f t h e  p a t h o g e n  t h r o u g h  

e i t h e r  p a r a s i t i s m ^  c o m p e t i t i o n  o r  a n t i b i o s i s .

T h e  h a r m f u l  e f f e c t  o f  s o m e  m e m b e r s  o f  r h i z o s p h e r e  

p o p u l a t i o n  c o u l d  e q u a l l y  b e  c o n s i d e r a b l e .  S o m e  o r g a n i s m s  

p r o d u c e  a u x i n s  w h i c h  at v e r y  h i g h  c o n c e n t r a t i o n s  r e t a r d  

r o o t  g r o w t h  (Actdus, 19 5 9;  B r i a n ,  1 95 7 ; K a r t z n e l s o n  a n d  

S i r o i s ,  1 96 1 ; M c M a n u s ,  1 9 6 0 ) .

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

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

a n d  f u n g a l  p a r a s i t e s  w h i l e  z o o s p o r e s  o f  z o o s p o r i c  

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

r e s p o n s e  to p a r t i c u l a r  c o m p o u n d s  in t h e  e x u d a t e s .
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F u r t h e r m o r e  c o m p o n e n t s  o f  t h e  e x u d a t e s  i n d u c e  p o s i t i v e  

c h e m o - t r o p i s m  in t he g e r m - t u b e s  o f  t h e s e  f u n g i ,  t h e r e b y  

e n h a n c i n g  i n f e c t i o n .

S o m e  o f  t h e s e  m i c r o - o r g a n i s m s  p r o d u c e  a n t i b i o t i c s  a n d  

t o x i c  c o m p o u n d s  w h i c h  s u p p r e s s  s e e d  g e r m i n a t i o n  ( N a r a i n  a n d  

P r a k a s h ,  1 96 8 ;  L e e l a v a t h y ,  1 9 6 9 a  &  b) a n d  c a u s e

m a l f o r m a t i o n s  in, a n d  r e t a r d  g r o w t h  o f  p l a n t  r o o t s  ( B o w e n  

a n d  R o v i r a ,  1 98 1 ; C u r t i s ,  1 9 5 8  a &  b).

In a d d i t i o n  to r o o t  e x u d a t e s ,  p l a n t  r o o t s  s e c r e t e  -

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

c h a r a c t e r i s t i c s  d i f f e r e n t  f r o m  r o o t  e x u d a t e s .  R o o t  

m u c i l a g e  c a n  b e c l a s s i f i e d  i n t o  t w o  t y p e s  o n  t h e  b a s i s  of 

t h e i r  l o c a t i o n s  o n t h e  r o o t s .  T h e  f i r s t  is s e c r e t e d  b y  t he  

o u t e r  r o o t - c a p  c e l l s  a n d  s o  r e f e r r e d  to as ' r o o t  c a p  

m u c i l a g e ’. T h e  s e c o n d  is a f i r m  m u c i l a g i n o u s  l a y e r  

c o v e r i n g  th e  e p i d e r m a l  c e l l s  a n d  r o o t  h a i r s  a n d  c a l l e d  

' e p i d e r m a l  m u c i l a g e ’. In a d d i t i o n  to p o l y s a c c h a r i d e s  or 

t h e i r  s u g a r  r e s i d u e s  ( f r u c t o s e ,  g a l a c t o s e ,  g l u c o s e ,  x y l o s e  

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

T h e s e  i n c l u d e  e n z y m e s  s u c h  as a c i d  p h o s p h a t a s e  ( F e l i p e  e_t 

a! -, 1 9 7 9 ) ,  e s t e r a s e  ( S m i t h  a n d  O ’B r i e n ,  1 9 7 9 )  a n d  l e c t h i n s  

( K a t o  e_t a_l_. , 1981 ) .

T h e  m u c i l a g e  p o p u l a t i o n  p l a y s  t h e  s a m e  r o l e s  as 

r h i z o s p h e r e  p o p u l a t i o n .  A c c o r d i n g  to P a u l i  ( 1 9 8 0 )  the 

m u c i l a g e  is a f a v o u r a b l e  m a t r i x  f o r  t h e  d e v e l o p m e n t  of 

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

r e v i e w s  ( C h a b o u d  a n d  R o u g i e r ,  1 9 8 4 ;  R o u g i e r  a n d  

C h a b o u d , 1 9 8 5  ; O a d e s ,  1 9 7 8  e t c)  t h e  m u c i l a g e  h a s  o t h e r



u n i q u e  f u n c t i o n s .  T h e  m o s t  i m p o r t a n t  a r e  r e d u c t i o n  of 

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

p r o t e c t i o n  o f  t h e  r o o t  f r o m  d e s i c c a t i o n  a n d  i m p r o v e m e n t  of 

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

t h e  r o o t s .  A s m u c i l a g e  is a c t i v e  in i on  a b s o r p t i o n  it m a y  

e x e r t  s o m e  s e l e c t i v i t y  in t h e  u p t a k e  o f  i o n s  b y  p l a n t s  

( R o v i r a  e_t aj_. , 1 9 8 3 ) .  T h e  b i n d i n g  c a p a c i t y  o f  t he  m u c i l a g e  

m a y  s e r v e  as a p r o t e c t i v e  f u n c t i o n .  T h u s  it is a b l e  to 

i m m o b i l i s e  c e r t a i n  t o x i c  i o n s  ( C l a r k s o n  a n d  S a n d e r s o n ,  

1 9 6 9 )  a n d  to r e t a r d  t h e  p e n e t r a t i o n  o f  h e a v y  m e t a l  c a t i o n s  

t o w a r d s  t he  a p i c a l  m e r i s t e m  ( B a r l o w ,  19 7 5;  D r e w ,  1 9 7 9 ) .

B e c a u s e  o f  t h e  n u m e r o u s  r o l e s  p l a y e d  b y  m i c r o f l o r a  on 

s u r f a c e s  o f  p l a n t  o r g a n s ,  t h e  s t u d y  o f  t h e  p o p u l a t i o n  on 

p l a n t s  is i m p o r t a n t  in a n y  i n v e s t i g a t i o n  c o n c e r n e d  w i t h  

g r o w t h  a n d  p r o d u c t i v i t y  o f  p l a n t s .  T h e r e  a r e  f e w  r e p o r t s  

o n  t he m i c r o f l o r a  o f  t h e  f o u r  v e g e t a b l e s  s t u d i e d  in the  

p r e s e n t  p r o j e c t .

M a u d e  e_t aj.., ( 1 9 8 3 )  f o u n d  t h a t  P e n  i c i 1 1 i u m  s p e c i e s

a n d  A s p e r g i 1 lus f u m i g a t u s  w e r e  d o m i n a n t  o n  o n i o n  l ea f 

s u r f a c e s  f o l l o w e d  b y  A s p e r g i 1 lus n i g e r .

S i n h a  ( 1 9 6 5 )  i s o l a t e d  a t o t a l  o f  55 s p e c i e s  o f f u n g i  

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

b a c t e r i u m  A c t  i n o m y c e t e s  sp. a n d  t h e  f u n g i  A l t e r n a r i a  

so 1 a n i , A s p e r g i 1 lus n i g e r , C u n n i n g h a m e 1 la s p  , C u r v u 1a r i a  

s i d d i q u i  i , F u s a r  i u m  m o n  i 1 i f o r m e , F u s  i d i u m  s p . , M u c o r  

h i e m a l i s  a n d  P e n i c i 1 1 i u m  i a n t h  i n e 1 1 u m  w e r e  p r e s e n t  

t h r o u g h o u t  t h e  g r o w i n g  s e a s o n .  A n  A l t e r n a r  ia s p e c i e s  a n d  

C l a d o s p o r  i u m  h e r b a r u m  w e r e  c o n f i n e d  t o  p e r i o d s  of



m o d e r a t e l y  c o l d  a n d  c o l d  w e a t h e r .  O t h e r s ^  i n c l u d i n g  an 

A c t  i n o m v c e s  s p e c i e s  a n d  A 1 t e r n a r  ia t e n u i s s  i n i a , an 

A s p e r g  i 1 lus s p e c i e s ,  A s p e r g i 1 lus f 1a v u s , C l a d o s p o r i u m  

c l a d os . po r  i o i d e s  , H e t e r o s p o r  i u m  s p  , P a p u  1 o s p o r a  s p  , R h i z o p u s  

n i g r  i c a n s  a n d  T r  i c h o d e r m a  k o n  i n g  i o c c u r r e d  in a b u n d a n c e  at 

o n e  t i m e  o r  t he o t h e r .

P r e e c e  a n d  D i c k i n s o n  ( 1 9 7 1 )  a n d  S i n h a  ( 1 9 6 5 )  i s o l a t e d  

d i f f e r e n t  m i c r o - o r g a n i s m s  f r o m  t h e  s u r f a c e  o f  t o m a t o  l e a v e s  

at d i f f e r e n t  t i m e s  o f  t h e  g r o w i n g  p e r i o d .  A 1 t e r n a r i  a 

s o  1 a n  i , A l t e r n a r  ia t e n u i s s  i n i a , A s p e r g  i 1 lus f 1a v u s  , 

A s p e r g  i 1 lus n i g e r  , Cl a d o s p o r  i u m  c 1a d o s p o r  io i d e s  , F u s a r i  u m  

m o n  i 1 i f o r m e , M u c o r , S p  i c a r  i a a n d  S t r e p t o m y c e s  sp. w e r e  

p r e s e n t  t h r o u g h o u t  t he  g r o w i n g  s e a s o n .  A c  t i n o m v c e s  sp., 

A s p e r g i  1 lus s p .,  C h o a n e p h o r a , C l a d o s p o r i u m  h e r b a r u m , 

C u r v u 1a r  i a s i d d i q u i  i , P a p u 1o s p o r a , P e n  i c i 1 1 i u m  s p e c i e s ,  

P e n  i c i 1 1 i u m  i a n t h i n e l l u m . S p o r o t  r i c h u m  a n d  T r  i c h o d e r m a  

k o n i n g i  w e r e  c o m m o n  in c o o l e r  w e a t h e r .  D u r i n g  t h i s  p e r i o d  

C l a d o s p o r i u m  h e r b a r u m  w a s  t h e  m o s t  a b u n d a n t .  D u r i n g  w a r m  

p e r i o d s  A l t e r n a r  ia t e n u i s s i n i a  w a s  t h e  m o s t  a b u n d a n t  

s p e c  i es .

A n  e x h a u s t i v e  s e a r c h  t h r o u g h  l i t e r a t u r e  r e v e a l e d  t h a t  

n o d e t a i l e d ,  s t u d y  h a s  e v e r  b e e n  m a d e  in W e s t  A f r i c a  to 

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

o n i o n ,  p e p p e r  and. t o m a t o  p l a n t s ,  t h e i r  p o s s i b l e  s u c c e s s i o n  

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

B e s i d e s ,  t he m y c o f l o r a  o f t h e  p r o d u c t s  o f  t h e s e  c r o p s  a f t e r  

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

d e s c r i b e d  in t h i s  t h e s i s  w a s  u n d e r t a k e n  to p r o v i d e  t he
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r e l e v a n t  i n f o r m a t i o n  t h a t  w o u l d  b e  u s e f u l  to p l a n t  

c u l t i v a t o r s  in t h e  A c c r a  r e g i o n ,an d; in p a r t i c u 1a r ; L e g o n .



MATERIALS AND GENERAL METHODS

(i) MATERIALS

A. Vegetables

Plant materials of the four vegetables used in this investigation 

were obtained from Crops Science Department of the University and Ghana 

Seed Company. They consisted of the Local and Clemson Spineless 

varieties of okra (Abelmoschus esculentus L.), the Red Creole and Texas 

Grano varieties of onion (Al 1ium cepa L.), Long -shaped variety of 

pepper (Capsicum annuum L.),and the Heinz, Roma and Wosowoso varieties 

of tomatoes (Lycopersicon esculentum Mill.)

Each variety was raised on two beds on the Experimental Plot of 

the teaching garden of the Botany Department.The beds varied in size to 

suit the growth habits of the respective plants :

Okra bed :6.0X6.0m,

Onion bed :6.0X1.0m,

Pepper bed :6.0X3.0m,

Tomato bed :6.0X6.0m.

The beds were randomised and all plants received similar amounts of 

inorganic fertilizer.

Some of the varieties being raised at two other sites were 

included in some of the studies. One of the sites was the Research 

farm of the Faculty of Agriculture of the University, situated two 

kilometers north-west of the Botany Department. The other is a 

vegetable farm, also two kilometers, north-east of the Botany 

Department. All the plants therefore grew under the same climatic 

conditions.
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B. Fungal Isolates

Some of the fungi isolated from the okra, onion, pepper and 

tomato test plants raised at the Botany Department were used in 

pathogenicity, spore germination and vegetative growth tests. The 

fungi used were Alternaria solani. Aspergi11us clavatus. Aspergi11 us 

flavus. Aspergi1lus glaucus, Aspergi H u s  niaer, Aspergi1lus terreus, 

Cladosporium herbarum, Corynespora casi icola sp., Curvularia lunata. 

Fusarium oxysporum, Fusarium sp., Helminthosporium sp., Nigrospora 

oryzae. PeniciIlium citrinum. Penici11ium funiculosum. Scopulariopsis 

brevicaulis. Syncephalast rum racemosus, Trichoderma vi ride and 

Trichothecium roseum.

The isolates were maintained on Potato Dextrose Agar slants in 

McCartney tubes at room temperature and sub-cultured fortnightly.

C. Inorganic Fertilizer

The inorganic fertilizer, 15:15:15 NPK + Ammonium Sulphate was 

used. An amount of 12,g was applied to the soil at the base of each 

plant.

(ii) GENERAL METHODS

A. Raising of the Crops

The seeds were surface sterilized by immersing them in 5 per 

ccnt sodium hypochlorite solution for 10 minutes and rinsed in sterile 

disti1 led water. They were sowed in sterile soil in seed pots 25cm in 

diameter and 6cm deep. The seeds and later the seedlings were watered 

daily with sterile distilled water until the 35th day after 

germination.
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Healthy young plants of the vegetables were then transplanted on 

to their respective plots. Okra, pepper and tomato were planted at a 

spacing of 25 X 25cm and onion at a spacing of 10X1Ocm. For each tomato 

variety., the plants on one bed were staked while those on the other bed 

were unstaked.

The plants were watered everyday using a water hose, and were 

fully exposed to sunlight. A portion of the experimental plot was left 

fallow and the soil mycoflora of that area was used as a control in 

tests which examined the effect of onion bulb and roots especially on 

the soil mycoflora.

B. Maintenance of constant Relative humidities

Glycerol solutions of different concentrations were used 

according to the data of Johnson (1940) (Table 2) to provide and 

maintain different atmospheric relative humidities from zero to 95% RH. 

A saturated atmosphere, 100% RH, was maintained with distilled water.

C. Humidity Chambers 

(i) Polyethylene hoods

Thick transparent polyethylene bags drapped over wooden 

rectangular frames (35 X 30 X 26 cm) served as one of the humidity 

chambers in this study. Standard glycerol: water mixture which provided 

an Equilibrium Relative Humidity of 85% was put in an open large Petri 

dish (12.5cm diameter) placed inside the humidity chamber. The bags 

were made air- tight by stapling the opening.

(i i) Transparent Plastic Boxes

Transparent plastic boxes (21.5cm long, 10.5cm wide and 7.5cm



Table Maintenance of Atmospheric Humidities with 
Glycerol-Water mixtures (Data of Johnson,
C.G. 1940).

%  RH %  Weight Specific Water V.P
Glycerol Gravity (mm)

0.0 100.0 1.261 -

1.7 98.0 1.256 0.4

16.9 92.0 1.240 4.0

33.8 83.0 1.215 8.0

44.3 75.0 1.194 10.5

62.4 60.0 1.153 14.8

73.4 50.0 1.126 17.4

85.2 35.0 1.085 20.2

92.8 25.0 1.059 22.0

97.0 15.5 1.036 23.0

100.0 0.0 0.998 23.7



If

deep) with tightly fitting lids sealed air-tight with vaseline were 

also used as humidity chambers. These were used mainly in conidial 

germination tests. Glass slides with dry spores were supported by solid 

watch glasses above 4mm.deep humidity - maintaining fluid at the bottom 

of the boxes. The plastic chambers proved very convenient since very 

little condensation occurred when the relative humidity was maintained 

at 100% R.H.

(iii) Desiccators

Desiccators were also used as humidity chambers in tests 

determining moisture sorption isotherm of dry okra fruit chips and 

pepper fruits. The glycerol: water mixture was poured into the well of 

the desiccator to a depth of 3.0 cm.

D. Buffer solution

The pH of media was adjusted, when required, by adding Buffer 

solutions. Buffer solutions were prepared according to the data 

provided by Hale (1958) as shown in Tables 3 and 4. The pH of all 

adjusted media were checked with Glass electrode pH meter (HM-60s).

E. Solar Drier

A Solar Drier was used to dry okra fruit chips and whole pepper 

fruits. The solar drier protected the samples from dust, rain and 

minimised bacterial and fungal contamination. It consisted of a 15 cm 

deep wooden tray, 150 X 70 cm, with a polyethylene gable roof and 

supported by 58 cm high legs.

45

j



46

TABLE 3: Citric acid: Na^HPC^ (Mcllvaine Buffer Standards)
for providing pH 2.2 to 8.0.
Stock Solution A: 0.1 M Citric acid; (CgHgO|). 
Stock Solution B: 0.2 M Disodium hydrogen 
orthophosphate (NagHPOj) (Hale, 1958).

pH Solution A (ml) Solution I

2.2 490.0 10.0

3.0 397.3 102.7

4.0 307.3 192.7

5.0 242.3 257.5

6.0 184.3 315.7

7.0 88.3 411 .7

8.0 13.8 486.2
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TABLE 4: Clark and L u b’s Buffer standards for providing pH
8 to 10
Stock Solution A: 0.2 M Boric Acid + 0 . 2 M

Potassium chloride. Stock Solution B: 0.2 M
Sodium Hydroxide (Hale, 1958)

pH Solution A Solution B Deionised
(ml) ( ml) Water ( m l )

oCO 50 4.0 146.0

9.0 50

CM 1 28. 6

10.0 50 43 . 9 106. 1



F . Culture Media

All chemicals used in the preparation of the media 

were of Anal ar ’ grade or of the B.D.H. (British Drug

H o u s e ) .

(i ) Water Agar

A g a r ...................................................... 12.Og

Distilled Water .................................. 1000ml

(i i ) Potato dextrose broth (PDB)

Irish p o t a t o .........................................  200g

D e x t r o s e ................................................. 20.Og

Distilled water .................................. 1000ml

To prepare the medium, 200g of peeled tuber cut into 

pieces was boiled in 500 ml distilled water. The

extract was strained with muslin cloth, made up to 1000

ml and 20 g dextrose added.

(i i i ) Sweet potato dextrose broth

Sweet p o t a t o .........................................  200g

D e x t r o s e ................................................. 20.Og

Distilled w a t e r .................................  1000 ml

(Prepared as in PDB)

(iv) Pawpaw extract broth

Unripened pawpaw fruit flesh ..................... 200g

Distilled water .................................  1000ml

(Prepared as in PDB)
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(v) Cassava dextrose broth

C a s s a v a ..............................................  200g

D e x t r o s e .............................................. 20.Og

Distilled water .................................. 1000ml

(Prepared as in PDB)

( vi) Glucose agar

Dextrose ............................................ 200.Og

Distilled water .................................. 1000ml

A g a r ....................................................12.Og

(v i i ) Yeast Extract Medium

Yeast extract ....................................... 3.0g

P e p t o n e .............................................. 10.Og

Distilled water .................................. 1000ml

(viii) Basic Culture medium (Halm, 1971)

D L-Asparagine ....................................... 2.0g

Glucose ( D e x t r o s e ) ............... ................. 30.Og

Magnesium sulphate (MgS04.7H20 ..................  0.5g

♦Mineral solution .................................. 1.0ml

Potassium dihydrogen Phosphate (KH2P04) . . . 1 .0g

Distilled water .................................. 1000ml

♦Mineral solution

Copper sulphate (CuS04. 5H20 ) ..................... 0.4g

Sodium Borate ( NaB40y . 2H20 ) ..........................0 . 04g

Ferrous Phosphate (FeP04.2H20 ) ..................  0.8g



Magnesium Sulphate (MgSOj. StijO) ................. 0 . 8g

Sodium Mol ybdate ( Na2MoO(i . 2H20 ) ...................... 0.08g

Zinc sulphate (ZnS04.7H20 ) .......................  0.8g

Distilled water ..............................  1000ml

(i x ) Plate Count Agar (PCA) Oxoid 325

P C A ...................................................... 1 7 . 5g

Distilled water ..............................  1000ml

( x ) Oxyt et racycl i ne Glucose Yeast Extract (OGYE)

O G Y E ...................................................... 37. Og

Distilled water ..............................  1000ml

Freeze dried oxytetracycline (oxoid SR 73) in 10 ml 

sterile distilled water.

Yeast Dextrose agar

Yeast e x t r a c t ....................................... 5.0g

D e x t r o s e ................................................. 20.Og

Bi ot i n ..............................................  0 . 0001g

A g a r ...................................................... 12.Og

(x i ) Modified C o o k e’s Medium (Cooke, 1954)

D e x t r o s e ................................................. 10.Og

P e p t o n e ..............................................  5.0g

k h 2p o 4 ...................................................  1 . Og

MgS04.7H20 ............................................ 0.5g

Rose Bengal ............................................ 0.03g

Streptomycin ....................................... 0.35ng
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Distilled water ........................................... 1000ml

(xii) Halt Extract Agar

Malt e x t r a c t ............................................... 15.0g

A g a r ........................................................ 12.0g

Distilled water ........................................... 1000ml

(xi ii ̂ Nutrient Agar

Nutrient a g a r ............................................... 28.Og

Disti1 led w a t e r ........................................... 1000ml

(xiv) V-8 Broth

V-8 juice................. .............................. 3 m - t i n  I

Distilled water ............................................  1000g

A g a r .......................................................... 12. Og

(Suspension was filtered using cotton wool and pH adjusted to pH 

6.5)

G. Preparation of tomato and pepper fruit and onion bulb extracts 

Different weights, 500g of tomato fruits ,50g of pepper fruits 

and 100g of onion bulbs were blended using a Manullete blender in 

250ml, 250ml and 50ml of sterile distilled water, respectively. Each 

was then filtered through clean absorbent cotton wool and next with 

filter paper sing Compton Vacuum pump (351vm). The filtrate was then 

centrifuged at 400g for 20 minutes in a Hitachi Table -top centrifuge 

(SCT5BA). The supernatant liquid obtained was the stock solution. 

Various dilutions were prepared from the stock filtrate as desired.



H. Isolation of fungal pathogens.

The infected fruits were surface sterilized by immersing in 5 

percent sodium hypochlorite solution for 5 minutes and rinsing in 

sterile distilled water. The mesocarp tissue at the edge of the rot was 

cut into 2 X 2 X 2mm cubes and five cubes were placed equidistantly on 

a Petri-piate containing a few drops of streptomycin solution to 

inhibit bacterial growth. Five Petri-plates were used for each 

exercise. They were incubated at 28°C for 5days.

The fungal pathogens which grew out of the mesocarp pieces were 

isolated, subcultured and incubated at 28°C in MaCartney tubes 

containing Potato Dextrose Agar slants. They were stored in a 

refrigerator and sub-cultured fortnightly.

I . Air -spora trapping

The plate exposure method was used to make a monthly estimate of 

the level of airspora. Petri plates of oxytetracycline glucose yeast 

extract-agar (OGYE) were exposed on 100cm-high laboratory stools at the 

centres of the experimental plot at the Botany Department, University 

farm and the Private farm for 15 minutes. The plates were then 

incubated at 28°C.

The colonies which appeared on the plates were counted on the 4th 

day of incubation, and the species identified on the 7th day.

J. Isolation of plant- surface fungi

Fungi were isolated from the surfaces of the fruits and leaves of 

okra, pepper and tomato and from aerial leaves and scale leaves of the

bulbs of onion.For each determination, 200-250g of fruits or 10g of
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leaves were washed in 100ml of sterile distilled water. The washing was 

subsequently shaken for 30 minutes in Gallenkamp orbital- shaker at 140 

revolutions per minute and dilutions of this stock were prepared. An 

aliquot of 1.0ml of the selected dilution was put in a sterile Petri 

dish and a 20ml of cool OGYE added. The plates were incubated at 28°C 

and the fungal colonies counted and identified after 7days.

K. Isolation of soil fungi

A cork borer (_[. cm in diameter) was used in sampling the soil at 

5cm and 10 cm depths on the farm monthly. The soil samples were pooled 

together and 10g was stirred in 100 ml of sterile distilled water and 

the mixture shaken vigorously to obtain an evenly dispersed suspension. 

One milliliter aliquots of the diluents (up to 1 :105) were plated in 15 

ml of cool (40°C) molten Cooke’s medium. Three replicates were prepared 

for each sample. The plates were incubated at 28°C. Fungal colony 

counts were made after 3 days. The total colony of fungi was estimated 

as CFU g"' sample. The fungi were identified after 7 days incubation.

I. Spore germination tests

The glass slide method was used in the spore germination tests. 

The spore suspension of standard density of 106 to 10? spores per ml was 

prepared on each occasion with the respective medium. Two separate 

drops delivered with a micropipette onto a cooled flame sterilized 

slide, and the slide placed with the suspension drop slide facing 

upwards on a solid watch glass (3.7 X 3.7 X 1.6 cm) standing in the 

plastic humidity chamber with an internal atmosphere of 100% RH.

Three slides were withdrawn at 2-hour intervals and examined for 

germinating spores. Those which could not be examined immediately were
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kept in the refrigerator at 4°C after adding a drop of 5% formalin 

solution to each suspension drop to arrest germination and growth until 

observations could be made.

Percentage germination for each treatment was based on not less 

than 400 observed conidia from all the six suspension drops. The mean 

length of germ tubes of 40 germinated conidia was also determined. A 

conidium was regarded as having germinated if it showed a discernible 

germ tube.

M. Methods of sterilization

All media, distilled water and MaCartney tubes were sterilized by 

autoclaving for 20 minutes at 1.1 kg/cm3 (121 °C) steam pressure. Cotton 

wool plugs were temporarily covered with cellophane to prevent the 

penetration of any condensed water during autoclaving. Pipettes were 

wrapped in aluminium foil or cellophane; put in a canister and 

sterilized by autoclaving.

Clean glass slides and cover slips were kept in 90% ethanol and 

flame-sterilized just before use. Petri dishes and soils were 

sterilized by heating at 100°C for 12 hours in an electrically heated

oven (Townson and Merler Ltd).

Dissecting blades, cork borers and inoculating needles were 

cleaned with 90 per cent ethanol and sterilized by heating in the flame 

of a spirit lamp.

Tomato, okra and pepper fruits were surface-sterilized by

immersing the fruits for 5 minutes in a 5 per cent sodium hypochlorite

solution and then rinsing in three changes of sterile distilled water. 

The inoculation room was sterilized by spraying with 5% dettol solution 

for 10 minutes before it was used.
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N. Incubation

Incubation conditions varied with the experiments and are 

described in appropriate places in the text.

0. Measurement of light intensity

Light intensity was measured with a photometer (Cassela, 

Engl and).

P. Measurement of pH

The pH of all culture media^ filtrates and germination media 

were measured with a Glass electrode pH meter (TOA, HM 605).

Q. Moisture content determination

Moisture content of pepper (whole and flour), okra (chips and 

flour) and soil was determined using the oven-dry method. Individual 

pre-weighed Petri-dishes each containing 10 g of the sample were kept 

at 75°C in an electrically heated oven for 24 hours and then re-weighed 

after cooling in a desiccator. The loss in weight represented the 

moisture content of the sample.

R. Statistical analysis

Experimental results, where necessary, were analysed 

statistically and the results are quoted at 5 per cent level of 

signi ficance.

S. Experimental Precautions

1. Glassware were kept scrupulously clean. Glassware which 

had already been cleaned with detergents were thoroughly
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rinsed several times with tap water and in three changes of 

distilled water and allowed to drain dry before use.

2. Disks of filter paper carrying oven-dried mycelia were 

conveyed from the oven to the balance room in a closed 

desiccator to avoid absorption of moisture.

3. For each fungus, conidia of approximately the same age were 

used in all experiments.

4. The density of conidial suspension was standardized 106 to 

107 spores per ml of suspension medium, for all tests.

5. In the spore germination tests using the slide method, all 

the suspension drops of each treatment were examined and 

used in the determination of percentage germination.

6. As far as could be determined, fruits of the same age were 

used in the various experiments for each crop.

7. Soil samples collected from the farm were immediately put 

in polyethylene bags to prevent contamination.

8. In the pathogenicity experiments, except in those

investigating the effect of relative humidity, the lids of 

the plastic containers were removed for a few seconds each

morning to let off any gases which might have accumulated 

in the chambers.

9. When aqueous glycerol solution was used to maintain

relative humidities, these were thoroughly shaken on 

preparation to ensure homogenous mixtures. Stock 

preparations were kept in tightly sealed glass bottles.



EXPERIMENTAL DETAILS

A. ENVIRONMENTAL CONDITIONS DURING GROWTH OF THE VEGETABLES

Infection of plants by pathogens and the establishment of plant 

surface mycoflora are influenced by many factors. Many of the factors 

do not only affect the establishment of the fungi but also influence 

the dispersal of the propagules. Often the optimum of a particular 

factor for the different phases of colonization may be different. It 

could be different in respect of germination of propagules, growth of 

the germ tube and perhaps different in respect of colonization of the 

plant and sporulation. Thus the germination of uredospores of Puccinia 

graminis var tritici on wheat leaves requires darkness and surface 

wetness and occurs over a wide range of temperatures whereas 

penetration of the leaf requires light and a slightly higher 

temperature than is needed for germination. Infection of wheat leaves, 

therefore, was caused in the morning with incident light and rising 

temperature by uredospores which had germinated in the preceding night 

in dew droplets on the leaves (Burrage, 1970).

These environmental factors may also affect the resistance of the 

plant by influencing plant vigour. But the effect cannot be predicted 

because experiments on disease susceptibility in relation to plant 

vigour have given conflicting results. Tapke (1951), for example, 

reported a positive correlation between the two factors in barley 

attacked by the powdery mildew, Erysiphe graminis, whereas Trelease and 

Trelease (1928) found no such correlation with the same pathogen on 

wheat. Each fungus-host plant interaction must be related to the 

specific environmental conditions under which it occurs. The climatic 

conditions were, therefore, recorded throughout the two periods of
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cultivation of the four vegetables at Legon.

Record of the rainfall was provided by the Meteorological Station 

at the University Farm, while atmospheric relative humidity, air 

temperature and soil temperature were measured in the Experimental Plot 

at the Botany Department.

B GROWTH AND YIELD OF THE FOUR VEGETABLES IN THE TWO GROWING

PERIODS

The environmental conditions could be different in the two 

periods, November to February, and June to August, each year in which 

the crops were raised. The former occurred in the harmattan season and 

the latter in the rainy season. The growth and yield of the plants 

under these two extreme conditions were studied.

Plants of the three varieties of tomato were either staked or not 

staked. There were 40 plants for each treatment. The fruits were 

harvested 80 days after transplanting. The following details were 

recorded: (a) the number of leaves on a plant; (b) the total number of 

fruits on each plant and (c) the number of cracked fruits on each 

plant.

The two varieties of onions, Red Creole and Texas Grano, received 

either organic manure or a combination of inorganic fertilizer and 

organic manure. There were 250 plants for each treatment. The bulbs 

were harvested 95 days after transplanting and the number of bulbs per 

treatment was recorded.

The two varieties of okra and single pepper variety used were 

harvested 60 days after sowing the okra seeds and 45 days after 

transplanting the pepper seedlings. The number of leaves per plant,
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the number of fruits per plant and the number of pepper fruits showing 

obvious bird, damage, were recorded.

C AIRSPORA OF THE EXPERIMENTAL PLOT

The dispersal of the fungal spores by air is very well known and 

numerous investigations have been reported in the relevant literature. 

These studies have led to good understanding of fungal spore transport 

and deposition. Such information is particularly valuable in 

investigations of diseasedcrops.

Most of the fungi which grow on plants, whether as pathogens or 

as epiphytes, originate from air-borne spores. Deposition may occur by 

a number of methods, eg. impaction, sedimentation, turbulent deposition 

and electrostatic deposition (Gregory, 1950; 1951; Gregory and Stedman, 

1953). Any study of the mycoflora of a standing crop must consider as 

well the airspora from which most derive.

Close correlation, it must be pointed out, does not always occur, 

because infection in the final analysis, may be influenced by both the 

infective capacity (energy for growth) of the inoculum arriving by air 

and the environmental conditions under which it is operating. The most 

interesting problem connected with the infectivity of fungal spores is 

raised by the observation that an inoculum of more than one spore is 

almost always required to secure infection at 50 per cent of the 

inoculation sites ie ED^I . Leach (1955) and later Waistie (1962) 

found that the minimum effective dosage of conidia of Botrvtis fabae 

for infection of bean (Vicia faba L.) was three or four spores. Thus, 

there would be less infection spots than the number of spores in the 

atmosphere. Furthermore, some of the spores in the air may not be

59



6deposited at the natural infection site and would be wasted (Brooks, 

1965).

The airspora was studied at monthly intervals by trapping the 

fungi on exposed Oxytetracycline glucose yeast extract agar (OGYE) 

plates. Fungal species which appeared on the agar plates after 

incubation were identified and the frequency of occurrence of each 

species calculated.

D. FUNGAL INFECTION OF THE LEAVES OF THE PEPPER AND TOMATO

In intensive agricultural systems, there is the need for regular 

crop inspection and systematic disease surveys. In this way, the 

progress of the disease could be followed and the magnitude of possible 

losses could be more or less accurately forecast.

Disease assessment keys have been constructed for many pathogens 

and their use for particular diseases has been standardized to ensure 

that assessments may be compared (Dickinson and Lucas, 1982). Such 

assessment keys do not exist for okra, onion, pepper and tomato for the 

West African sub-region. To provide pertinent information, the 

development of leaf diseases of the four vegetables with time was 

studied over the entire period of cultivation. Disease development was 

studied by counting infected leaves and determining the infection rate, 

that is, percentage of the total number of leaves, at 10 days 

intervals. A  leaf with a discernible diseased spot was counted as 

diseased, without distinguishing between the size of the spots nor the 

causal fungi of the spot. The Infection rate was determined for each 

variety of each crop in the two growing periods.
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E. FRUCTIPLANE FUNGI OF OKRA. PEPPER AND TOMATO

Fungal diseases also take a heavy toll on fruits of crops at 

different stages of development in the field. Fruit rot is a serious 

production problem under the warm moist conditions of the tropics. In 

tomato, most of the damage occurs when fruits lying on, or near the 

soil begin to ripe (Barksdale, 1968; Batson, 1973).

As in the study of the development of the leaf diseases described 

in the previous experiment, all the fruits were examined at monthly 

intervals, counted and the number showing infection was recorded. 

Infection rate was then determined with these values, for each variety 

of each crop, in the two growth periods.

F. PHYLLOPLANE FUNGI OF OKRA, PEPPER. TOMATO AND ONION

The surfaces of the leaves and fruits would naturally 

collect the airspora recorded in Experiment C. The successful 

establishment on the surfaces, whether as saprophytes, which is the 

case in the majority of them (Last, 1955a; Sinha, 1965) or even as 

hyperparasites (McKenzie and Hudson, 1976), depends on three main 

factors namely the nature of the exudate from the plant organs (Tukey, 

1971), antibiosis among the colonizing species (Warren, 1972) and the 

prevailing climatic conditions (Gregory, 1950; Hirst and Stedman, 1963; 

Sinha, 1965). The mycoflora populations of the crops could portray 

some specificity according to the interaction of these three factors. 

Any possible specificity in fungal populations on the plants was 

investigated.

The populations of the filamentous fungi and of the yeasts were 

determined at monthly intervals during the growth periods. The species
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of filamentous fungi were also identified and the frequency of 

occurrence of each species determined.

G. SOIL AND RHIZOSPHERE FUNGAL POPULATIONS

The fungal species present in the soil and in the rhizosphere of 

the crops were also investigated. Rhizosphere populations of different 

plant species and even different varieties of the same species in the 

same area often do not contain the same species nor identical levels of 

a population of a particular microbial species (Buxton, 1957a; 

Parkinson et al., 1963; Peterson, 1958). It was expected that this 

study would, therefore, provide evidence of any possible unique 

relationship between the fungi and the different crops and the 

different varieties of a particular crop. The quality and quantity of 

the rhizosphere flora could have affected the growth of the plants 

recorded in section B.

At sampling time, non-rhizosphere soil was collected by removing 

5 cm long core of soil with a sterile No. 6 cork borer (1 cm diameter) 

from the root free region in the plot of each crop. Two batches of 

cores were removed, one to a depth of 5 cm and the other from 5-10 cm 

deep. Plugs of soil samples from the plots of each treatment were 

pooled, pulverised and thoroughly mixed and the fungal population 

estimated by the soil dilution plate method.

Rhizosphere soil for estimation of the fungal population, by the 

soil dilution plate method, was collected, without uprooting the 

plants. First the soil was carefully dug close to the plant to expose 

some of the large branch roots. The large roots were excised and 

carefully lifted to preserve as much of the branch!ets as possible. 

Excess soil was removed from the rootlets by gently shaking
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them. The closely adhering soil remaining on the roots which 

constituted the rhizosphere soil was collected by vigorous shaking of 

the rootlets in a sterile empty 100 ml Erlenmeyer flask. The 

rhizosphere soil from five plants were pooled, pulverised and 

thoroughly mixed.

In the case of the onion plants the study was only on the fungi 

inhabiting the. surface of the bulbs. There were three replicate Petri 

plates for each treatment.

H . FUNGAL CONTAMINANTS OF OKRA FRUIT CHIPS AND BOILED PEPPER FRUITS 

DURING DRYING

Harvested fruits of okra and pepper are normally sun-dried before 

storage. They consequently, become further exposed to the airspora. 

Maybe the pepper fruits which are dried whole face less danger of 

contamination than the okra fruits which are cut into pieces while 

fresh before being laid out to dry. The cut surfaces with the thick 

coating of mucilage ®ould support considerable fungal growth. The 

muci lage. (F.ould be particularly suitable to the ’sugar’ fungi. The 

fungal flora of the drying okra and pepper fruits was studied.

Freshly harvested okra fruits were divided into two lots. One 

was surface sterilized while the other was not. The fruits of the two 

batches were then cut into 2 mm thick slices.

Following the normal local practice, ripe pepper fruits were put 

into, boiling water for exactly three minutes and then drained dry. The 

chips of okra and whole pepper fruits were thinly spread out in 

separate wooden trays lined with absorbent white paper for drying. 

Half of each of the treatments, viz.. discs of surface sterilized okra
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fruits, discs of non-sterile okra fruits and boiled pepper fruits, were 

exposed uncovered in the open, while the other half was put in the 

solar drier until they attained a constant weight. Samples of the 

products were plated at the end of the drying period and the fungal 

contaminants identified.

I. MOISTURE SORPTION ISOTHERMS OF DRY PEPPER FRUITS

AND OKRA. FRUIT CHIPS AND THEIR RESPECTIVE FLOURS

Ambient equilibrium relative, humidity (ERH) is an important 

parameter when considering storage potential as it determines the 

amount of water available to micro-organisms and hence an indication of 

the biological activity of a product (Ayerst, 1965). Generally, stored 

products absorb moisture at humidities above 75 % RH and fungi develop 

on them during storage. Each produce has its own characteristic 

balance equilibrium curve between the moisture it contains and the

ambient water vapour (Darvey and Elcoate, 1965). This experiment

examined the characteristic equilibrium curve at varying ERH’s at 

constant temperature for dried pepper fruits and okra fruit chips of 

the preceding experiment and flour prepared from them. Their initial 

percentage moisture content was first determined. Aliquots of 10 g of 

each product were then put into several oven-dried and pre-weighed 

Petri dishes and placed in a series of desiccators containing 

appropriate glycerine solutions which maintained internal humidities of 

20 and 85 % RH.

Three Petri dishes were withdrawn after 2, 4, 6, 8, 14, 21, 28 

and 35 days to determine percentage moisture content of the products.
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J. FUNGAL FLORA OF DRY PEPPER FRUITS AND OKRA FRUIT 

CHIPS AND THEIR RESPECTIVE FLOURS DURING STORAGE

Having' determined the moisture isotherms of the products, it 

would be easier to interpret fungal contamination on the basis of their 

moisture content under natural atmospheric humidity conditions. Petri 

plates containing separately, the four products were kept exposed on 

the laboratory bench for 35 days. The relative humidity and 

temperature of the atmosphere of the laboratory were recorded with a 

thermohydrograph. The fungal flora of each product was estimated at 

desired intervals by the plating method. There were three replicate 

plates for each treatment.

K. IRRADIATION TREATMENT OF ONION BULBS

Apart from storage rot, sprouting of onion bulbs during storage 

is often a problem as has already been mentioned. The possibility of 

combating both problems with irradiation treatment in the varieties 

being used was examined.

Bags of 10 bulbs each of both onion varieties were treated with 

gamma irradiation from 60 Co source (Gamma cell 220) at0.05 and 0.10 Gy 

dose levels. There were two replicate bags for each treatment. The 

fungal flora of samples of the bulbs were determined immediately after 

irradiation. The irradiated bulbs were stored in humidity chambers of 

85 % RH, at 30±2 °C for 6 months after which the fungal load was 

estimated by the plating method, and the extent of sprouting recorded.

Since irradiation led to a loss of Ascorbic acid (Vitamin C) of 

plant organs in certain instances (Pamalaks et: aj_., 1958; Romani et 

al.. 1963), the ascorbic acid content of the bulbs before and after
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irradiation was also determined.

Ten grammes of bulb tissue was blended in Waring blender in 0.4% 

oxalic acid solution. The mixture was filtered using Whatman’s No. 4 

filter paper and the filtrate titrated against 0.04% 2,6- 

dichlorophenol-indophenol blue dye (Anonymous, 1963) until a faint pink 

colour that persisted for more than 15 seconds was attained. The total 

ascorbic acid content of the onion was calculated as mg per 100g 

(Pearson, 1976).

L. PATHOGENICITY OF FUNGI ISOLATED FROM TOMATO FRUITS

Since the 'skin’ of the tomato fruits does not possess any 

natural opening, the method of penetration by the fungi could be either 

by a direct penetration or through wounds.

Tests were made to establish the mode of penetration of tomato 

fruits by the following fungi which were predominant on the fruits: 

Alternaria tenuis. Aspergi1lus clavatus, Aspergi H u s  glaucus,

Aspergi1lus terreus. Cladosporium herbarum, Corynespora casi icol a, 

Curvularia lunata, Fusarium oxysporum, Helminthosporium sp., Nigrospora 

oryzae, Penici11ium citrinum, Penici11ium funiculosum, Scopulariopsis 

brevicaulis, Syncephalastrum racemosum and Trichothecium roseum.

Surface sterilized fruits were inoculated by placing inocula of 

3 mm of mycelium disc either on the surface or into shallow wounds. 

Five fruits were inoculated in each case and they were examined for 

rotting after incubation in polythene hoods for 10 days.
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M . GERMINATION OF SPORES IN EXTRACTS OF ONION BULB 

AND FRUITS OF PEPPER AND TOMATO

The airspora contains predominantly spores. The fate of spores 

landing in wounds of plants would be, therefore> crucial in the 

colonization of the plant. The suitability of the extracts of onion 

bulbs, pepper and tomato fruits as germinating medium for conidia of 

the predominant fungi was investigated. The conidia of Alternaria 

tenuis, Aspergi1lus flavus. Aspergi1lus niger, Corynespora casiicola, 

Curvularia Junata, and Fusarium oxysporum and sporangiospores of 

Syncephalastrum racemosum were incubated in different concentrations of 

the extracts for varying periods at 30+2 °C and the percentage 

germination determined.

The conidia of A. f 1 avus and A. niger were collected from the 

culture plates by touching the culture surface with a sterile 

inoculating loop and stirring the conidia in the respective extracts. 

The suspensions were shaken vigorously for five minutes to disperse the 

spores.

One centimeter discs of cultures of the remaining fungi were cut 

with a flamed No. 6 cork borer from sporulating plates. A disc was 

picked with a flamed pair of fine forceps and dipped into the test 

medium in a MaCartney tube and gently shaken to dislodge the spores. 

In this way, the spore suspensions were practically free of hyphal 

fragments.

The density of the spores were standardized to 500,000 spores per 

millilitre of suspending medium. Percentage germination was based in 

each case on a total of 200-300 spores.
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N. GROWTH OF CORYNESPORA CASIICOLA (BERK. & CURTIS) C.T.WEI 

IN NATURAL AND SEMI-SYNTHETIC MEDIA

Because Corynespora casi icol a has been reported on many crop 

plants such as Ananas comosus, Carica papaya, Hevea brasi1iensis. 

Abelmoschus esculentus. Manihot esculenta and Xanthosoma sagittifolium 

and other plant hosts in Ghana (Hughes, 1952), it was decided to carry 

out some studies on the growth of this fungus.

The growth habits of this isolate could be compared to that of

other isolates studied in other West African countries.

C. casiicola is a pathogen of a large number of plant species 

including the crops, cotton (Gossypium hirsutum) (Jones, 1961), cowpea 

(Vigna unguiculata) (Olive et a].., 1945; Wei, 1950), cucumber (Cucumis 

sativus) (Blazquez, 1972), papaya (Carica papaya) (Bird et al., 1966; 

Melendez and Pinero, 1971), sesame (Sesamum indicum) (Stone and Jones, 

1960), Soyabean (Glycine max) (Boosalis and Hamilton, 1957; Olive et 

al., 1945; Seaman et al_., 1965), tobacco (Nicotiana tobacum), (Fajola 

and Alasoadura, 1973) and tomato (Arny, 1968; Blazquez, 1972; Deighton, 

1936; Mohanty and Mohanty, 1955; Simmonds, 1958) and the weeds Aspi1ia 

africana. Calaoogonium mucunoides. Lepistemon sp. and Synedrella 

nodi flora (Onesirosan et al., 1974).

C;. casi icola was first reported on tomato in the West African 

sub-region in Sierra Leone by Deighton ( 1936^. Target leaf spot of 

tomato caused by C^ casi icola is a serious disease in Southern Nigeria, 

particularly during the dry season (Arny, 1968). There is rapid 

defoliation accompanied by development of lesions on the stems and the 

frui ts.

The first of the several experiments carried out investigated its 

growth in natural and semi-synthetic media.



The liquid media used were Cassava dextrose broth, Malt extract 

broth , Pawpaw extract broth, Potato dextrose broth, Sweet Potato 

dextrose extract broth, Yeast extract medium and V-8 broth. The media 

were dispensed in aliquot of 30 ml into 250 ml Erlenmeyer flasks and 

inoculated appropriately. There were 25 flasks of each medium. Five 

of these were withdrawn at 2-day intervals, the mycelia harvested 

separately and dried at 80°C for 24 hrs. The mean of the dry weights 

of each treatment was then calculated. After using the above listed 

media, another series was set up using extracts of the host plants. 

Corynespora casi icol a was grown in extracts of bulbs of onion and 

fruits of pepper and tomato, following the same procedure.

0. EFFECTS OF THIAMINE ON GROWTH OF C. CASIICOLA

Many fungi require an external supply of Thiamine or one of its 

two moieties, pyrimidine and thiazole (Cochrane, 1958; Hawker, 1950; 

Lilly and Barnett, 1951). Natural plant products used in mycological 

laboratories usually contain thiamine. This experiment Was carried out 

to verify whether CX casiicola could synthesize its own Thiamine needs 

or depended on external supply from the natural products of the various 

media.

A stock of basal medium was prepared and divided into seven equal 

lots. Thiamine was excluded from one of them which served as control. 

Thiamine at concentrations of 50, 100, 200, 300, 400 and 500 i_ig/l 

respectively was added to the remaining six. Since Thiamine has been 

found to be unstable when heated in an alkaline medium (Lilly and 

Barnett, 1951) an aqueous solution of the vitamin was prepared 

separately, the pH was then adjusted to pH 5 and autoclaved. This was



then added to the sterile basal medium aseptically immediately before 

inoculation. Each medium was dispensed in 30 ml aliquots into five 

250ml Erlenmeyer flasks and inoculated. The inoculated flasks were 

incubated at 30±2 °C and the mycelia were harvested after 8 days. They 

were dried at 80 °C for 24 hours and their dry weights and mean dry 

weight for each treatment determined.

P. EFFECT OF TEMPERATURE ON GROWTH OF C. CASIICOLA

Before any further investigations on the growth of Ĉ . casiicola 

were carried out, it was considered necessary to find the effects of 

two basic factors on its growth, namely, temperature and pH. The 

considerable growths recorded in the different natural and synthetic 

media at room temperature (30 ± 2°C) clearly showed that C^ casi icola 

is a mesophile. This experiment was designed to find out whether the 

temperature of incubation (30 ± 2°C) of that experiment was the optimum 

or close to the optimum for this fungus.

The range of temperature over which the majority of mesophilic 

will grow varies to some extent with the various species. The optimum 

temperature for growth is usually between 20°C and 30°C (Hawker, 1950). 

Inoculated plates of Pawpaw extract agar^Potato dextrose agar and 

Sweet potato dextrose agar and their corresponding broths, Pawpaw 

extract broth and Potato dextrose broth, were incubated at 6, 25, 27, 

30 and 35 °C. Diameters of the cultures on agar plates were measured 

and dry weights of the cultures of the broths were determined after 4, 

6, 8 and 10 days incubation. There were five replicate Petri plates 

for each agar medium treatment. Similarly, five flasks of each 

treatment were withdrawn on the days specified for the mycelial dry 

weight determinations.



Q. EFFECT OF pH ON GROWTH OF C. CASIICOLA

The effect of the pH of the medium was next investigated. Most

fungi grow best in slightly acid or neutral media, but the pH range

supporting growth altogether is in the majority wide (Hawker, 1950). 

This range can often be altered by many factors such as type of culture

media, type of buffer used and temperature of incubation. The various

experiments on growth of C^ casiicola which follow, would involve

media, naturally of varying initial pH’s. But the addition of buffer 

or other chemicals to adjust the pH might add substances which could

alter the response of the fungus especially in studies investigating

the effects of inorganic ions. A knowledge of the optimum pH for 

growth would enable a critical assessment of the effect of treatment. 

The basal medium containing 1.0 ml thiamine was prepared at double 

strength and different pH’s were obtained by mixing equal volumes of 

this and either Mcllvaine’s or Clark and Lub’s buffer solutions (Hale, 

1958). The medium was thus simultaneously brought to its normal 

concentration and the pH adjusted to the desired level. Samples of 

flasks were withdrawn after autoclaving for the measurement of the 

initial pH. There were 25, 250ml Erlenmeyer flasks for each pH level. 

The inoculated flasks were incubated at 30 ± 2 °C , which was found to 

be optimal for growth in the preceding experiment.

The mycelia of five flasks of each pH level were harvested after 

4,6, 8 and 10 days and their dry weights determined.

R. EFFECT OF LIGHT ON GROWTH OF C.CASIICOLA

Most reports on the effect of light on fungi have been concerned 

with sporulation and spore discharge rather than vegetative growth.
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Reports on the effect of light on fungal vegetative growth in the 

relevant literature are limited. Light retarded the growth in 

Sclerotinia fructiqena and Karl ingle rosea (Cochrane, 1958), 

Ceratocytis paradoxa (Olutiola and Cole, 1977) and in Aspergillus 

gjganteus (Fienia, 1974). On the other hand, light stimulated growth 

of Blastocladiella emersoni i (Cochrane, 1958). Many fungi are 

indifferent to light.

The effect of light on vegetative growth of Cj. casi icola was 

investigated so that the findings could be applied in the subsequent 

experiments. There were three light conditions. Continuous light (250 

lux) provided by white fluorescent tube, Continuous darkness by keeping 

the cultures in a dark cupboard, and, normal day/night light 

conditions. Sweet potato dextrose broth were used in three separate 

tests. The inoculated flasks were incubated at 30 ± 2°C and five in 

each set were withdrawn at 2-day intervals for the determination of the 

mycelia dry weights.

S. EFFECT OF DIFFERENT CARBON SOURCES ON GROWTH OF C. CASIICOLA

The preceding experiment established that the best growth 

occurred under normal night/day conditions. The optimum temperature of 

3& C were adopted for all the subsequent experiments.

The type of carbon source present in a medium or in a host organ 

determines directly the success in the establishment of the fungus 

because of its immense structural and functional importance. The 

carbohydrate preference of C^ cassicola was investigated using 

fructose, galactose, glucose, lactose, maltose, mannose and sucrose in 

separate media each of a concentration of 1.0 per cent in a basal
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liquid medium. Dry weights of mycelia of cultures in five flasks of 

each treatment withdrawn after 4,6,8 and 10 days incubation were 

determined.

T. EFFECT OF DIFFERENT CONCENTRATIONS OF GLUCOSE 

ON GROWTH OF C.CASIICOLA

The previous experiment showed that maltose and galactose were 

superior to glucose as a carbon source for growth of the fungus. This 

experiment was set up to find out whether glucose, which is the best 

carbon source for most fungi (Hawker, 1950), was used at a non-optimal 

concentration. Growth in C. casi icola was studied again using 

concentrations of 1.5, 2.0 and 3.0 per cent.

U. INFLUENCE OF NITROGEN SOURCES ON GROWTH OF C. CASIICOLA

Since different nitrogen sources do not support the growth of 

individual fungal species to the same extent the best nitrogen-source 

for Cj_ casi icola was next investigated. The compounds tested were 

Ammonium chloride, Ammonium nitrate, Ammonium sulphate, L-asparagine, 

L-aspartic acid, Potassium nitrate and Sodium nitrate. Each nitrogen- 

source was added to a basal medium at a concentration of 0.1 per cent 

of nitrogen. Five Erlenmeyer flasks of the growing cultures incubated 

at 30 ± 2°C were withdrawn at 2-day intervals over a period of 10 days 

for mycelial dry weight determinations.
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V. INFLUENCE OF INORGANIC IONS ON GROWTH OF C.CASIICOLA

It is well known that inorganic ions are also important for the 

growth of fungi. The optimum concentration of each inorganic ion for 

different fungus species is not the same. This experiment was carried 

out to define the best concentration of the major inorganic ions for 

the growth of Cj_ casi icola. The elements studied were calcium, 

magnesium, phosphorous, potassium and sulphur. The following changes 

were made in the composition of the basic culture medium to eliminate 

a particular element as indicated below, in the control medium:

i Calcium: CaClj.ZHjO was omitted

ii Magnesium: NaS04 replaced MgSO^.7H;0

iii Phosphorous:KjSOj replaced KH-PO^ and FeSO^.7^0 replaced

FeP0(. 2HjO

iv Potassium: NaH2P04 replaced KHjPO^

v Sulphur: MgClj, CuClj.ZH^O and CHjCOOZn replaced

MgS04.7H20, CuSOj.SHjO and ZnS04.7Hj0, respectively. 

The various elements were used at three different concentrations. The 

liquid media were inoculated and incubated at 30 ± 2°C for 10 days. 

Five flasks of each treatment were withdrawn at 2-day intervals, the 

mycelia were harvested and their dry weights determined.



RESULTS

A. CLIMATIC CONDITIONS AT LEGON DURING CULTIVATION OF THE CROPS

There were two growing periods with contrasting climatic 

conditions in some aspects as shown in Figs. 5,6 and 7. There was only 

slight rain in the dry season, in the first crop growing period of 

November, 1988 to February, 1989 while it rained every month in the 

second crop growing period of May to August, 1989, during the rainy 

season (Fig. 5), The rains began in March, 1989 and reached a peak in 

June, 1989.

The mean monthly maximum and minimum atmospheric temperatures are 

also recorded in Fig. 5. Generally, the drier months, November 1988 to 

March 1989, had higher temperatures than the wetter months of May to 

September, 1989.

There was also a night and day temperature fluctuation. There 

were lower temperatures at dusk and early morning as the records 

obtained in 1989 or January 26 and 27, February 26 and 27, June 21 and 

22 and July 28 and 29, and higher temperatures at day time (Figs 6 and 

7). It was detected that the pattern of soil temperatures followed 

quite closely that of the atmospheric temperature, with the time of 

peak of soil temperature lagging slightly behind that of the 

atmospheric temperature. At daytime, between 8.00 a.m and 5.00 p.m, 

the temperature of the soil was lower than that of the air above the 

soil, but higher at dusk, 5.00-9.00 p.m. and early morning from 6.00 to

8.00 a.m.

The atmospheric relative humidity on these days showed an inverse 

relationship with temperature. The humidities were high, between 80 

and 100%R.H. in the night and were below 50%R.H. around mid-day in 

January and February, 1989 (Fig.6) and about 70% RH in June and July, 

1989 (Fig.7).
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1988 1988 MONTHS

Fig.5 Monthly temperatures and rainfall for the months of
November and December, 1988, and January to December, 
1989 for Legon.

(Data for histograms and graphs are presented in 
Appendix A ) .
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Fig. 6 Atmospheric temperatures, relative humidities and soil temperatures 
of Legon Experimental Plot recorded on selected days in January and 
February, 1989 in the dry season.
(Data for graphs are presented in Appendix B)
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Fig.7 Atmospheric tempe^tures, relative humidities and soil tempera
tures of Legon Experimental Plot recorded on selected days in 
June and July, 1989 in the rainy season.
(Data for graphs are presented in Appendix C).
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B . GROWTH AND Y IELD  OF THE FOUR VEGETABLES IN  THE TWO GROWING PERIODS

The yield and loss of the produce through rotting, bird damage or 

rotting-in the dry and rainy seasons are presented in Tables 5 and 6.

The results clearly indicated that the total yields of the three 

tomato varieties in the dry season (Nov. 1988 - Feb. 1989) were about 

three times those of plants grown in the rainy season from June to 

August, 1989 (Table 5). The Wosowoso variety had the highest yield 

followed by Roma and Heinz in that order for both seasons.

There is no significant difference between the yield of tomato 

plants that were staked and those that were left prostrate during both 

seasons.

Cracking of the fruits was associated with varieties and seasons. 

Wosowoso fruits were most prone and Heinz fruits were least prone to 

cracking. In Wosowoso where the percentage of fruits which cracked was 

high, it was much severer in the dry season than in the rainy season. 

On the other hand Wosowoso was less affected by rotting than any of the 

other two varieties. In fact, during the season there were no rotted 

fruits therefore more than 600 fruits were harvested.

Observations on the three other crops are shown in Table 6. The 

two onion varieties were given either cow dung or Sulphate of ammonia 

treatments as recommended by Sinnadurai (1970).

The results showed that onion varieties, Red Creole and Texas 

Grano, cultivated in the dry season generally produced more bulbs than 

those grown in the rainy season. There was no significant difference 

between total yield of onions of the two varieties cultivated in the 

rainy season in soil amended with organic manure only and those in the 

soil amended with
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TABLE 5: Yield of tomato plants grown in the dry and rainy seasons

Time of Tomato Treatment Total No %(l<ass)
Planting variety of fruits 

produced by 
40 plants

Cracked Ro 11 ed

Nov. 1988- 
Feb. 1989

Heinz Staked
Unstaked

235
239

11.9
11.3

3.4
9.2

Roma Staked
Unstaked

352
287

1 .1 
1.4

7.7
11.1

Wosowoso Staked
Unstaked

680
634

29.6
36.3

0.0
0.0

June-
August Heinz Staked 42 0.0 4.8
1989 Unstaked 34 70.6 20.6

Roma Staked 112 1.8 5.4
Unstaked 100 0.0 13.0

Wosowoso Staked 251 15.5 6.0
Unstaked 207 11.6 3.4



TABLE: 6 Yield of okra, onion and pepper plants grown in the dry and rainy tnoaraonra

2\

Time of 
Planting

Plant and 
Variety

Ferti1i zer 
Treatment

ISiAj !.)<?.....off
bulbs fruila
produced producod
by 200 by 40
plants plants

Bird notl'Bd
D«mnfje<

llov. 1988- 
Feb. 1898 Clemson 

spi neless

Onion 
Red Creole Cowdung

Cowdung + Sulphate
of Ammonia

138
108

Texas Grano Cowdung
Cowdung + Sulphate 

of Ammoni;

June - 
August 
1989 Clemson 

spineless

Red Creole Cowdung 117
Cowdung-f-Sulphate 121

of Ammonia

2,6
2,5

Texas Grano Cowdung
Cowdung+3u1pbate 

of Ammonia

1 0.A 
3,0

Peppei 3394



organic manure and inorganic fertilizer. In the dry season, the 

mixture of cowdung and Sulphate of ammonia fertilizer, however, greatly 

improved the yield of the Texas Grano variety.

Rotted bulbs were not found in the dry season. Rotting at a low 

level, was however, observed in all treatments in the rainy season.

Taking all the treatments together, in the rainy season, Texas 

Grano produced more bulbs while in the dry season it produced few 

bulbs.

For both varieties of okra, yield was significantly higher in the 

rainy season than in the dry season (Table 6). Clemson spineless was 

also more productive than the Local variety. There was no incidence of 

rot in fruits of both varieties.

Pepper plants yielded more fruits in the rainy season than in the 

dry season (Table 6). There was, however, significantly higher 

percentage rot in the rainy season than in the dry season. The fruits 

greatly attracted birds in the dry season and 69.4 per cent of the 

fruits was fed on b y  birds, compared to only 2.8 per cent in the rainy 

season.

The plants showed greater vegetative growth in the rainy season 

than in the dry season. Table 7 show the general observations made. 

The number of leaves on the local variety of okra, pepper and Wosowoso 

variety of tomato was counted at 20-day intervals after they had been 

transplanted. The mean number of leaves present by the 120^ day on the 

okra, pepper and tomato plants in the dry season was approximately 33, 

40 and 80 per cent respectively, of the number produced in the rainy 

season.

8 3



TABLE: 7 Growth assessed as number of leaves, of okra, onion and tomato plants 

grown in the dry and rainy seasons

Time of 
planting

Days after 
transplanting

Mean No 
nearest

. of leaves per 
whole number)

plant (to the

Okra Pepper 
(Local)

Tomato 
(W o s o w o s o )

Nov. 19SS - 

Feb. 19S9

20 5 12 11

40 7 25 28

60 13 216 39

80 17 4S4 57

100 19 S43 76

J 20 22 721 79

June-Aug. 19S9 20 6 15 13

40 12 35 33

60 17 241 51

80 24 S42 73

100 29 1,226 90

120 36 1,741 103



C. AIRSPORA OF THE EXPERIMENTAL AREAS

Record of airspora for the Experimental Plot, University farm and 

the Private farm for each month from January, 1989 to December, 1990 

are presented in Fig. 8. It was natural to expect variation in levels 

of the airspora populations. It was surprising however, that the 

patterns were quite different. There was a single prominent peak at 

the Experimental plot in January and February 1989, three peaks in 

January 1989 and February and April in 1990 in the University Farm and 

at the Private farm in June, 1990. The highest populations recorded at 

all the sampling times were very different. These were 396, 287 and 

151 CFU ml’’ respectively, at the Experimental plot. University farm and 

the Private farm.

Similarly, the total number of species at each sampling time 

recorded at the three stations did not synchronise. While the species 

were most abundant in June-August and October-December in 1989 and 

Nd'vember-December in 1990 at the University farm, there was on the 

other hand just a single peak at the Private farm in August, 1989. 

Peaks were in February to April and in December in 1989 and in January 

to March, and in June and July, 1990 at the Experimental Plot.

The airsDora of the University farm and the Private farm 

contained between three and twelve fungal species at any sampling time 

compared to between six and seventeen species at the Experimental Plot. 

The number of species at the different sampling times did not show any 

recognisable relationship with the total number of colonies which 

developed on the plates.

The oredominant fungal species at the ExDerimental plot were 

Cladosporium herbarum and Fusarium oxysporum. Thev were followed in
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1989 1990 1989 1990 1989 1990

Fig.8 Total Fungal Populations and Total Number of Fungal Species of 
the atmospheres of the Experimental Plot, University Farm and 
Private Farm trapped monthly from January 1989 and December 
1990 on PDA plates.



abundance by Alternaria alternata. Aspergi1lus flavus, Aspergi1lus 

ochraceus, Aspergi1lus niger, Aspergi H u s  terreus, Corynespora 

casi icola, Curvularia lunata, Fusarium sp., Helmi nthospori um sp., 

Neurospora si tophi la, Nigrospora sp., Penici11ium cyclopium, Rhizopus 

sp., Sterile mycelium, Trichoderma viride and Yeast spp. These were 

also more or less the most abundant species of the airspora at the two 

other stations. The percentage frequencies of these species and some 

of lesser frequencies at the three stations are presented in Table 8. 

The rest of the fungal species occurred tardily showing no relation at 

all to seasons of the year. Their occurrence would, therefore, be 

considered totally random and unpredictable. The percentage frequency 

of any of these species at any sampling time encountered was less than

2.0 per cent. These species with the number of months out of the total 

of 24 in which they were found are shown in Table 9.
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TABLE 9: Fungal species occurring only occasionally and at frequency of less than 2.0
per cent on PDA trapping plants from atmospheres of the Experimental Plpt, 
University Farm and Private Farm from January 1989 to December 1990.

fineries SDecies isolated in indicated months in 1989-1990 at
Experimental
Plot

University
farm

Private
farm

Aspersillus effusus 4 1 3
AsDemllus fumigatus 6 1 0
Asnereillus sulphureus 1 0 0
Cephalosporium acremonium 1 1 0
Cuninehamella eleeans 1 0 0
Drechslera sp. 1 2 0
Fusarium heterosDorium 2 0 1
Gilmaniella sp. 1 0 0
Paecilomvces varioti 0 2 3
Penicillium camemberti series 0 1 0
Penicillium sp. 4 0 0
Pithomvces sp. 0 1 0
Pullularia pullulans 4 0 1
Scopulariopsis sp. 1 0 1
Stachvbotrvs sp. 0 1 0
Stemphvlinm sp 0 1 0
Svncenhalastrum racemosum 2 1 3
Svnnematnm sp. 3 0 0
Trichothecinm roseum 1 0 0



D . FUNGAL INFECTION OF THE LEAVES OF PEPPER AND TOMATO PLANTS

The percentages of leaves of pepper and tomato plants showing

fungal infections determined at 10 day intervals during the dry and

rainy seasons were used to draw the Disease Incidence Curves presented 

in Figs. 9 and 10. Leaf infections of both vegetables occurred in both 

seasons. The graphs depicted typical disease sigmoid curves.

In the dry season, 100 per cent infection was recorded eventually

on all the tomato varieties and on both unstaked and upright plants.

However, rate of development of leaf infections was more rapid in 

unstaked plants of all the three tomato varieties (Fig. 9) than the 

staked plants. In all tomato varieties, disease development was slow 

from November 30 to December 20, 1988. This phase was then followed by 

a logarithmic phase from December 20, 1988 to January 2^, 1989.

In the rainy season, the initial stage of slow disease 

development was not obvious. Infection in this season also proceeded 

more slowly in the staked plants than in the unstaked ones. It was 

slowest in the Wosowoso staked plants which showed 95.7 per cent 

infection on September 13, 1989, compared to 100 per cent infection in 

the rest. The tomato Diants suffered principally from Cercospora leaf 

spot.

The pepper plants were heavily infected by the powdery mildew, 

Leveillula taurica. Fig. 10 showed that powdery mildew development at 

the logarithmic phase was more rapid in dry season than in the rainy 

season. Furthermore, a higher percentage infection (97.6 per cent) 

occurred in the dry season than in the rainy season (71.7 per cent).
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Nov Dec. Jan. Feb.
1988 1988 1989 1989

June July Aug. Sept.
Day Of Assessment

H e in z -S ta k e d  - e — H e in z - P r o s t r a te  - ± -  R o m a - S ta k e d

R o m a - P r o s t r a te  W o s o w o s o - S ta k e d  W o s o w o s o - P r o s t r a te

Fig.9 Disease incidence curve of leaves of Tomato varieties growing
during the dry season and rainy season at the Experimental Plot. 
(Graphs based on data in Appendices F and G.)
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Fig. 10 Disease Incidence Curve of leaves of Pepper growing during 
the dry season and rainy season at the Experimental Plot. 
(Graphs based on data in Appendix H)
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E. FRUCTIPLANE RJNGI OF OKRA .PEPPER AND TOMATO

Comprehensive lists of fungi isolated from the surfaces of the 

fruits of okra, pepper and tomato plants grown at the three locations, 

Experimental Plot, University Farm, Private Farm and in the dry season 

(November, 1988 to February, 1989) and in the rainy season (June to 

September, 1989) are presented in Tables 10,11,12a,12b,13,14,15a,15b, 

16,17,18a,18b,19, and 20. In the case of pepper and tomato fruits, the 

mycoflora of the epicarp was distinguished from that of the calyx.

Many fungal species were isolated from the surface of each fruit. 

However, a considerable number of them could be described as of 

occasional occurrence. These were of very low frequency on the 

occasions they were found, usually less than 2.0 per cent, and could be 

considered as a minor component of the flora. Generally, the largest 

number in this category occurred on the fruits at the Experimental 

Plot, and were in greater number in the rainy season than in the dry 

season, and on the epicarp than on the calyx (Tables 11,13,14,16,17,19 

and 20). Species of Aspergi1Tus and Penici11ium occurred on all the 

three fruits. Species of Chaetomium, Helminthosporium, Mucor, and 

Paecilomyces were common to okra and tomato fruits while species of 

Fusarium and Syncephalastrum occurred on okra and pepper.

Tables 10,12a,12b,15a,15b,18a and 18b indicate the major species 

which occurred at higher frequencies and more often on the okra, pepper 

and tomato fruits and could be considered as important contaminants. 

The type of fruit had an effect on the contaminant population, and 

frequencies of the species were related to the weather conditions.

The dominant species on the okra fruits were Aspergi11 us niger,
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TABLE 10: Fungai species on surface of fruits of the Local variety of okra plants growing in the dry season (Noveober 1988 - February 1989) and in the rainy season (June -Septeaber 1989) at three- 
different localities at Legon and Madina

Plot/Para Date of  Percentage Frequency

Assessaent
(1989)

Alternaria Aspergillus

ochraceus

Aspergillus CladosDoriua CorvnesDora Fusarium Mycelia
steriiia

IteurosDora Rhizouus

speciesalternata niger herbarucQ cassicoia OXVSDOrUB crassa

Bxperiaental Jan 3 23 0 0 0 0 0 70 0 0

Plot Jan 18 0 0 68 0 0 15 10 4 0

Feb 6 24 0 0 0 0 48 22 5 0

University Jan 3 19 0 0 0 0 4 41 0 0

Fare Jan 18 0 0 0 0 0 65 36 0 0

Feb 6 7 0 0 0 0 65 28 0 0

Private Jan 3 0 0 0 47 0 53 0 0 0

Fars Jan 18 7 0 0 30 10 20 14 0 6

Feb 6 0 0 0 0 0 31 33 18 18

Experimental Jul 5 0 10 0 0 0 57 24 0 0

Plot Jul 14 0 10 0 52 0 31 0 0 0

Jul 27 0 0 10 0 11 40 0 0 10

Aug 14 0 0 12 19 0 29 14 0 6

Sept 3 0 0 13 0 14 67 0 0 6

University Jul 5 0 0 0 51 0 48 0 0 0

Faro Jul 14 0 0 0 36 0 23 39 0 0

Jul 27 0 11 18 17 0 38 18 0 14

Aug 14 0 0 13 20 0 31 19 0 9

Sept 3 0 0 21 14 0 27 26 0 8

Private Jul 5 0 15 0 54 0 30 0 0 0

Fara Jul 14 0 0 24 34 0 18 24 0 0

Jul 27 0 0 0 22 12 33 0 0 15

Aug 14 0 0 13 20 0 29 0 23 5

Sept 3 0 0 14 14 10 23 17 0 5



TABLE 11: Fungal species which occurred only occasionally and at very low

frequencies of less than 2.0 per cent on the surface of fruits of 

the Local variety of okra during both the dry season, January and 

February, 1989, and the rainy season, June to September, 1989.
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Fungal species
Number of occasions the species was isolated at the
Experimental
Plot

University

Farm
Private
Farm

Aspergillus flavus 1 r* lr lr

Aspergillus nidulans lr 0 0

Aspergillus terreus lr 0 Id

Chaetomium globosum lr 0 lr

Drechslera sp. 0 0 2dr

Fusarium s p . 0 0 lr

Geotrichum s p . lr lr 0

Helminthosporium sp. 2d 0 lr

Mucor sp. lr 0 Ir

Mvcosphaerella sp. 2r 0 0

Nigrospora orvzae lr 0 2r

Paeciliomvces s p . 2r lr 0

Penicillium cvclopium 2r 0 0

Svncephalastrum racemosum Id 0 0

* d: dry season; r: rainy season
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TABLE: 13 Fungal species which occurred only occasionally and at very low 

frequencies of less than 2.0 per cent on the surface of the epicarp of 

fruits of pepper during both the dry season, January and February, 1989, 

and the rain}' season, June to September, 1989.

Number of occasions the species was isolated at the 

Fungal species Experimental University Private

Plot Farm Farm

Alternaria alternata 0 0 lr

Aspergillus effusus 0 2r 0

Aspergillus fumisatus 0 2r 0

Aspergillus ochraceus 2r 0 0

Kusarium sp. 2dr lr Id

Penicillium cvclopium 2r 0 0

Svncepha last rum racemosum 2r 0 0

Tnchoderma viride Ir 0 0

* d: dry season; r: rainy season
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TABLE 1A : Fungal species which occurred only occasionally and at very low

frequencies ol less than 2.0 per cent on the surface of the calyx ot 

truits ot pepper during both the dry season, January and February, 

1989 and the rainy season, June to September 1989.

Number of occasions the species was isolated at the 
Fungal species Experimental University

Private
Plot Farm Farm

Aspereillus ochraceus 2dr 0 u

Bvssochlamvs so. lr 0 0

Fusarium so. 2d Id 0

Penicillium citrinum lr 0 u

Svnceohalastrum racemosum lr 0 0

Trichoderma viride lr 0 0

* d: dry season; r: rainy season
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species
Mucor
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Rhizopas
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4 0 0 45
.4 0 5 0
14 0 0 0

0 0 0 0
0 0 54 0
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1 0 29 31
3 0 14 7
0 0 60 0

0 0 0 0
0 1 6 0
9 0 2 0
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TABLE 16: Fungal species which occurred only occasionally and at very low frequencies of 
less than 2.0 per cent on the surface of the epicarp of fruits of Wosowoso variety of 
Tomato during both the dry season, January and February, 1989 and the rainy season, 
June to September, 1989.

Number of occasions the species was isolated at the 
Fungal species Experimental University Private

Plot Farm Farm
Aspergillus clavatus lr 2r 0
Asnergillus fumigatus 0 2r 0
Aspergillus ochraceus 1 2 0
AsDergillus terreus 2r 0 0
Nigrosnora orvzae 0 l r 0
Oidiodendron sn. lr 2dr 0
Paecilomvces sp. 0 Id 0
Penicillium citrinum 2r 0 0
Penicillilum cvclopium 2r 0 0
Penicillium funiculosum 0 lr 0
Pullularia pullulans 3d 0 0
Sclerotinm rolfsii 0 l r 0

Scopulariopsis brevicaulis 0 lr 0

*d: dry season; r: rainy season



TABLE 17: Fungal species which occurn&d only occasionally and at very low

frequencies of less than 2.0 per cent on the surface of the calyx of 

fruits of Wosowoso variety of Tomato during both the dry season, 

January and February, 1989 and the rainy season, June to September, 

1989.
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Number of occasions the species was isolated at the
Fungal species Experimental

Plot
University
Farm

Private
Farm

Aspergillus ochraceus lr* 0 0

Aspergillus terreus lr 0 0

Corvnespora casiicola lr 0 0

Helminthosporium sp. lr 0 0

Nigrospora orvzae 2r lr 0

* r: rainy season
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TABLE 19: Fungal species which occurred only occasionally and at very low

frequencies of less than 2.0 per cent on the surface of the epicarp 

of fruits of different tomato varieties during both the dry season, 

January and February, 1989, and the rainy season, June to September, 

1989.

Number of occasions the species was isolated from the 
Fungal species Heinz Roma Wosowoso

variety variety variety
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Acrospeira s p . 1 0 0

Alternaria alternata 2d* 0 2dr

Aspergillus clavatus 0 0 lr

Cephalosporium sp. lr 0 0

Chaetomium globosum lr 2r 0

Oidiodendron sp. 0 0 lr

Paeci1iomvces sp. Id 0 0

Penicillium citrinum lr 0 2r

Penicillium funiculosum 0 lr 0

Mucor sp. 2r 0 0

Sporobol'omvces s p . 2r 2r 0

* d: dry season; r: rainy season



TABLE 20: Fungal species which occurred only occasionally and at very low

frequencies of less than 2.0 per cent on the surface of the calyx of 

fruits of different tomato varieties during both the dry season, 

January and February, 1989, and the rainy season, June to September, 

1989.

Number of occasions the species was isolated from the
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Fungal species Heinz Roma Wosowoso
variety variety variety

Aspergi1lus ochraceus lr* 0 lr

Corvnespora casiicola 0 0 lr

Helminthosporium sp. 0 0 lr



Cladosporium herbarum and Fusarium oxysporum. There were also 

unusually large numbers of Sterile mycelia. The three dominant species 

were all more abundant in the rainy season than in the dry season 

(Table 10). While F̂ _ oxysporum was present at practically the same 

level at all the three locations, a greater number of isolates of 

niger and C^ herbarum was obtained on fruits at the University Farm and 

Private Farm.

During the rainy season, Aspergillus f1avus , Cladosporium 

herbarum and Rhizopus species occurred in large numbers on both the 

epicarp and calyx of pepper fruits. Yeasts occurred at high 

frequencies on the calyx of the fruits at the Experimental Plot and 

University Farm (Table 12b). Apart from C^ herbarum which occurred at 

high frequencies at all the three localities in the dry season, and on 

both the epicarp and calyx, the percentage frequencies of the remaining 

species were low and their presence was inconsistent (Table 12a).

When the surface fungq( flora of the fruits of the Wosowoso 

variety of tomato was studied, far more isolates were obtained in the 

rainy season than in the dry season (Table 15a and 15b). The dominant 

species were Aspergi1lus niger. Cladosporium herbarum. Fusarium 

oxysporum. Geotrichum sp., Rhizopus species and Yeasts. From the 

evidence provided by A;, f1avus. niger. Geotrichum sp. and Rhiz o p u s

species, the epicarp surface was a better microhabitat for the fungi 

than the calyx surface. The Yeasts, however, established equally well 

on the epicarp and the calyx. Many species occurred at uniform 

frequencies at the three localities, but A. niger was more abundant at 

the University Farm and the Private Farm than at the Experimental Plot, 

both in the dry and rainy seasons.

When the fungal flora of the three tomato varieties were
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compared, it was found that Ĉ . herbarum and F\ oxvsporum occurred in 

large numbers on fruits of all three, both in the dry and rainy seasons 

(Table 18a and 18b). Geotrichum sp. and Yeasts occurred in greatest 

numbers on fruits of the Wosowoso variety, while f1avus. niger, 

A. terreus, and Rhizopus species occurred at greater frequencies in the 

rainy season on fruits of the Heinz and Roma varieties than on fruits 

of the Wosowoso variety.
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F. PHYLLOPLANE FUNGI OF OKRA, PEPPER. TOMATO AND ONION

The results in Tables 21 and 22 showed that practically the 

same dominant fungal species occurred on leaves of okra plants in the 

dry and rainy seasons. Significantly high numbers of colonies of 

Cladosporium herbarum. Fusarium oxysporum and Mycelia sterilia were 

recorded in both the dry and rainy seasons at all the three localities.

Some species were completely absent at some of the localities 

during either dry or rainy season. This occurred mostly in the dry 

season (Table 21). During this season, Alternaria alternata. 

Aspergi1lus flavus, Aspergi1lus terreus. Fusarium sp. Helminthosporium 

sp., Penici 11 ium eye lop ium and Rhi zopus sp. were not encountered on the 

leaves at the Experimental Farm, while only Helminthosporium sp., P. 

eyelopium and Rhi zopus sp. were absent on plants at the University 

Farms, and A. alternata. Aspergi H u s  niger and A. terreus at the 

Private Farm. In contrast only Fusarium sp. was absent on plants at 

the Experimental Plot during the rain'y season (Table 22). Evidently, 

on the whole, more colonies were recorded in the rainy season than in 

the dry season.

Eight filamentous species and Yeasts occurred sparsely during the 

investigation (Table 23). They occurred practically evenly in the dry 

and rainy seasons as shown in the table of results. They also occurred 

randomly in either season at the three localities.

Practically the same major species characterised the phylloplane 

mycoflora of onion, pepper and tomato as recorded in TableS24, 26, 27, 

29 and 30, but they, naturally, did not occur at the same frequencies. 

Two notable examples were the high frequencies of colonies of 

CladosDorium herbarum and Fusarium oxysporum on leaves of pepper 

(Tables 26, and 27)
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T a b l e  23: F u n g a l  s p e c i e s  w h i c h  o c c u r r e d  o n l y  o c c a s i o n a l l y  a n d
a t  v e r y  l o w  f r e q u e n c i e s  o f  l e s s  t h a n  2 . 0  p e r  c e n t  o n  
t h e  s u r f a c e  o f  l e a v e s  o f  t h e  L o c a l  v a r i e t y  o f  o k r a  
d u r i n g  b o t h  t h e  d r y  s e a s o n ,  J a n u a r y  a n d  F e b r u a r y ,  

1 9 8 9 ,  a n d  t h e  r a i n y  s e a s o n ,  J u n e  t o  S e p t e m b e r ,  1 9 8 9 .

N o. o f  o c c a s i o n s s p e c i e s  w a s  i s o l a t e d  a t  t h e

E x p e r i m e n t a l
P l o t

U n i v e r s i t y

F a r m

P r i v a t e
F a r m

A s o e r a i l l u s  a l a u c u s 3 d r * lr Id

B o t r v t i s  c i n e r e a I r I r 0

B v s s o c h l a m v s  f u l v a lr ir 0

D r e c h s l e r a  so. 0 2r I d

G e o t r i c h u m  c a n d i d u m 0 2r 0

P a e c i l o m v c e s  sp. 2 r I d 0

P e n i c i l l i u m .  s p . Id id Ir

s t e m p h v l i u m  s p . 2d I d 0

Y e a s t  spp. 2r Id 0

*d: d r y  s e a s o n r r a i n y  s e a s o n



TABLR 24: Phylloplane fungal species of the Red Creole, on i m p l a n t s  growing in the dry season (Hov., 1988 - Feb,, 19891 
(June-September, 1989 ) at the Bxperiaenta1 Plot^Jniversity Farm, legon

Plot/Faria

Date of 
Assessment Percentage Frequency

(1989) Alternaria Aspergillus 
alternata niger

Cladosporium Curvularia Fusariua 

herbarui lunata oxysporum

Fusariun

sp,

Hycelia

sterilia

Penici11iue Rhizopus 

cvclopiuu sp,

Exper isenta 1

riot Jan., 10 0 54 7 0 12 0 27 0 0
” 2 4 0 52 14 0 10 0 25 0 0

Feb., 7 4 70 11 0 15 0 0 0 0
" 21 0 82 14 0 0 0 0 0 0
“ 28 0 80 20 0 0 0 0 0 0

Oniversi ty

Farm Jan., 10 0 64 9 0 23 0 14 0 0

Feb,.

24 0
0

71
50

9
4

0
2

11
10

0
0

9
10

0 0 
1 2

" 21 1 58 9 1 14 0 13 4 0

28 0 63 8 0 6 0 16 4 0

EmrLsental
Plot June JO 0 6 10 0 19 10 0 0 19

July (4 0 . 40 18 0 12 0 11 4 9n 28 0 37 19 0 10 2 14 0 17

Aug,, II 7 65 8 1 0 9 0 0 5

,,25 4 76 12 1 0 0 0 0 0

Uni versi t?
Fan June 10 0 74 2 0 12 0 13 0 0

July '4 0 82 6 0 13 0 0 0 0

IS 5 70 5 2 10 0 3 0 5

Aug. II 0 78 6 0 8 1 0 0 3

25 0 65 10 0 15 0 5 0 4
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T a b l e  25: F u n g a l  s p e c i e s  w h i c h  o c c u r r e d  o n l y  o c c a s i o n a l l y  a n d

a t  v e r y  l o w  f r e q u e n c i e s  o f  l e s s  t h a n  2 . 0  p e r  c e n t  o n  

t h e  s u r f a c e  o f  l e a v e s  o f  R e d  C r e o l e  o n i o n  d u r i n g  b o t h  
t h e  d r y  s e a s o n ,  J a n u a r y  a n d  F e b r u a r y ,  1 9 8 9 ,  a n d  t h e  

r a i n y  s e a s o n ,  J u n e  t o  S e p t e m b e r ,  1 9 8 9 .

No. of occasions species was isolated at the
Fungal species --------------------------------------------------------

Experimental University
Plot Farm

Asperaillus flavus lr lr

corvnesoora casiicola 2r 0

Niarosoora orvzae lr Id

svncephalastrum 
racemosum 2r lr

Trichoderma viride 2r lr

*d: dry season r: rainy season
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T a b l e  28: F u n g a l  s p e c i e s  w h i c h  o c c u r r e d  o n l y  o c c a s i o n a l l y  a n d
a t  v e r y  l o w  f r e q u e n c i e s  o f  l e s s  t h a n  2 . 0  p e r  c e n t  o n  

t h e  s u r f a c e  o f  l e a v e s  o f  p e p p e r  d u r i n g  t h e  r a i n y  
s e a s o n  J u n e  t o  S e p t e m b e r ,  19 8 9 .

No. of occasions species was isolated at the
Fungal species --------------------------------------------------------

Experimental University Private
Plot Farm Farm

chaetomium alobosum 2 0 0

HelminthosDorium s d . 1 1 1

Paecilomvces so. 1 1 1

stemphvlium s p . 1 1 1

Trichoderma viride 1 0 0



and tomato (Tables 29 and 30) compared with their low frequencies on 

onion leaves (Table 24) from which exceptionally high Aspergi 1 lus niger 

colonies were isolated.

Onion was grown on the Experimental Plot and University Farm only 

as shown in Table 24. A. niger colonies were far greater than those of 

the other dominant species, C. herbarum and F. oxysporum in both 

seasons. Out of the eight dominant species, a number of species 

occurred at low frequencies at both localities. These were Alternaria 

alternata. Curvularia lunata, other Fusarium species, Penici11ium 

eye lop ium and Rhi zopus sp. in the dry season, and A, al ternata. C. 

lunata. other Fusarium species and P. cyclopium in the rainy season. 

Fungal species which occurred only occasionally and presented in Table 

25 were only five in number, and they were isolated mostly in the rainy 

season.

The data recorded for studies on the leaves of pepper are shown 

in Tables 26, 27 and 28. Besides Mycelia sterilia, 12 fungal species 

were isolated. The dominant species in the dry season, taking all the 

three localities together, were C. herbarum. C. lunata and F. 

oxysporum. In the rainy season A. niger. C. herbarum and F. oxysporum 

constituted the dominant species. Many species including A. niger. 

Aspergi1lus ochraceus, Aspergi1lus terreus. P. cyclopium. Rhiz o p u s  sp. 

and Syncephalastrum racemosum were not obtained from the leaf surfaces 

at the Experimental Plot during the dry season (Table 26). In the 

rainy season only A. al ternata and C. lunata were absent. On the 

whole, therefore, leaves of plants of the University Farm and the 

Private Farm, carried more fungal propagules than those of plants of 

the Experimental Plot. As in the case of onion, the occasional species 

were only five in number but in this case, all the species were
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recorded in the rainy season.

Fourteen fungal species listed in Tables 29 and 30 as major 

species,- were obtained from the surfaces of the leaves of the Wosowoso 

variety of tomato plants. There were many members of Sterilia mycelia. 

The dominant species of the dry season were C. herbarum and F. 

oxvsporum (Table 29) and those of the rainy season were A. niger, C. 

herbarum, C. lunata, F. oxvsporum and P. eyelopium (Table 30). 

Furthermore, A. f1avus, A. niger, Corynespora casiicola, C. lunata and 

Nigrospora oryzae colonies in the dry season were far less than the 

corresponding values recorded in the rainy season. On the other hand, 

many more members of Mycelia sterilia were encountered in the dry 

season than in the rainy season.

There were occasional species (Table 31). These 

were Yeast species and nine filamentous species with a greater 

proportion found in the rainy season.

12.1
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T a b l e  3 1  : F u n g a l  s p e c i e s  w h i c h  o c c u r r e d  o n l y  o c c a s i o n a l l y  a n d

at  v e r y  l o w  f r e q u e n c i e s  o f  l e s s  t h a n  2 . 0  p e r  c e n t  o n  

t h e  s u r f a c e  o f  l e a v e s  o f  t h e  W o s o w o s o  v a r i e t y  o f  
t o m a t o  p l a n t s  d u r i n g  b o t h  t h e  d r y  s e a s o n ,  J a n u a r y  a n d  
F e b r u a r y ,  1 9 8 9 ,  a n d  t h e  r a i n y  s e a s o n ,  J u n e  t o  
S e p t e m b e r ,  1 9 8 9 .

NO ., o f  o c c a s i o n s s p e c i e s  w a s  i s o l a t e d  a t  t h e

E x p e r i m e n t a l
P l o t

U n i v e r s i t y
F a r m

P r i v a t e
F a r m

A s p e r a i l l u s  a l a u c u s Ir 0 0

C h a e t o m i u m  q l o b o s u m l r 0 lr

D r e c h s l e r a 2 d 0 I r

M v c o s o h a e r e l l a  so. 2r lr Id

P a e c i l o m v c e s  s p . 3 d r lr lr

P e n i c i l i u m  c i t r i n u m l r l r I d

S t e m p h v l i u m  s p . l r O r l r

S v n c e p h a l a s t r u m  

r a c e m o s u m

lr 2 r 0

T r i c h o d e r m a  v i r i d e lr 0 0

Y e a s t  s p p . 0 0 lr

*d d r y  s e a s o n r: r a i n y  s e a s o n



G. SOIL AND RHIZOSPHERE FUNGAL POPULATIONS

Comprehensive lists of fungi isolated from the rhizospheres of 

plants-of okra, pepper and tomato and from the non-rhizosphere soils 

are presented in Tables 32, 33, 34, 35, 36 and 37. In the rhizosphere 

of all the three plants and the non-rhizosphere soils, species of 

Aspergillus were more abundant than those of any other genus. The 

rhizosphere effect differed from one plant species to another.

There were 10 species in the non-rhizosphere soil which occurred 

very sparingly; They are listed in Table 32, and they could be 

considered to be very minor. These species were variously distributed 

among the three locations. Cephalosporium sp., Neurospora. crassa and 

Nigrospora orvzae were isolated from soil of the Experimental Plot, 

Byssochlamvs sp. only was isolated from soil of the University Farm, 

whereas Penicillium digitatum, Chaetomium globosum, Corynespora 

casiico1a , Helminthosporium sp. and Mucor sp. were isolated from the 

soil of the Private Farm.

Comparing the number of minor species of the rhizosphere and non- 

rhizosphere soil, the number was greater in the rhizosphere of okra and 

tomato (Wosowoso variety) at all the three locations, but in the 

rhizosphere of pepper plants at only the Experimental Plot and 

University Farm. The results in Table 33 showed that the number of 

minor species in the rhizosphere of the Heinz variety was far smaller 

than in rhizosphere of Roma and Wosowoso varieties cultivated at the 

Experimental Plot.

The important features of the populations of the major fungal 

species of the rhizospheres of the plants presented in Tables 34, 35, 

36 and 37 could be summarised as follows:
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Table 32: Fungal species occurring at very low frequencies and only occasionally in Rhizospheres of Okra, Pepper and Tomato (Wosowoso variety)
plants and in Hon-rhizosphere soils during growth of the plants at three different locations over 10 months (November, ig88 - August, 
1989).

Occurrence in indicated number of months at

Fungal Species Experimental Plot University Farm Private Farm

Non-Rhizo- Rhizosphere of Non-Rhizo Rhizosphere of Non-Rhizo- Rhizosphere of
sphere Soil Okra Pepper Tomato sphere Soil Okra Pepper Tomato sphere soil Okra Pepper Tomato

Aspergillus clavatus 0 0 1 2 0 3 4 3 0 1 0 0
Aspergillus fumiaatus 0 0 0 0 0 0 0 1 0 1 0 3
Aspercrillus alaucus 0 0 1 0 0 0 0 0 0 0 0 0
Aspergillus nidulans 0 0 0 1 0 0 0 0 0 3 0 1
Bvssochlamvs sp. 0 0 0 0 1 0 1 1 0 0 0 0
Cephalosporium sp. 1 0 0 0 0 0 0 0 0 0 0 0
Chaetomium globosum 0 0 1 0 0 2 1 0 3 2 1 0
Cladosporium herbarura 0 2 0 1 0 0 1 1 0 2 1 1
Corvnespora casiicola 0 0 0 0 0 0 0 0 1 0 0 0
Cunninghamella elegans 0 0 0 0 0 0 0 0 0 0 1 0
Curvularia lunata 0 0 0 0 0 0 0 0 0 0 0 0
Gliocladium sp. 0 1 0 0 0 0 0 0 0 1 0 0
Helminthosporium sp. 0 0 0 0 0 0 0 0 1 0 0 0
Hucor sp. 0 0 0 0 0 0 0 1 1 0 0 0
Neurospora crassa 1 0 1 0 0 2 0 2 0 1 0 1
Nigrospora orvzae 1 0 1 0 0 2 1 2 0 0 0 1
Penicillium digitatum 0 0 1 0 0 0 1 2 1 0 2 1
Penicillium sp. 0 1 0 0 0 1 0 0 0 1 0 0
Pullularia pullulans 0 1 0 0 0 2 0 0 0 0 0 0
Scopulariopsis brevicaulis 0 0 0 1 0 0 0 0 0 0 0 0
Trichocladium sp. 0 0 0 0 0 0 0 0 0 1 1 0
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Ta b l e  33: F u n g a l  s p e c i e s  o c c u r r i n g  a t  v e r y  l o w  f r e q u e n c i e s  a n d

o n l y  o c c a s i o n a l l y  i n  R h i z o s p h e r e s  o f  H e i n z ,  R o m a  a n d  
W o s o w o s o  T o m a t o  v a r i e t i e s  a n d  i n  t h e  n o n - r h i z o s p h e r e  
s o i l  d u r i n g  g r o w t h  o f  t h e  p l a n t s  a t  t h e  E x p e r i m e n t a l  

P l o t  a t  L e g o n  o v e r  10 m o n t h s  ( N o v e m b e r ,  1 9 8 8  - A u g u s t ,  
1 9 8 9  ) .

Occurrence in indicated number of months in
Fungal Species ------------------- —— ------------------------------------

Rhizosphere of
Non-rhizosphere ------------------------------------

soil Heinz Roma Wosowoso

variety variety variety

Aspergillus clavatus 0 0 2 2

Aspergillus fumigatus 0 0 2 0

Aspergillus glaucus 0 1 0 0

Aspergillus nidulans 0 0 0 1

Bvssochlamvs s p . 0 0 0 0

Cephalosporium s p . 1 0 0 0

Chaetomium globosum 0 0 0 0

Cladosporium herbarum 0 2 1 1

Corvnespora casiicola 0 0 0 0

Helminthosporium sp. 0 0 0 0

Mucor sp. 0 0 0 0

Neurospora crassa 1 0 1 0

Nlgrospora orvzae 1 0 0 0

Penicillium digitatum 0 0 0 0



Okra plants

The rhizosphere mycoflora of okra plants showed 10 dominant 

species (Table 34). The most abundant were A spergi1lus n i g e r , 

Aspergillus terreus and Penicillium cyclopium. The 10 dominant species 

could be separated into three groups, based on the influence of the 

roots. One group, comprising of Aspergillus flavus and Fusarium 

oxvsporum, was not affected by the roots and they occurred at 

approximately the same frequencies in the rhizosphere and non- 

rhizosphere soils. The other two groups were influenced by the root 

exudates and by the microbial population established in the 

rhizosphere. A. n i g e r , Paecilomvces sp. and Svncephalastrum racemosum 

populations increased in the rhizosphere, whereas the third group, made 

up of Aspergillus ochraceus, A. terreus and Trichoderma viride 

populations declined in the rhizosphere.

P. eye lop ium occurrence was a peculiar one. It was stimulated in 

the rhizosphere in the dry season and suppressed during the rainy 

season.

At the same time, these dominant species thrived at different 

times during the period of sampling. This response to the moisture 

conditions also separated the species into three identifiable groups. 

A. ochraceus, F. oxysporum and Paecilomyces sp. occurred in greater 

numbers in the dry season than in the rainy season. On the other hand, 

Rhizopus sp. and S. racemosum were favoured by the rainy season, while 

A. flavus, A. n i g e r , A. terreus and T. viride respective populations 

were approximately the sam% $uring the dry and rainy s e a s’ns.

Pepper plants

There were 11 dominant fungal species in the rhizosphere of the 

pepper plants (Table 35). The
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most abundant species a Iso A. niger. A. terreus and P. cyclopium. 

Species which occurred mostly in the dry season were F. oxysporum. 

Paecilomyces sp. and P. eyelopium and those with greater populations in 

the rainy season than in the dry season were A. f 1 avus, A. niger. 

Rhi zopus sp. and T. vi ride. The rest, including A. fumigatus and A. 

ochraceus were not particularly affected by time of sampling.

Conditions of the rhizosphere did not affect A. fumigatus, 

Paecilomyces sp. and S. racemosum. The populations of A. flavus, A. 

niger, A. terreus and F. oxysporum, on the other hand, increased in the 

rhizosphere, while those of A. ochraceus, Rhizopus sp. and T. vi ride 

decreased, in comparison to the populations in the non-rhizosphere 

soi 1.

Tomato plants

Twelve dominant fungal species were isolated from the rhizosphere 

of the tomato plants grown at the three localities (Table 36). The most 

abundant species were A. niger and P. cyclopium. Using the same 

criteria based on rhizosphere influence and effect of seasons the 

species could be classified as follows:

(a) Species which were not affected by root: Chaetomium globosum, F. 

oxysporum, Paecilomyces sp. and T. vi ride.

(b) Species stimulated on the rhizosphere: A. flavus, A. niger, C. 

lunata, P. cyclopium and S. racemosum.

(c) Species suppressed in the rhizosphere: A. ochraceus. A. terreus 

and Rhizopus sp.

(d) Species with higher populations in the rainy season: A. flavus, 

A. terreus, Rhizopus sp., S. racemosum and T. vi ride.

(e) Species with higher populations in the dry season: A. ochraceus, 

F. oxysporum, Paecilomyces sp. and P. cyclopium.



(f) Species occurring to approximately the same degree in the dry and 

rainy seasons: A. niqer.

Considering the species in the non-rhizosphere soils which 

reflected the baseline populations of the three locations, no single 

plot could be identified to contain the highest population or the 

smallest populations, because of the great variation in occurrence 

shown by the individual species, when all the experiments were put 

together.

Plants of Tomato Varieties

Each fungal species apparently responded almost to the same 

extent to the influence of the three tomato varieties as shown in Table 

37. A. f1avus, A. niqer, Chaetomium sp., C. lunata, F. oxysporum, 

Paecilomyces sp. , P. cyclopium, Rhi zopus and S. racemosum were 

stimulated in the rhizosphere of all the three tomato varieties. A. 

ochraceus and A. terreus, on the other hand, were suppressed in all the 

three rhizospheres.
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H. FUNGAL CONTAMINANTS OF OKRA CHIPS AND BOILED

133

PEPPER FRUITS AFTER DRYING

Fungi isolated from okra (Local variety) fruit chips and pepper 

fruits air-dried and solar-dried during the dry and rainy seasons are 

listed in Table 38. A. niger was the dominant species of okra chips 

dried both in the dry season (Nov. 26 - Dec. 6, 1989) and the rainy

season (June 15 - June 25, 1990), with surprisingly higher populations 

on chips under the solar drier. Generally more colonies of the other 

species of both air-dried and solar-dried, occurred on unwashed chips 

than the washed chips.

During the rainy season, approximately similar fungal populations 

occurred on the washed and unwashed okra chips under each type of 

drying. Secondly, air-dried chips carried higher number of colonies 

than the solar-dried chips.

A. n i g e r , A. flavus, P. cyclopium, C. herbarum and Rhizopus sp. 

constituted the dominant fungi on the different batches of pepper 

fruits. C. herbarum was, however, restricted to the air-dried fruits 

during both seasons.

The atmospheric relative humidity during the dry season, from 

Nov. 26 to Dec. 6, 1989, was 48 to 74% R H and during the rainy season, 

from June 15 to June 25, 1990 was 66 to 82% RH.



Table 38 : F

Time of 
Drying

June 15- 
June 24, 
1990

llov. 2 6- 
Dec. 6, 
1969

Llium Rhizopus Svncephalastrum Mycelia
-jam sp. racemosum sterilia

5 0 5

4 0 0

14 3 1

20 4 1

0 . 0 0

0 0 0

0 0 0

0 0 0

1 0 0

2 4 1

9 2 0

20 3 1

0 0 0

0 0 0

11 0 0

9 0 0

on

ng

ned

ure

81%

■ery



I. MOISTURE SORPTION ISOTHERMS OF DRY PEPPER FRUIT AND 

OKRA FRUIT CHIPS AND THEIR RESPECTIVE FLOURS

The graphs in Figs. 11, 12, 13 and 14 are results of studies on 

tests on gain or loss of moisture of dried fruits under the following

conditions:

•?
1. Dried whole pepper fruits Under room conditions

2. Dried pepper fruit powder under room conditions

3. Dried whole pepper fruits at 20 and 85% RH

4. Dried pepper fruit powder at 20 and 85% RH

5. Dried okra fruit chips under room condition

6. Dried okra fruit powder under room conditions

7. Dried okra fruit chips at 20 and 85% RH

8. Dried okra fruit powder at 20 and 85% RH.

The graphs show that the materials in all treatments gained 

moisture from the ambient atmosphere. The level of gain in moisture 

was higher under room conditions with humidities ranging from 68 to 81% 

RH and in desiccators with controlled humidity of 85% RH, and very 

little moisture was absorbed in atmosphere of 20% RH.
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J- FUNGAL FLORA OF DRY PEPPER FRUITS AND OKRA FRUIT CHIPS

140

AND THEIR RESPECTIVE FLOURS DURING STORAGE

- Lists of fungal species isol ated" from okra chips and blended okra 

stored under laboratory condition, 85% RH and 20% RH are presented in 

Tables 39, 40, 41 and 42. The species occurred at widely varying 

frequencies; they did not follow any particular pattern of 

distribution. On the chips and blended okra fruits for all the seasons 

and under the different conditions, Aspergi1lus niger was the most 

abundant of all the species. The dominant species were A. f1avus, A. 

ni_ger, C. herbarum, F. oxysporum and P. cyclopium. The populations of 

some of the dominant species showed some seasonal appearance. P. 

cyclopium in particular, was favoured by the rainy season.

In all the set ups, fungal development in the stored chips 

exposed to the laboratory atmosphere and 85% R.H., the same species, 

for example, A. niger, P. cyclopium and C. herbarum increased during 

storage or decreased without any relationship with the season.

Tables 43 and 44 indicate the major species which occurred at 

different frequencies on stored whole and blended pepper.

The dominant fungal species recorded on whole pepper fruit stored 

in different atmospheres was Aspergi1lus flavus during the rainy season 

while A. niger which was abundant initially almost disappeared during 

storage. Many species, as shown by Table 44 did not appear at all or 

appeared at very low frequencies.

During the dry season (Dec.11, 1989 to Jan.8, 1990), A. f1avus, 

A. niger, C. herbarum, F. oxysporum and P. cyclopium occurred at fairly 

high frequencies. F.oxysporum rose from 20 % to 58 % frequency at 85% 

RH and in the atmosphere of the laboratory.

The same species were the dominant species on the blended pepper.



Table 39 : F u n g i  i s o l a t e d  f r o m  o k r a  f r u i t  c h i p s  a f t e r  s t o r a g e  at d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  at 30 +  2 for 28 d a y s  
(Dec. 11, 19 8 9  - Ja n .  8 , 1990)

Spec i e s  In i t i a l P e r c e n t a g e  P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  for 40 d a y s  at
F r e q u e n c y  of - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

' species [ h < 2,  L a b o r a t o r y  8 5S EH 2 0* RH
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A s c eraillus f l a v u s 6 10 10 67-

A spe r g i l l u s n i g e r 54 23 25 25

Aspe r g i l l u s o c h r a c e u s 0 0 0 0

A s p erqiilus t e r r e u s 0 0 2 0

Cia d o s p o r i u m " h e r b a r u m 18 28 33 0

C urvularia l u n a t a 0 0 0 0

F u sarium oxysporuis 0 1 1 0

P eEic i l l i u n c h r y s c q e n u a 0 1 2 0

Fepicilliuii! c y c l o p i u m »
23 27 8

S v n c e p h a i a s t r u a raceaosuffi 0 0 0 0

Sy.crieisaiua sp. 0 0 0 0

'/east spp. '3 0 0 0

K y c e h a s t e r i l i a 0 2 0 0



Table (0: F u n g i  i s o l a t e d  f r o m  b l e n d e d  o k r a  f r u i t  a f t e r  s t o r a g e  at d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  at 30 t 2 ^  for 28 d a y s  
( J u l y  4 - Au g .  1, 1990)

S p e c i e s  I n i t i a l  P e r c e n t a g e  P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  for 40 d a y s  at
F r e q u e n c y  of — - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
s p e c i e s  ll've L a b o r a t o r y  85 1  RH 20* RR

A s D e r q i l i u s f i a v u s  20 5 28 26

As c e r a i l i u s s i q e r  20 30 40 3

A s p e r g i l l u s o c h r a c e u s  0 0 0 0

A s p e r g i l l u s t e r r e u s  0 0 0 o

Ciadospcriuni herbarutu 20 • 0 0 0

C u r v u i a i i a l u n a t a 10 0 0

F u s a n u w QAV’S D o r u m  0 0 0 0

Penicilliura chr v s o a e n u r a  0 0 n 0

P e n i c i l l i u m c Y c l o p i u m  40 30 30 71

S.yncephaiastruia r a c e a c s u m  0 0 0 0

S y n n s s a t u s  sp. 0 0 0 0

feast spp. 0 15 12 0

Hyc e i i a s i e r i i i a  0 0 0 0
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Table 41: F u n g i  i s o l a t e d  f r o m  o k r a  f r u i t  c h i p s  a f t e r  s t o r a g e  at d i f f e r e n t  r e l a t i v e  h u m i d i t i e s  at 30 t 2 * t  for 28 d a y s  

( J u l y  4 - Au g .  1, 1 990)

Species I n i t i a l  P e r c e n t  
F r e q u e n c y  cf 
s p e c i e s

a g e  P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  for 40 d a y s  at

l\i€ .Laboratory 8 5? RH 2 01 EH

A 5g5 rsiIIus H a v a s 3 31 S 23

A s p e r n i l l m S U l I 31 13 37 36

ft s t e t c i l l a i o c n r a c s M 0 0

i i E i M l l S i t s r r e a s g 0 0 0

Cia a o s p o r i u m h s i b a t u a 35 6 0

C m r a l a r i a i a i a U 0 0 0

f u i s i i m K i j j o r u i 11 6 17 0

f e w p i i l . ® c h r i i a j s j i B L 8 0 0

Feniciliiuii CVCiCPlM 12 23 23 29

i n c w l a l M t n i a c f O H H 0 3 0 0

g f f i e j j u s  sp. 0 8 o 0

feast s p p . 0 0 8 0

S iceiii s t e r i i i a 0 0 0 0



Table 42: Fungi isolated from blended okra fruit after storage at different relative humidities at 30 f 2̂ for 28 days
(Dec. 11, 1989 - Jan. 8, 1990)

S p e c i e s  i n i t i a l  P e r c e n t a g e  P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  for 40 d a y s  at
F r e q u e n c y  of  :- - - - - - -
s p e c i e s  " f y c  L a b o r a t o r y  8 5 1  R H  2 01 RH

A s p e r a i l l u s f l a v u s 22 5 7 0

A s p e r g i l l u s n i o e r 32 10 17 57

A s p e r g i l l u s o c h r a c e u s 0 21 0 0

A s p e r g i l l u s t e r r s u s 0 5 0 0

C l a d o s p o r i u m h e r b a r u m 19 16 0 0

C u r v u l a r i a l u n a t a 0 0 0 0

F u s a i i u m o x y s p o r u m 10 43 35 29

P e n i c i l l i u m c h r v s o q e n u m 0 0 0 0

Peniciliiuia c y c l o p i u r o ' 17 0 34 0

Syncsphalastrura racemosurc 0 0 7 14

S y n n e s a t u E  s p . 0 0 0 0

least spp. 0 0 0 0

H ycelia s t e r i i i a 0 0 0 0
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T a b l e  (3: F u n g i  i s o l a t e d  f r o «  b l e n d e d  p e p p e r  f r u i t s  a f t e r  s t o r a g e  a t  d i f f e r e n t  r e l a t i v e  b u s i d i t i e s  at 3 0  +  2 1  fo r  28 d a y s  ( J u l y  < -  t o g .  1 , 1 9 8 )  
or B e e .  11, 1 9 8 9 - J a n .  8 , 1 9 9 0 ]

P e r i o d  S p e c i e s  I n i t i a l  P e r c e n t a g e  P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  foi (0 d a y s  at
F r e q u e n c y  of s p e c i e s  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l a b o r a t o r y  8 5 S  E H  2 0 S  S B

J u l v - A s o e r o i l i u s f l a v u s li 32 50 U
A u g u s t A s p e r g i l l u s n i g e r U 19 10 s
1989 A s p e r g i l l u s t e r r e u s 0 0 20 6

C l a d o s D o r i u n h e r b a r u m li 11 0 6
C u r v u l a r i a l u n a t a 0 0 0 0
Fusariuit o x v s o o r u m 10 30 0 6
P e n i c i l l i u i c v c I o d i u i 35 8 20 35
E h i z o p u s  st 0 f 0 17
S v n c e p h a l a s t m r a c e n o s u n 0 S 0 0
H y c e l i a s t e r i l i a 0 0 0 0

t e c  1938- A s p e r a i1lus f l a v u s IP 8 8 6
Jan. 1989 A s p e r g i l l u s n u e r 23 10 10 10

A s o e r u i l l u s t e r r e u s 0 3 0 0
C l a d o s o o r i u i h e r b a r u n IS 10 22 11
C u r v u l a r i a l u n a t a 0 i 0 6
F u s a r i u m o x v s o o r n i 18 51 (0 31
P e n i c i l l i n ® c v c l o p i u n 33 0 20 U
R b i z o p u s  sp 0 0 0 0
S v n c e p h a l a s t r u i i raceroosuin 0 0 0 0
H y c e l i a s t e r i l i a 0 6 0 6



table 4(: Foigi isolated fioi pepper fruits after storage at different relative himidities at 30 t 2*C for 28 days (July 4- Aug. 1, 1990 and
Dec. 11, 1989 - Jan. 8, 1990)

P e r i o d S p e c i e s I n i t i a l  P e r c e n t a g e  

F r e q u e n c y  of s p e c i e s

P e r c e n t a g e  F r e q u e n c y  of s p e c i e s  a f t e r  i n c u b a t i o n  for 28 d a y s  at

' l h « _  L a b o r a t o r y 8 5 1  RH 201 RB

J u I y - A s p e r a i l l u s f l a v u s 22 87 94 95

A u g . A s p e r a i l l u s n i a e r 75 4 6 5

1 9 9 0 A s p e r a i l l u s t e r r e u s 0 0 0 0
C l a d o s p o r i u i herbaruc. 0 0 0 0
C u r v u l a r i a l u n a t a 0 0 0 0
F u s a r i u n o m p o r u m 0 2 0 0
P e n i c i I l i u m c vclopiure 0 0 0 0
E h i z o p u s  sc. 3 ( 0 0
S v n c e p n a l a s t r u r c raceraosuKi 0 0 0 0"
H y c e l i a s t e r i l i a 0 3 0 0

D e c  .1989- A s p e r a i l l u s f l a v u s 16 10 6 8

J a n . 1 9 9 0 A s p e r a i l l u s n i a e r 26 15 6 5

A s p e r a i l l u s t e r r e u s 0 4 10 0
C l a d o s p o r i u i herbaruii! 11 15 0 16

C u r v u l a r i a l u n a t a 0 0 0 3

F u s a n u r o oxvsporuit 2 48 58 48

P e n i c i l l i u i  
E h i z o p u s  sp.

C YC lO Pi UR 23
4

8

0
15
5

20
0

S v n c e p h a l a s t r u n racemosuit! 0 0 0 0
H y c e l i a  1 s t e r i l i a 0 0 0 0



K. IRRADIATION TREATMENT OF ONION BULBS

Fungal flora of onion bulbs of Red Creole and Texas Grano which 

had -received irradiation treatments are shown in Tables 45 - 55. 

Plants were raised in the dry season and the rainy season in soils 

containing either Manure alone or Manure and Sulphate of Ammonia. The 

tables show fungal flora of:

i. freshly harvested bulbs (Tables 45 and 46) 

ii. bulbs cured for 30 days and those cured for 30 days and

irradiated at dosages of 0.05 Gy and 0.10 Gy (Tables 47 - 50). 

iii. bulbs cured for 30 days, irradiated at dosages of 0.05 and

0.10 Gy and then stored at 90% RH at room temperature for 90 

days (Tables 51 - 54).

Very few fungal species were present in substantial numbers on 

freshly harvested bulbs. Analysis of variance of varieties on fungal 

flora at harvesting of onion bulbs of Red Creole and Texas Grano 

varieties in Tables 45 and 46 have shown that the differences in 

relationship of the two onion varieties with A. niger , F. oxysporum 

and Yeast s p p . ' s i g n i f i c a n t  (p<0.05). Also the seasons the onions 

were raised had significant effect on growth of A. niger, F.oxysporum 

and Fusarium sp. There was a very high population of Fusarium 

oxysporum and Fusarium sp. on bulbs of both varieties grown in the dry 

season (Table 45). Penici11ium eyelopium and Yeast spp. constituted 

an intermediate group while Aspergi H u s  flavus, Aspergi1lus niger, 

Cladosporium herbarum, Penici11ium chrysogenum and Rhizopus sp. which 

occurred at extremely low frequencies constituted a third group.

The picture changed dramatically in bulbs formed during the rainy
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Table

O m o  j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

V a r i e t  i h i z o M s  S y n c e c h a l a s t n m  T r i c h o d e n a  l e a s t

s p e c i e s  racero s i i i  v i r i d e  spp.

R e d  Ci o 0 0 s
0 0 0 15
0 0 
0 0

0
0

10
0

0 0 0 ’6
0 0 0 46
0 0 0 21
0 0 0 0

T e x a s  0 0 0 1
0 0 0 1
0 0 0 »

G 0 0 0
1 0 0 21
0 0 0 13
0 0 
a o

0
0

11
0

1. f



Shi:
spei

0
0
0
9

0
0
0
0

1
0
0
0

1
0
0
3

<n
>m

S y n c e p h a l a s t r u m  T r i c h o d e r a a  F e a s t
r a c e m o s u B  v i r i d e  spp.

0 0 (1
0 0 0
0 0 0
0 0 0

0 0 10
0 0 0
0 0 0
0 0 9

0
0

0
0

0
0

0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
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T a b l e  55: A s c o r b i c  a c i d  ( V i t a m i n  C) c o n t e n t  o f  i r r a d i a t e d  o n i o n  

b u l b s  a f t e r  90 d a y s '  s t o r a g e  a t  8 0 %  R H  a t  r o o m  
t e m p e r a t u r e .

P e r i o d  P l a n t s  

R a i s e d
O n i o n
V a r i e t y

D o s a g e

(Gy)

A s c o r b i c  a c i d  cont< 
(m g / l O O g )

D r y  S e a s o n

N o v . , 1 9 8 8 - R e d  C r e o l e 0 . 0 9 .4

F e b . , 1 9 8 9 0 . 05 8 . 5

0 . 1 0 8 . 5

T e x a s  G r a n o 0 . 0 9 . 4

0 . 0 5 1 0 . 8

0 . 1 0 1 0 . 2

R a i n y  S e a s o n

A p r i l - J u n e , R e d  C r e o l e 0 . 0 8 . 0

1989 0 . 0 5 1 0 . 0

0 . 1 0 1 0 . 0

T e x a s  G r a n o 0 . 0 1 1 . 5

0 . 0 5 9 . 8

0 . 1 0 8 . 3



Season. A. niger constituted the dominant flora, and C. herbarum and 

F. oxysporum and P. cyclopium formed an intermediate group. The rest 

formed the third group of very low percentage frequency of occurrence 

(Table 46).

Manure, and Manure and Sulphate of Ammonia treatments 

significantly (p < 0.05) increased growth of F. oxysporum. However, 

there was no significant difference between Manure, and Manure and 

Sulphate of ammonia treatments, as shown by the calculations in 

Appendices M-Q-.

Curing for 30 days produced notable changes in the fungal flora 

of the bulbs as shown in Tables 47 - 50.

(a) Alternaria alternata and Trichoderma viride which were not

isolated from the freshly harvested bulbs occurred on the cured 

bulbs, although at very low frequencies. Significantly, greater 

numbers of C.herbarum, F.oxysporum, Fusarium sp., P. cyclopium, 

and T.vi ride were associated with Texas Grano variety while Red 

Creole was a significantly better substrate for Rhizopus sp. 

A.niger and Alternaria alternata on the other hand occurred to 

the same extent on the two varieties as shown in Appendices R-Y.

(b) Bulbs of plants grown in the dry season showed more dominant

species. Four species, A. niger, C. herbarum, F. oxysporum and

P. cyclopium occurred in far greater quantities than any of the 

rest (Tables 47 and 48).

(c) The intermediate category consisted of only Fusarium sp. while 

very few colonies of the rest were encountered.

There is no consistent effect of irradiation on the fungal 

species. Gamma irradiation did not suppress fungal growth.

Contamination of irradiated bulbs by F.oxysporum, Rhizopus sp. and

1X5



I-viri.de increased significantly (p< 0.05) (Appendices U, X and Y). It 

increased C. herbarum and F. oxysporum frequency in Red Creole bulbs 

(Table 47), decreased A. niger frequency and had inconsistent effect on 

P. cyclopium. The rest did not seem to have been affected by 

irradiation.

In Texas Grano bulbs, irradiation increased the incidence of F. 

oxysporum and decreased the incidence of A. ni ger. There was no effect 

at all on the other species or had inconsistent effect as with C. 

herbarum and P. cyclopium.

Two very outstanding results were provided by bulbs of Red Creole 

and Texas Grano plants grown in the rainy season. While irradiation at 

both 0.05 and 0.10 Gy highly stimulated A. niger, it completely 

eliminated Rhi zopus sp. and Trichoderma vi ride (Tables 49 and 50).

Curing followed by irradiation and then storage for 90 days did 

not eliminate the fungi. As shown in Tables 51-54, significantly 

higher levels of incidence (p<0.05) of A.niger, Rhi zopus sp.,

S.racemosum , T.vi ride and Yeast spp. occurred on both varieties. The 

calculations are given in Appendices A,, Cj,D|,E| and F,.

Three species appeared on the irradiated bulbs during the long 

storage of 90 days at 80?̂  RH at room temperature. These were 

Aspergi 11 us clavatus. Curvularia lunata, and Syncephalastrum racemosum. 

Apart from the highly dominant A. niger, the rest occurred at very low 

frequencies on all the bulbs (Tables 51-54) of the two varieties and of 

the various treatments.

The levels of Ascorbic acid (Vitamin C) of bulbs of the plants 

grown in soils with Manure and Sulphate of Ammonia and irradiated are 

shown in Table 55.. Curiously, irradiation at both 0.05 and 0.10 Gy 

raised the levels of Ascorbic acid in one batch of bulbs of Red Creole

1 6 0



and Texas Grano and reduced them in the other batch of each variety, 

irrespective of the initial concentration.

The.effect of gamma irradiation on rotting and sprouting and on 

the loss of weight of the bulbs of onion are tabulated in Table 56. It 

is clear that sprouting is reduced or completely prevented by some of 

the treatments. Suppression of sprouting increased as gafnma dosage 

increased. The pattern of rotting, on the other hand showed three 

different trends. For example, rotting was reduced by irradiation of 

Red Creole bulbs from soils treated with manure only. Irradiation, on 

the other hand, increased rot in some bulbs such as Red Creole bulbs of 

the rainy season in soils treated with a combination of Manure and 

Sulphate of Ammonia, while it had no effect in certain instances. 

Examples are dry season bulbs of Red Creole variety of soils treated 

with Manure and Sulphate of Ammonia and bulbs of Texas Grano of soils 

treated with manure only.

16.1
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Table 56: Rotting and sprouting of onion bulbs stored at 30 °C for 
3 months after gamma irradiation

Onion Variety
and Effect

seasons of Soil on
Planting Treatment Bulb

Bulbs irradiated with 
Gamma dosages (Gy)

RED CREOLE 
Dry season 
crop

Manure and 
sulphate of 
Ammonia

N o . of
rotted bulbs 
out of 10

N o . of 
sprouted 
bulbs out 
10

% Weight 
loss

8 . 3 3  1 0 . 0 7

NO . Of
rotted bulbs 
out of 10

N o . of 
sprouted 
bulbs out 
10

Rainy Season 
Crop

Manure and 
Sulphate of 
Ammonia

% weight 
loss

1 1 . 0 2  7 . 6 5

NO . Of
rotted bulbs 
out of 10

N o . of 
sprouted 
bulbs out 
10

No . Of 
rotted bulbs 
out of 10

N o . of 
sprouted 
bulbs out 
10

% weight 
loss

1 1 . 8 3  1 8 . 9 3  11.
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T a b l e  5 6 :  C o n t d .
O n i o n  V a r i e t y  

a n d E f f e c t
o n

B u l b

B u l b s  i r r a d i a t e d  w i t h  
Gamma d o s a g e s  ( Gy)

P l a n t i n g T r e a t m e n t 0 . 0 0 .  5 0 . 1 0
TEXAS GRANO 
D r y  S e a s o n  
C r o p

M a n u r e  a n d  
S u l p h a t e  o f  
Ammon i a

N o . o f
r o t t e d  b u l b s  
o u t  o f  '10

1 0 0

N o . o f  
s p r o u t e d  
b u l b s  o u t  
10

6 0 0

% W e i g h t  
l o s s

1 6 . 9 6 4 . 6 7 1 2 .  02

M a n u r e N o . o f  
r o t t e d  b u l b s  
o u t  o f  10

1 1 1

N o . o f  
s p r o u t e d  
b u l b s  o u t  
10

4 0 0

% W e i g h t  
l o s s

1 5 . 1 9 9 . 98 5 . 1 4

R a i n y  S e a s o n  
C r o p

M a n u r e  a n d  
s u l p h a t e  o f  
A mm o n i a

N o . o f
r o t t e d  b u l b s  
o u t  o f  10

9 9 b

N o . o f  
s p r o u t e d  
b u l b s  o u t  
10
% w e i g h t  

l o s s

0 0 0

M a n u r e N o . o f
r o t t e d  b u l b s  
o u t  o f  10

9 7 7

N o . o f  
s p r o u t e d  
b u l b s  o u t  
10

0 0 0

% W e i g h t  
l o s s

- - -

* R o t t i n g  t o o  e x t e n s i v e



L. PATHOGENICITY OF FUNGI ISOLATED FROM TOMATO FRUITS

Infection of tomato fruits inoculated with 15 fungal species 

varied-with the fungal species, and with the mode of inoculation. It 

was observed that, with all the three tomato varieties, Heinz, Roma and 

W osowoso:

(a) some of the fungal species - Aspergillus terreus, Alternaria 

alternata, Corvnespora casiicola, Curvularia lunata, Fusarium 

oxysporum, Nigrospora orvzae and Scopulariopsis brevicaulis - 

caused considerable rot while the rest had negligible effect, 

even when inoculated into wounds, and

(b) in case of the virulent fungal species, rot was greater when the 

fruits were wound-inoculated than when the inocula were placed on 

the intact fruit skin.

Eight species, namely, Aspergillus clavatus, Aspergillus g laucus, 

Cladosporium herb a r u m , Helminthosporium sp. , Penici11ium citrinum, 

Penicillium funiculosum, Svncephalastrum racemosum and Trichothecium 

roseum, were found to be non-virulent caused very slowly growing rot as 

shown in Table 57.

The development of the rot in fruits inoculated with the virulent 

fungal species compared with that of fruits inoculated with C. 

herbarum, an example of a non-virulent species, is shown in Figs. 15 

and 16. The graphs show that there was generally a rapid development 

of the rot between the 4th and 6th days of incubation.

16̂
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Table : 57 Rotting of tomato fruits inoculated with different

fungal species and incubated at 27 C for 10 days

Inoculum
Tomato
Variety

Type of 
Inoculation

M ean Rot Diameter (mm) after

6 Days 10 Days

Alternaria
alternata Heinz

Surface

Wound
18.5±0.5 

29.5±1.0

24.5±0.5

60.010.5

Roma
Surface

Wound

12.510.5

18.510.5

15.0

36.010.5

Surface

Wound
21.5+0.5
36.5+1.0

27.0

70.0+0.5

Aspergillus 

clavatus Heinz Surface
Wound

5.5
5.5

5.5
5.5

Roma Surface

Wound

6.0
6.5

6 . 0
6.5

Wosowoso Surface

Wound

5.0

6 . 0
5.0
6. 0

Aspergillus 
glaucus Heinz Surface

Wound

4.5
5.0

6.5
8 .0

Roma Surface

Wound

6 . 0
6.5

6 . 0
6.5

Wosowoso Surface
Wound

4.7
5.0

7.0

9.0
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T a b l e  5 7 :  C o n t d .

A s c e r a i l l u s H e i n z S u r f a c e 9 .0 + 0 .1 1 5 . 0
t e r r e u s W o u n d 4 6 . 5 ± 0 . 5 75 . 5 + 1 . 5

R o m a S u r f a c e 8 . 5 + 0 . 1 1 3 . 0

W o u n d 4 1 . 5 + 0 . 5 5 9 . 5 + 0 . 5

W o s o  S u r f a c e 12 . 0 28. 5 + 0 .1

w o s o W o u n d 5 9 . 5 + 0 . 5 8 2 . 0 + 0 . 5

C l a d o s c o r i u m H e i n z S u r f a c e 5 . 0 6. 0

h e r b a r u m W o u n d 6 .0 7 . 5 ± 0 . 1

R o m a S u r f a c e 5.0 6 . 0

W o u n d 5 . 0 6 . 5 + 0 .1

W o s o  S u r f a c e 5 .0 6 .0

w o s o W o u n d 9 . 0 9 - 0

C o r v n e s p o r a H e i n z S u r f a c e 1 6 . 0 2 1 . 0

c a s i i c o l a W o u n d 28 . 5 + 0 . 1 6 4 . 0 + 1 . 0

R o m a S u r f a c e 1 5 . 3 + 0 . 3 1 9 . 0

W o u n d 3 6 . 0 + 0 . 1 65. 5 + 0 . 5

W o s o  S u r f a c e 17 . 0 22 . 0

w o s o W o u n d 21. 0 69 . 0 + 1 . 0

C u r v u l a r i a H e i n z S u r f a c e 8 . 5 + 0 . 1 16. 5 + 0 .1

l u n a t a W o u n d 10 . 5 ± 0.1 29. 5 + 0 . 5

R o m a S u r f a c e 7 . 0 1 2 . 0

W o u n d 8 . 0 2 1 . 5 + 0 . 5

W o s o  S u r f a c e 1 1 . 5 + 0 . 5 18. 5 + 0 . 5

w o s o W o u n d 3 8 . 5 + 0 . 5 6 2 . 0 ± 1.0
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T a b l e  5 7 :  C o n t d .

P e n i c i l l i u m H e i n z S u r f a c e 3 .0 3 .0
f u n i c u l o s u m W o u n d 3 .0 3 . 0

R o m a S u r f a c e 3 . 0 3 . 0
W o u n d 3 . 0 3 . 0

W o s o  S u r f a c e 3. 0 3 .0
w o s o W o u n d 3. 0 3 . 0

S c o p u l a - H e i n z S u r f a c e 15 . 0 36 . 5 + 0 . 5
r i o p s i s W o u n d 4 2 . 0 ± 1 . 0 67 . 0 + 1 . 0
b r e v i c a u l i s

R o m a S u r f a c e 1 3 . 0 13 . 0
W o u n d 40 . 5 ± 0 . 5 52. 5 + 0 . 5

W o s o  S u r f a c e 17 . 5 ± 0 . 5 37 . 5 + 0 . 5
w o s o W o u n d 3 7 . 0 ± 1 .0 65. 5 ± 1. 0

S n c e p h a l a - H e i n z S u r f a c e 5 . 3 + 0 . 4 5.3 + 0 . 4
s t r u m W o u n d 6. 7 + 0 . 2 6 .7 + 0 . 2
r a c e m o s u m

R o m a S u r f a c e 5.3 + 0 . 4 5. 3 + 0 . 2
W o u n d 6 . 7 ± 0. 2 6 . 7 + 0 . 2

W o s o  S u r f a c e 5.3 + 0 . 4 5. 3 ± 0 . 4
w o s o W o u n d 5 .6 + 0 . 3 5. 6 ± 0 . 4

T r i c h o t h e c i u m H e i n z S u r f a c e 7 . 5 ± 0 . 1 12. 5 + 0 . 1

r o s e u m W o u n d 18. 5 ± 0 . 5 3 9 . 5 + 0 . 5

R o m a S u r f a c e 7 . 0 10 . 5 + 0 . 1
W o u n d 18. 5 ± 0 . 5 32 . 5 + 0 . 5

W o s o  S u r f a c e 8 . 3 + 0 . 4 1 5 . 0

w o s o W o u n d 1 8 . 6 + 0 . 3 4 5 . 0 + 0 . 5
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DAYS OF INCUBATION

F i g .  15 G r o w t h  o f  l e s i o n s  i n  T o m a t o  F r u i t s  i n o c u l a t e d  w i t h  A_,_ a l t e r n a t a , A.  t e r r e u s . 
C . c a s i i c o l a  a n d  h e r b a r u m  a n d  i n c u b a t e d  a t  27° G f o r  10 d a y s .

A l t e r n a r i a
a l t e r n a t a

C l a d o s p o r i u
h e r b a r u i n

C o r y n e s p o r a
c a s i i c o l a

H e i n z  : S u r f a c e - i n o c u l a t e d  _____ 0—
Roma : S u r f a c e - i n o c u l a t e d  ____

W o sow os o : S u r f a c e - i n o c u l a t e d  -------w—

w o u n d - i n o c u l a t e d  
w o u n d - i n o c u l a t e d

w o u n d - i n o c u l a  t e d
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DAYS OF INCUBATION

F i g .  16 : G r o w t h  o f  l e s i o n s  i n  T o m a t o  F r u i t s  i n o c u l a t e d  w i t h  C.  l u n a t a ,  F .  o x y s p o r u m, 
N.  o r y z a e  a n d  JS. b r e v i c a u l i s  a n d  i n c u b a t e d  a t  2 7 ° C  f o r  10 d a y s .

H e i n z
Roma
Woso wos o

S u r f a c e - i n o c u l a t e d  
S u r f a c e - i n o c u l a t e d  
S u r f a c e - I n o c u l a t e d

W o u n d - i n o c u l a t e d  
W o u n d - i n o c u l a t e d  
W o u n d - i n o c u l a t e d



M. GERMINATION OF SPORES IN EXTRACTS OF ONION BULBS AND 

FRUITS OF PEPPER AND TOMATO

The results in Tables 58-61 were obtained f r m  germination tests 

using different extracts, with pHs lying between pH 3.9 and 5.7, and 

spores of different fungi.

(a) Germination of Conidia in extracts of onion bulbs

The conidia showed different levels of germination in 

distilled water as shown in Table 58. Conidia of A. flavus and 

A, niger did not germinate in distilled water; those of T. vi ride 

attained only 8.7 per cent germination in 24 hours while C. 

casi icola, C. lunata and F. oxysporum conidia germinated very 

well, 100, 95.3 and 89.7 per cent, respectively. Conidia of C. 

casi icola, and F. oxysporum achieved those levels of germination 

in only 8 hours.

Extracts of bulbs of both onion varieties completely 

inhibited germination of conidia of C. casi icola, C. lunata and 

T. vi ride.

F. oxysporum conidia did not germinate in extract of Red 

Creole bulb and did so sparingly in extract of Texas Grano. 

Conidia of A. niqer showed the highest percentage germination in 

the extracts, followed by A. flavus conidia.

(b) Germination of spores in tomato fruit extracts

The results of the tests are shown in Table 59. The 

extracts highly stimulated germination of conidia of 

Helminthosporium sp. and C. lunata and sporangiospores of S. 

racemosum, but reduced percentage germination, particularly 

extract of Heinz fruits, of conidia of A. alternata.

i?o
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T a b l e  58: G e r m i n a t i o n  o f  c o n d i a  o f  v a r i o u s  f u n g a l

s p e c i e s  i n  u n d i l u t e d  e x t r a c t  o f  O n i o n  b u l b  v a r i e t i e s  
a t  3 0  ± 2 °C

F u n g u s
O n i o n

V a r i e t y p H

% G e r m i n a t i o n  
h o u r s

a f t e r  f o l l o w i n g

8 10 12 24

A s c e r a i l l u s R e d  c r e o l e 5. 7 0 . 0 0 . 0 0 . 0 16 . 2
f l a v u s T e x a s  G r a n o  

D i s t i l l e d

5 . 3 0 . 0 0 . 0 0 . 0 1 8 . 2

W a t e r 4 . 9 0 . 0 0 . 0 0 . 0 0 . 0

A s p e r g i l l u s R e d  c r e o l e 5.7 0 . 0 0 . 0 0 . 0 3 6 . 4
n i g e r T e x a s  G r a n o  

D i s t i l l e d
5 . 3 0 . 0 0 . 0 0.0 1 0 0

W a t e r 4 . 9 0 . 0 0 . 0 0 . 0 0 . 0

C o r v n e s p o r a R e d  c r e o l e 5.7 0 . 0 0 . 0 0 . 0 0 . 0
c a s i i c o l a T e x a s  G r a n o  

D i s t i l l e d
5 . 3 0 . 0 0 . 0 0 . 0 0 . 0

W a t e r 4 . 9 9 8 . 0 1 0 0 1 0 0 1 0 0

C u r v u l a r i a R e d  c r e o l e 5 . 7 0 . 0 0 . 0 0 . 0 0 . 0

l u n a t a T e x a s  G r a n o  
D i s t i l l e d

5.3 0 . 0 0 . 0 0 . 0 0 . 0

W a t e r 4 . 9 62 . 4 9 2 . 0 9 3 . 0 95 . 3

F u s a r i u m R e d  C r e o l e 5. 7 0 . 0 0 . 0 0 . 0 0 . 0

o x v s p o r u m T e x a s  G r a n o  
D i s t i l l e d

5. 3 0 . 0 0 . 0 0 . 4 2. 7

W a t e r 4 . 9 8 9  . 7 8 9 . 7 8 9 . 7 8 9 . 7

T r i c h o d e r m a R e d  c r e o l e 5. 7 0 . 0 0 . 0 0 . 0 0 . 0

v i r i d e T e x a s  G r a n o  
D i s t i l l e d

5.3 0 . 0 0 . 0 0 . 0 0 . 0

W a t e r 4 . 9 0 . 0 5 . 2 5 .9 8 . 7
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T a b l e  5 9 :  G e r m i n a t i o n  o f  v a r i o u s  f u n g a l  s p o r e s  i n  u n d i l u t e d
e x t r a c t s  o f  T o m a t o  f r u i t  v a r i e t i e s  a t  3 0  ± 2 °c

s p o r e
% G e r m i n a t i o n  a f t e r  f o l l o w i n g  
h o u r s

V a r i e t y PH OD'sO
A i t e r n a r i a H e i n z 4 . 2 24  . 4 69  . 6 7 5 . 5
a l  t e r n a t a Roma 3 . 9 44  . 9 7 6  . 2 82  . 5
c o n i d i a w o s o w o s o 4 . 1 4 2 . 3 88  . 0 9 8 . 3

D i s t i l l e d
w a t e r 4 . 9 80  . 5 100 1 00

C u r v u l a r i a H e i n z 4 . 2 8 8 . 3 97 . 0 1 00
l u n a t a Roma 3 . 9 92  . 9 96  . 3 99  . 2
c o n i d i a w o s o w o s o

D i s t i l l e d
4 . 1 9 1 . 3 95  . 0 100

w a t e r 4 . 9 92  . 0 93  . 0 9 5 . 3

H e i m i n t h o s D o - H e i n z 4 . 2 93  . 0 97  . 6 1 00
r i u m  s p Roma 3 . 9 9 8  . 5 9 9  . 8 1 00
c o n i d i a w o s o w o s o

D i s t i l l e d
4 . 1 1 00 1 00 100

w a t e r 4 . 9 9 . 2 1 2 . 8 15

S v c e D h a i a -
s t r u m H e i n z 4 . 2 0 . 0 0.0 57 . 4
r a c e m o s u m Roma 3.9 0.0 0 . 0 95 .5

s p o r a n g i o - w o s o w o s o 4 . 1 0.0 0.0 60.7

s p o r e s D i s t i l l e d
W a t e r 4 . 9 0 . 0 0.0 o o
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T a b l e  60: G e r m i n a t i o n  o f  m a c r o c o n i d i a  o f  F u s a r i u m  o x y s p o r u m  i n
e x t r a c t  o f  T o m a t o  f r u i t s  a t  30 ± 2 °C

% G e r m i n a t i o n  a f t e r  f o l l o w i n g
T o m a t o  E x t r a c t  p H  ----------------------------------------------

V a r i e t y  D i l u t i o n  4 6 8

H e i n z U n d i l u t e d 4 2 17 8 1 0 0 1 0 0
1 : 1 4 1 25 9 100 1 00
1 : 2 4 1 49 9 1 0 0 1 0 0
1 : 5 4 1 65 2 1 00 1 0 0
1 : 10 4 1 1 0 0 1 0 0 1 0 0

R o m a U n d i l u t e d 3 9 16 6 86. 8 1 0 0
1 : 1 3 9 24 7 1 0 0 1 0 0

1 : 2 3 8 48 5 1 0 0 1 0 0

1 : 5 3 9 55 2 1 0 0 1 0 0

1 : 10 3 9 1 0 0 1 0 0 1 0 0

W o s o w o s o  U n d i l u t e d 4 1 14 0 16 . 4 1 0 0

1 : 1 4 2 16 0 59. 9 1 0 0

1 : 2 4 2 28 9 99. 4 1 0 0

1 : 5 4 1 37 6 1 0 0 1 0 0

1 : 10 4 1 1 0 0 1 0 0 1 0 0

D i s t i l l e d

W a t e r  4 . 9 95 . 7 1 0 0 100
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T a b l e  61: G e r m i n a t i o n  o f  C o n i d i a  o f  C. c a s i i c o l a  in

e x t r a c t  o f  O n i o n  a n d  f r u i t  o f  P e p p e r  a n d  T o m a t o  
a t  30 + 2 °C

P l a n t V a r i e t y
E x t r a c t

d i l u t i o n p H
% G e r m i n a t i o n  a f t e r

f o l l o w i n g  h o u r s ______
4 6 8

P e p p e r L o n g
F r u i t e d U n d i l u t e d 5 . 6 7 5 . 0 83 . 0 1 0 0

1 : 1 5 . 7 7 9 . 0 8 8 . 0 1 0 0
1 : 2 5 . 8 9 5 . 0 97 . 0 1 0 0
1 : 5 5 .9 94 . 0 9 7 . 0 1 0 0
1 :10 5 . 9 1 0 0 1 0 0 1 0 0

T o m a t o H e i n z U n d i l u t e d 4 . 2 69 . 0 90 1 0 0
1 : 1 4 . 1 65. 2 81 . 3 1 0 0
1 : 2 4 .1 74 . 2 90 . 8 1 0 0
1 : 5 4 .1 7 6 . 1 91. 4 1 0 0
1 :10 4 . 1 5 8 . 3 8 3 . 6 1 0 0

R o m a U n d i l u t e d 3 .9 6 5 . 1 76 . 2 1 0 0
1 : 1 3 . 9 7 4 . 9 8 6 . 8 1 0 0

1 : 2 3.8 78 . 6 89 . 3 1 0 0

1 : 5 3 .9 8 6  . 2 95 .1 1 0 0

1 :10 3.9 92 . 4 9 6 . 2 1 0 0

W o s o w o s o U n d i l u t e d 4 . 1 3 8 . 9 7 2 . 4 1 0 0

1 : 1 4 .2 89 . 2 90 . 6 1 0 0

1 : 2 4.2 76 . 3 9 0 . 8 10 0

1 : 5 4.1 70 . 2 93 . 5 10 0

1 :10 4 . 1 66 . 0 89 . 0 10 0

CVl«r\ R e d  C r e o l e U n d i l u t e d 5.7 0 . 0 0 . 0 0 . 0

1 : 1 5.7 0 . 0 0 . 0 0 . 0

1 : 2 5.7 0 . 0 0 . 0 0 . 0

1 : 5 5.7 0 . 0 1 . 0 2 . 0

1 :10 5.7 5.0 6. 0 8 . 5

T e x a s U n d i l u t e d 5.3 0 . 0 0 . 0 0 . 0

G r a n o 1 : 1 5.3 0 . 0 0 . 0 0 . 0

1 : 2 5.3 0 . 0 0 . 0 0 . 0

1 : 5 5.3 0 . 0 0 . 0 0 . 0

1 :10 5.3 0 . 0 0 . 0 0 . 0

D i s t i l l e d

W a t e r 4 . 9  8 4 . 2  9 5 . 6  9 7 . 5



All the spores germinated in distilled water except those of S. 

racemosum.

(c) Germination of macroconidia of Fusarium oxysporum in tomato fruit 

extracts

The conidia were germinated in the various dilutions of 

tomato fruit extracts indicated in Table 60. All the conidia 

germinated in 8 hours in distilled water and in the various 

media. Rate of germination was, however, faster in distilled 

water' than in the tomato fruit extracts.

(d) Germination of conidia of C. casiicola in various extracts

The results of germination tests using different dilutions 

of onion bulb extract, and extracts of fruits of pepper and 

tomato are shown in Table 61. The different dilutions of 

extracts of pepper and tomato fruits supported 100 per cent 

germination in 8 hours compared to 97.5 per cent in distilled 

water whereas no germination occurred in the extracts of Texas 

Grano bulbs and in the higher concentrations of extract of Red 

Creole bulbs.

175*



N - GROWTH OF C . CAS TT COT .A ( RF.RK AND CURTTS) C . T .  WT.T TN 

NATIJRAT, AND SFMT-SYNTHFTTC MF.DTA.

The data in Table also showed that C. casi ico 1 a grew at

different rates in the six natural and semi-synthetic media. Taking

t1-10 maximum mjrcelium dr}' weight achieved in each case, the media can be 

a-ranged in order of suitability for growth as follows:

Sweet potato dextrose > Potato dextrose > Cassava dextrose >Yeast 

extract > Pawpaw extract > V-R juice. Details of the statistical 

analysis are shown in Appendices K ( (i) and (ii).

The patterns of growth were quite varied:

(a) The fungus was still growing b3r the 10th day in the Sweet potato 

and Yeast extract media.

(b) Ntycelial drjr weight reached a maximum by the J^th dajr of

incubation in the Pawpaw extract and remained unchanged till the

•; end of incubation.

(c) The mycelial dry weight reached a maximum b}7 the 6th da}' of 

incubation in the Cassava dextrose, Potato dextrose and V-R juice 

and then declined.

As shown in Fig. 17, in all cases the pH drifted from initial 

pH’.s ranging from pH 4.2 to pH 5.9 to the alkaline side ranging from pH 

7.5 to pH 8.6, on the 10th day of incubation. Tn contrast, changes in 

the conductivi t}' of the media did not show a uniform trend. Tt 

increased in Sweet potato dextrose, V-R juice and Yeast extract media 

while it decreased in the Cassava dextrose, Pawpaw extract and Potato 

dextrose media during growth of the fungus.

Extent of growth differed in the extracts of the host plants as

174.
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TABLE 62: Growth of C. casiicola in broth of different natural media at 30+2°C
under normal day night conditions

Broth Mean Dry wt (m g)±S.E. of mycelium after following 
davs incubation
2 4 6 8 10

Cassava
Dextrose

43.0±0.6b 140.0+0.8c 180.0+0.5c 180.0+2.6c 108+1.5b

Pawpaw
Extract

20 .0+0.0a 4 7 .0 + 0 .6b 6 3 .0 + 0 .8b 9 0 .0 + 1 .0b 50.0+1.2a

Potato
Dextrose

53.0±1.8b 250.0 ±2.0d 270 .0+ 2 .5d 230.0+0.6d 246.0+0.9c

Sweet
Potato
Dextrose

6 3 .0 + 0 .8c 23 0 .0+ 2 .6a 27 6 .0+ 2 .8d 296.0+2.3b 313.0+0.6d

V-8 12 .5 + 0 .8a 52 .5 + 0 .5b 102.5+0.5c 6 7 .5 + 2 .8a 66.0+0.3a
Yeast
Extract

10.0±1.0a 3 7 .0 + 0 .8a 37.0+0.8a 86 .0 + 2 .0b 136.0+1.8b

By the calculated Scheffe’s Confidence Limit values in vertical rows bearing the same 
letters are not significantly different at 5% level of probability.
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Fig 17: HydrogenSort concentration and conductivity of different
natural media during growth of casiicola at 30±2°C.



shown by the data in Table 63. Analysis of variance and multiple range 

test of the data (Appendices N  j (i) and (ii) confirm the conclusions 

obtained. Growth was poorest in the pepper fruit extract. By the 8th 

day a maximum mycelium dry weight of 106.Omg was attained compared to 

a  value of 322.Omg of the mycelium in the onion bulb extract on the 

same day. The dry weights of the mycelia declined thereafter, in both 

media. The fungus was still growing in the tomato fruit extract by the 

10th day of incubation giving a mycelium d ry weight of 296.Omg. Fig. 

18 showed that the p H  of all the media was initially acidic - pH 5.5, 

5.2 and 4.6 for the extracts of onion bulbs, pepper fruits and tomato 

fruits, respectively. It shifted to the alkaline side (pH 7.9) in the 

onion bulb extract b y  the 10th day, while the p H’s of the remaining two 

media were still acidic (pH 5.6 and 5.7).

The conductivity decreased in the onion bulb extract from an 

initial 2.4 uS/cm to a final 1.4 uS/cm, but hardly changed in the 

pepper and tomato extracts as shown by Fig. 18.

17S
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TABLE 63: Growth of Ĉ . casiicola in extracts ot_€ml@fr'hulk and fruits
ot pepper and tomato at 30+2°C under normal day-night 
condition .

Time ot 
Incuba - 
tion 
(Days)

Mean dry weight 
extracts ot

(mg)±S.E. ot mycelium in

Onion bulb Pepper truit Tomato truit

2 22.0±2.0a hU.0+2.5b 28.0±2.0a

i* 90.0±2.5b 52.0+2.0a 116.0±2.5b

6 284.0±2.5c 58.0±2.0a 200.0±3.2b

8 322.0±2.0b 106.0±4.0a 276.0+2.5b

10 278.0+2.7b 87.5+2.5a 296. 0+4 .0b

By the calculated Schetfe's Contidence Limit values in horizontal rows 
bearing the same letters are not signiticantly different at 5% level ot 
significant.
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Fig. IQ : Hydrogen ion concentration and conductivity of culture
media of extracts of onion bulb and fruits of pepper and 
tomato during growth of C^ casiicola at 30°2°C.



O. E F F E C T  O F  T H T A M T N F .  O N  G R O W T H  O F  C. CASTTCOT.A

The results in Table 64 showed that external supplj' of

Thiamine at concentrations of 50-400ug/t great1y improved growth of C. 

casi i coI a , and the dr}' weight of the mj'celium almost doubled at these 

concentrations. A concentration of 100ug/i proved to be optimal for 

growth of the fungus, while 500ug/1 Thiamine depressed growth.

Changes in both pH and conductivity of the media were slight. 

The initial p H ’s, pH 4.4 - 4.5, shifted to pH 4.9 - 5.1. The 

conductivities of the media either remained the same or decreased very 

si i gh 11 .
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T a b l e  6 4 :  E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  T h i a m i n e  o n
g r o w t h  o f  C .  c a s i i c o l a  i n c u b a t e d  a t  r o o m  t e m p e r a t u r e
( 3 0  +  2 ° C )  f o r  8  d a y s

T h i a m i n e

C o n c e n 
t r a t i o n

( u g / l )

p H  o f M e d i u m
C o n d u c t i v i t y  o f  

M e d i u m  ( u S / c m ) M e a n  d r y  w e i g h t  
o f  m y c e l i u m  (mg) 
± S . E .I n i t i a l  F i n a l I n i t a l F i n a l

0 4 . 5 5 . 0 1 . 0 0 . 9 7 0 . 0 + 4 . 5

50 4 . 5 5 .1 1 . 0 0 . 9 1 3 0 . 0 + 4 . 5

1 0 0 4 . 4 5.1 1 . 0 0 . 9 1 4 4 . 0 + 2 . 5

2 0 0 4 . 5 4 . 9 1 . 0 0 . 9 1 3 8 . 0 + 3 . 8

3 0 0 4 . 5 5 .1 1 . 0 1 . 0 1 3 6 . 0 + 2 . 5

4 0 0 4 . 5 5 . 0 0 . 9 0 . 9 1 3 4 . 0 + 2 . 5

5 0 0 4 . 5 5 . 1 1. 0 0 . 9 1 0 4  . 0 + 2 . 5



P. PFFFCT OF TEMPERATURE ON GROWTH OF C. CASTTCOT A

Mean dry weights of mycelia. of 0. cas i i co I a growing at 10°, 2.3°, 

27°, .10' and 35°0 recorded at 2-day intervals over 10 days of incubation 

are presented in Table 65. Details of statistical analysis are shown 

in Appendices (i) and (ii). Growth was ver}' tard}' at 10°C. There 

was better growth at 35°C than 10°C but inferior to growth at 23°, 27° 

and 30V . Growth rates at these three temperatures were f a i r W  close 

and the mean nycelial dry weights by the 10th da}' were 210, 230 and 250 

mg, respectively. The best temperature was obviousW 30°C (Plate 1).

The pH, as indicated in Fig. 19 drifted from an initial pH of 5.9 

to the alkaline side (pH 7.0) in media at 23°, 27° and 30°C, while it 

rose to pH 6.R and 6.9, respectivelv in media at. 10° and 35°C bj' the 6th 

day and then fell to pH 6.1 and 6.0 respectively, by the 10th day.

The conductivi t.y of the media (Fig. 19) at 10-30°C decreased 

during the period of incubation, but increased in the medium at 35°C.

184
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TABLE : 65 Growth of Corvnespora casiicola in Sweet Potato Dextrose 
Broth at different temperatures under normal day-night 
regime

Temper
atures

M ea n  Dry wt (mg)±S.E. 
after following days

of mycelium formed 
incubation

°C 2 4 6 8 10

10 70±0.50a 70±0.80a 70±1.10a 80±1.60a 80±1.10a

23 113±2.50b 240±2.80c 245±4.30d 245±2.80d 210±1.80c

27 137±4.80c 226±3.70c 228±4.10c 240±3.20c 230±3.70c

30 150±4.50d 230±2.50c 236±3.70d 245±2.50c 250±2.89d

35 110±2.50b 163±3.20b 173±4.80b 150±3.70b 150±2.50b

By the calculated Scheffe's Confidence Limit values in vertical rows 
b earing the same letters are not significantly different at 5% level of 
probability
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Plate 1. Effect of temperature on growth of C. casiicola. 
(From left to right: 3 5°C, 3 0°C, 27°C/ 23°C
and 10°C). (xl/6).
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Fig 19 : Hydrogen ion concentration nnd conductivity of Sweet
Potato Dextrose Broth at different temperatures during 
growth of C^ casiicola
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C. casiicola grew well over a wide pH range of 3.09 to 8.80,with 

a broad optimum at pH 3.8 - 7.9 as shown in Table 66. The mean 

mycelial dry weights by the 10th day at this broad optimum pH ranged 

from 342.0 to 387.5mg and the small differences in weight were not 

statistically significant (p< 0.05). Details of the statistical 

analysis are shown in Appendices R  j (i) and (ii).

The initial conductivity of the media v aried very widely (Table 

67) being as low as 2.65 uS /cm at pH 2.6) and as high as 10.41 uS /cm 

at pH 7.9. Changes in the conductivity were rather slight in the 

majority of p H ’s.

Q. EFFECT OF PH ON GROWTH OF C. CAS 11 COLA
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TABLE 66: Growth of C. casiicola in buffered basal media of different initial pH’s
at 30+2°C under normal day night regime

Initial Mean Dry wt (m g)±S.E. after following day 
incubation

pH 4 6 8 10
2.61 74 .0±6.8a 137.5+8.5a 157.5+4.8a 160.0±4.5a
3.09 152.0±5.8b 21 2 .0+ 5 .8b 222 .5+ 4 .9b 245.0±5.8b
3.77 157.5+6.3d 238.0±8.6d 26 2 .0+ 5 .8d 366 .0+ 6 .Od
4.57 177.5±6.3e 262.0 + 9 .2e 328.0±9.7e 374.0±7.5e
5.67 182.5+8.5f 310.0+12 .3f 314 .0+ 6 .8f 389 .5±7 .5f
6.49 188.0+ 6.6e 278.0±6.6e 384 .0+ 6 .8e 34 2 .0+ 5 .8e
7.87 72 .5+3.0c 220.0+ 12.3c 2 8 0 .0 + 12.3c 340.0+4. lc
8.80 11 6 .0+ 8 .lb 184.0+6.8b 224.0+6.8b 27 8 .0+ 8 .6b

By the calculated Scheffe’s Confidence Limit values in vertical rows bearing the same 
letters are not significantly different at 5 % level of probability.
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T A B L E  : 67 I n i t i a l  a n d  F i n a l  p H  a n d  C o n d u c t i v i t y  of
b u f f e r e d  m e d i a  d u r i n g  g r o w t h  o f  C o r y n e s p o r a  
c a s i i c o l a  at 30±2°C u n d e r  n o r m a l  d a y / n i g h t  
r e g i m e  o v e r  10 d a y s

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ p H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
I n i t i a l  F i n a l

2.61 2 . 86

3 . 09 3 .21

3 . 77 4 . 25

4 .57 4 . 5 S

5 .67 5 . SI

6 .49 6 . 86

7 . S7 6. 99

,S . SO 7 . 43

C o n d u c t i v i t y  ( u S / c m )  

I n i t i a l  F i n a l

2. 65 2. 69

2. 63 3 . 6 1

4 . 93 4 .43

6. 00 5 . 8 1

7 . 20 6 . 69

9 . 0 1 S . 63

1 0 . 1 4 1 0 . 4 1

3 . 30 4 . 0 3



R . EFFEC T O F T.TGHT ON GROWTH OF C. CASTTCOT.A

T he data in Table 68 showed that continuous light significant1y 

(p£0.05) depressed growth of C. casi ico1 a . (Appendices IJ | (i) and 

(ii)). The final mean dry weights of mycelia growing in continuous 

light, continuous dark and 12h-da.rk/1 2h-1 ight regime were 390.0, 462.0 

and 532.5mg, respectively. The pH drifted from an initial pH 5.3 to 

final p H ’s of 7.2. 7.3 and 7 . 1; respective 13' (Fig. 20).

Changes in conductivity' of the media also showed similar trends 

under the three light conditions. Tt decreased from an initial 1.56 u>S 

/cm to respective final conductivities of 1.13, 1.14 and 1.10 UvS/cm.

19>{
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TABLE 68: Growth of C. casi icola in Sweet Potato Dextrose 
Broth under different light conditions at 30+2°C

Time of 

Incuba
tion 

(D a y s )

Mean Dry wt (ms)+S.E. of mycelium grown in
Continuous
Light

Continuous
Dark

12hrs light/ 
12hrs dark

2 74.0+2.5a 66.0+3.7a 74.0+5.4a

4 166.0+3.2a 210.0+2.8b 198.0±3.4b

6 360.0+3.2a 404.0+3.5b 426.0+3.4b

8 382.0+3.0a 450.0+4.0b 440.0+2.9b

10 390.0+3.6a 462.0+3.9b 532.0+3.4c

By the calculated Scheffe’s Confidence Limit values in horizontal,bearing the same le t te r s  are not s ig n ifican tly  d iffe ren t at 5 %of p robability
rows 
1 eve 1
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y----
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LIGHT

CONTINUOUS

DARK

12 HR LIGHT/ 
12 HR DARK

Fig. 20 : Hydrogen ion concentration and conductivity of culture
media during growth of Cj_ casiicola' under different light 
conditions of 30 ± 2°C.



s. EFFECT OF DIFFERENT CARBON SOURCES ON GROWTH O F C .  C A S I I C O L A

Growth in a basic culture medium containing different 

carbohydrates was not as great as that of the natural media. The 

highest mean mycelial dry weight attained was 102.5mg in the Galactose 

medium, and the lowest was 27.5mg in the Lactose medium. The various 

sets of mean dry weights recorded are indicated in Table 69. Lactose 

and sucrose supported the poorest growth (27.5 and 28.0mg dry weight, 

respectively) inferior even to the control medium (40.0mg dry weight) 

(Plate 2). Fructose, Glucose and Mannose provided final mean mycelial 

dry weights of 62.0, 60.0 and 50.0 mg, respectively, while a mean dry 

weight of 85.0 mg was obtained in the Maltose medium. Details of the 

statistical analysis are shown in Appendices X  j (i) and (ii).

The initial p H ’s shown in Fig. 21 ranged from pH 4.8 in the 

Fructose medium to pH 5.6 in the Glucose medium. The changes in pH 

during growth of the fungus divide the media into three groups:

(a) pH drifted to the acidic side in the Fructose and Mannose media;

(b) pH shifted only slightly to the alkaline side in the Maltose and 

Sucrose media; and

(c) pH shifted markedly to the alkaline side in the Galactose, 

Glucose, Lactose and Control media.

The conductivity almost doubled in the Lactose and Control media, 

rose in the Glucose and Mannose media and barely changed in the 

Fructose, Galactose, Maltose and Sucrose media.

19*9-
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TABLE 69 Growth ot C . casiicoia in basal medium containing dittei'ent 
carbon compounds at a concentration ot 1% (w/v) at 30±2°C 
under normal day ■. night condition.

Carbon Mean dry weight (mm)±S.E. ot mycelium tormed
Compound in the following days ot incubation__________

4 6 8 10

Fructose . 16 . 0±2. 5d 28 . 0±2.0e 55 . 0±2. 9e 62 . 0±2. Od

Galactose 24. 0±2.5t 46. 0±2.5h 84. 0±4 .Oh 102. 5±2.5$

Glucose 28 . 0±2.0e 38 . 0±2.Ot 66 . 0±2■ 51 60 . 0±3 • 2 rd

Lactose 10. 0±2.0a 22. 0±2.0a 22. 0±2 .0a 27. 5±2 .5a

Maltose 14 . 0±2. 5 a 38 . 0±2• 0g 70 . 0±7•^g 85 . 0±2.92

Mannose 14. 0±2.5a 36. 0±2 .5d 46 .6±2 .5d 50. 0±5.8cc

Sucrose 22 . 0±2 .Ob 42 . 0±2. 0c 32 . 5±2. 5c 28 . 0±2.001

None 10. 0±2.0a 16. 0±2.5b 28. 0±2.Ob 40. 0±4.lb

By the calculated Schette's Contidence Limit values in vertical rows 
bearing the same letters are not significantly ditterent at 5% level ot 
probability.
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P la t e  2 . G row th o f  C. c a s i i c o l a  i n  b a s a l  medium c o n ta in in g  d i f f e r e n t  
c a r b o h y d ra te s  a t  3 0 °C.
( Frcm l e f t  t o  r i g h t :  C o n t r o l ,  M annose, S u c ro se , M a l t o s e ,
G a la c to s e ,  F r u c to s e ,  G lu c o se  and  L a c to s e ) ,  ( x l / 7 ) .
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Fig. 21 : Hydrogen ion concentration and conductivity of
different media during growth of C ^  casiicola 

at 30± 2°C.
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T. EFFECT OF DIFFERENT CONCENTRATIONS OF GT.UCOSF. ON GROWTH OF C.

CAST TCOT.A

The data in Table 70 show the extent of growth of C. casi i coI a in 

basal medium containing 1.5, 2.0 and 3.0 per cent Glucose. To

summarise the effects:

Glucose concentrations of 1.5, 2.0 and 3.0 per cent supported 

growth of C. casi i col a to the same extent, i.e. 152.0, 150.0 and 

154.Omg mean dry weight, respective1}r. Growth was, however, 

faster, in the 3.0 per cent medium, reaching a peak by the 8th day 

(Table 70). Analysis of variance and multiple range test of the 

data on Glucose concentrations confirm these observations 

(Appendices A  ̂ (i) and (ii)). Roth the pH and conduct ivi tjr of the 

different Glucose media did not change to anjr significant degree 

as shown in Fig. 22.
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TABLE 70: Growth of C. casiico1a in basal medium containing different
amounts of Glucose at 30±2°C under normal dav-nigbt regime.

Incuba- Mean dry weight (mm) ±S.E. of mycelium in
tion media with following glucose concentration (%)
Time
(Days) 0 .0 1 .5 2 .0 3 .0
2 7 .5 + 2 .5a 1 7 .5 + 2 .5b 2 2 .5 + 2 .5c 3 0 .0 + 2 .5d
4 2 2 .0 ± 2 .0 a 3 0 .0 + 3 .2b 6 2 .0 + 2 .0 ^ 5 0 .0 + 3 .2d
6 3 6 .0 + 2 .5a 7 4 .0 1 2 .5b 9 6 .0 + 4 .0c 1 1 4 .0 + 2 .5d
8 3 7 .0 + 2 .0 a 8 6 .0 + 2 .5b 9 8 .0 + 3 .7C 154.0+2.5(1

10 5 0 .0 + 3 .2a 1 5 2 .0 + 3 .7& 1 5 0 .0 + 4 .l c 118.0+2.8t

By the calculated Scheffe’s Confidence Limit values in horizontal rows
bearing the same letters are not significantly different at 5% level of

probabi1ity.
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GLUCOSE

TIME OF INCUBATION (DAYS)

pig. 22 ' Hydrogen ion concentration and conductivity of culture 
medium with different’amounts of Glucose during growth

of C. casiicola at 30±2°C.



U. TNFT.IIENCF. OF NTTROOF.N COMPOUNDS ON GROWTH OF C .  C A S T T C O I . A

The effects of seven nitrogen compounds, Ammonium chloride, 

Ammonium nitrate, Ammonium sulphate, Asparagine, Aspartic acid, 

Potassium nitrate and sodium nitrate on growth of the fungus presented 

in Table 71. can be summarised as follows:

(a) Growth was inferior in the Ammonium chloride and Ammonium

sulphate media to growth in the control.

(b) Growth was greater in the Ammonium nitrate, Asparagine, Aspartic

acid, Potassium nitrate and Sodium nitrate media, than in the 

control medium.

(c) Tn media, producing greater growth than the control, maximum

growth was attained by the 8th day in the Ammonium nitrate and 

ASpartic acid media while the highest mean mycelial dry weight 

was recorded on the IOth da}' in the Asparagine, Potassium nitrate 

and Sodium nitrate media.

(d) Asparagine, Potassium nitrate and Sodium nitrate media produced

the highest mean ntycelia d n r weights of 247.5, 245.0 and 245.Omg,

respectively. Details of the statistical analysis are shown in 

Appendices D , (i) and (i i) .

Figure 23 shows that the pH of the Aspartic acid medium did not 

change^recording pH of either 3.0 or 3.1 over the 10 days, while the

following media: Ammonium chloride (from pH 5.4 to 2.4), Ammonium

nitrate (from pH 5.0 to 2.8) and Ammonium sulphate (from pH 4.4 to 2.6) 

became very acid, and the pH shifted to the alkaline side in the 

Asparagine medium (pH 5.7 to 7.6) and the neutral range in the Sodium

n i t rate med i um pH 5.4 to 6.3).

0.0 I



T A B L E  71: Growth of Q. casiicola in basal medium containing different Nitrogen compounds at 30±2°C under normal day night light 
condition.

Incuba
tion
Time
(Days)

Mean Drv wt (me) +  S.E. of mvcelium in media with following Nitrogen comoounds
None Ammonium

Chloride
Ammonium
Nitrate

Ammonium
sulphate

D-L
Asparagine

L-Aspartic
acid

Potassium
nitrate

Sodium
nitrate

2 34 .0 + 2 .2b 3 2 .0 + 1 .8b 3 0 .0 + 2 .0b 20.0+0.0a 2 8 .0 + 1 .8b 3 2 .0 + 3 .6b 3 4 .0 + 2 .2c 24.5 + 1.8a
4 102.0±5.8b 118.0+3.7c 174.0+5. le 80 .0 + 3 .2a 142.0+3.7d 106.0+ 4.0b 116.0+2.5c 112.0+3.7c
6 200.0 ±4.5d 188.0+ 5.8c 190.0+3.7c 88 .0 + 3 .7a 182.0+8.0c 2 0 2 .0 + 5 .8d 152.0+4.9b 186 .0+ 5 .1c
S 196.0±2.5b 138.0+2.0a 208 .0+ 4 .5c 142.0+3.7a 220.0 + 7 . Id 220.0+3.2d 242.0 + 3 .7e 196.0+4.0b
10 170.0±4.1c 137.5+  6.3a 208 .0+ 3 .7e 147.5+4.8b 247 .0+ 6 .3e 195.0+2.9d 245.0+ 6.5f 245 .0+ 2 .9f

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the same letters are not signficantly different at 5 %  level of
probability.
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Fig- 23 : Hydrogen ion concentration and conductivity of media with
different Nitrogen compounds during growth of casiicola

at 30 ± 2°C.



The pH of the Potassium nitrate medium, on the other hand, rose 

from pH 5.5 to 6.2 during the first four day's and fell hack to pH 5.4 

by the 10t.h day.

The conductivities of the media showed very little change except 

in;the Asparagine medium where it rose from 1.2 to 2.2 uS /cm and in 

the Sodium nitrate medium where it fell from 8.1 to 7.1 uS /cm.

20 ̂



v • T N F T .1I F N C F  O F  D T F F F . R E N T  TN O R G A N T G  T O N S  O N  G R O W T H  O F  C. C.ASTTCOJ.A

The different inorganic ions were used at different 

concentrations as shown in Tables 72, 73, 74, 75 and 76, and their 

effects cannot, therefore, be compared.

(a) CaClj- 2HjO (Table 72) supported better growth at concentrations 

of 14.0 and 29.0 x 10^M than at 75.0 x 10’Sf. Growth was fastest 

at 29.0 x 10 Si. Details of the statistical analysis are shown in 

Appendices G  ̂ (i) and (ii). The pH’s of the media rose and then 

fell back to almost the initial level, while conductivities 

remained unchanged (Fig. 24 ).

(b) KG 1 at concentrations of 8.0 and 12.0 x 10"'1M significantly

(p< 0.05 ) supported greater growth than 4.0 x 1 0 'V (Table 73: 

Appendices .T 9 (i) and (ii); Plate 3). Roth pH and conductivity 

o: tffthe media showed no or very little, change (Fig. 25 ).

(c) KjSO^ at a concentration of 5.7 x 10"'M was not significantly (p< 

0.05) a better medium for growth than 11.0 and 17.0 x 10~Sf (Table 

74; Appendices M 2 (i) and (ii)). Tn all. the initial pH of 5.0 

shifted to nH 6.7 - 6.9. while conductivity hardly changed (Fig. 

26) .

(e ) MsC 1 j at. a concentration of 10.0 x 10"'M supported greater growth 

than at 5.0 and 15.0 x 10''M (Table 75; Plate 4). Details of 

statistical analysis are shown in Appendices P 2 (i) (ii)-

The initial acidic pH’s (pH 4.6 - 4.9) became more acidic (pH 3.6 

- 4.0) at the end of .the incubation period, while the

conductivity of the media showed practically no change (Fig. 27).

20 f
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TABLE 72: Growth of C. casiicola in basal medium containing different amounts
of CaCl2.2H20  at 30±2°C under normal day night conditions.

Incuba Mean dry wt (m g)±S.E. of mycelium in media
tion with following CaCl„.21-LO concentrations fXlO^MI
Time
(Days) 0.0 14.0 29.0 75.0
2 14.0±2.5a 12.0+2.0a 24 .0 + 2 .5b 24 .0 + 2 .5b
4 70.0±8.4b 4 0 .0 + 5 .5a 170.0+4.5c 2 8 .0 + 3 .7a
6 116.0±5. la 142.0+8.0a 176 .0+ 8 .lb 9 6 .0 + 6 .8a
8 126.0+ 6.0a 180.0+5.5b 178.0+3.7b 155.0+5.0a

10 195 .5+ 4 .8a 240 .0+ 9 .2a 24 2 .5+ 6 .3b 21 5 .0+ 6 .5b

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the 
same letters are not significantly different at 5 % level of probability.
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( X  10 6 )

7 5 .0

T I M E  O F  I N C U B A T I O N  (DAYS)

Fig- 24 H y d r o g e n  i o n  c o n c e n t r a t i o n  a n d  c o n d u c t i v i t y  of m e d i a  w i t h

d i f f e r e n t  a m o u n t s  of C a C l 2 . 2 H 20  d u r i n g  g r o w t h  of c a s i i c o l a  

at 30± 2'C.
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TABLE 73: Growth of C. casiicola in basal medium containing different amounts
of KC1 at 30±2°C under normal day night conditions.

Incuba Mean dry weight (m g)±S.E. of mycelium in
tion media with following KC1 concentrations (X10'3M)
Time
(Days) 0 .0 4 .0 8.0 12.0

2 2 4 .0 + 2 .5a 3 6 .0 + 2 .5b 4 4 .0 + 4 .0b 4 4 .0 ± 4 .0 b

4 3 4 .0 + 2 .5a 6 0 .0 + 3 .2b 7 2 .0 + 2 .0 C 76.0+2.5(1

6 5 0 .0 + 4 . la 9 8 .0 + 1 1 .lb 110 .0+ 4 .5C 108.0±2.0d

8 7 2 .5 + 4 .8b 1 8 5 .0 + 6 .5 2 c 5 4 .0 + 2 .5a 1 9 6 + 10.3d

10 6 2 .5 + 4 .8a 1 5 7 .5 + 8 .5b 2 0 0 .0 + 5 .8c 197.5+7.5d

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the
same letters are not significantly different at 5 %  level of probability.



P l a t e  3 . E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  KC1 on  g row th  
o f  C. c a s i i c o l a  a t  30°C . __ __
(From  l e f t  t o  r i g h t :  12 .0 x1 0  M, 8 .0 x 1 0  M,
4 .0 x 1 0  and  C o n t r o l ) ,  ( x l / 6 ) .



2 i O

-

m

~r
■  wd f | ■ J g

CONC_-.
( x  1 0  M )

%

TIME OF INCUBATION (DAYS)

Fig. 25 • Hydrogen ion concentration and conductivity of media with 
different amounts of KCt during growth of C. casiicola at 
30±2°C.
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TABLE 74: Growth of C. casiicola in basal medium containing different amounts
of K2S04 at 30+2°C under normal day night conditions.

Incuba
tion
Time
(Days)

Mean dry wt (mg)+ S.E. of mycelium in media 
with following K,SO, concentrations (X10'3M)

0.0 5.7 11.0 17.0
2 30 .0+4. la 25.0+2.9b 22 .5 + 2 .5b 30.0±4.1a
4 86.0±6.8b 6 2 .0 + 5 .8a 80 .0+ 5.5b 90 .0 + 3 .2b
6 186.0±7.8a 198.0+5.8a 216.0±7.5b 180.0+4.5a
8 170.0+5.5a 318.0+3.7b 242 .0+ 8 .0b 236.0+ 9 .3b

10 142.0+ 5.8a 254 .0+ 7 .0b 276.0+5. lb 264.0±7.5b

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the 
same letters are not significantly different at 5% level of probability.
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Fig. 26 : Hydrogen ion concentration and conductivity of media with
different amounts of K„S0, during growth of :C • casiicola at 

30±2°C.
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TABLE 75: Growth of C. casiicola in basal medium containing different amounts
of MgCl2 at 30+2°C under normal day night conditions.

Incuba
tion
Time
(Days)

Mean dry weight (mg) +S.E . of mycelium in 
media with following MeCL, concentrations fX10-4M'>

0.0 5.0 10.0 15.0
2 . 30 .0+2.0a 32.5±2.5b 32.5±2.5b 37 .5±4.8c
4 8 2 .5 + 4 .8a 102.0+2.7b 96.0±2.5b 88 .0 + 3 .7c
6 225.0 ±6.5a 247.5 + 13.8b 257.5 + 13.8b 197.5±8.5c
8 207.5±6.5a 220.0±6.5b 242.0+ 11 .6b 198.0±9.7c

10 2 1 0 .0+ 6 .3b 226.0±4.0b 222.0±4.9b 150.0±8.7c

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the
same letters are not significantly different at 5 % level of probability.
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P l a t e  4 .  E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  M gC^ on g ro w th  
o f  C. c a s i i c o l a  a t  3 0 °C. .
(From  l e f t  t o  r i g h t :  C o n t r o l ,  5 .0 x l0 -  M, 1 0 .0 x 1 0 ” M
a n d  1 5 .0x I 0-4 M ). ( x l / 6 ) .
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Fig. 27 : Hydrogen in concentration and conductivity of media
with different amounts of MgCl2 during growth of 
C. casiicola at 30± 2°C.



TABLE 76: Growth of C. casiicola in basal medium containing different amounts
of NaH2P04.2H20  at 30+2°C under normal day night conditions.

Incuba
tion
Time
(Days)

Mean dry wt (mg)+S.E. of mycelium in media 
with followine NaH ,P0,.2H ,0 concentrations fX’10-4M1

0.0 22.0 45.0 65.0
2 22 .5 + 2 .5a 22 .5 + 2 .5a 2 2 .5 + 2 .5a 32 .5 + 2 .5b
4 32.0+2.0a 4 8 .0 + 2 .0b 40 .0 + 4 .4c 36 .0 + 4 .4c
6 54 .0+4.0a 90 .0 + 6 .3b 80.0±6.3b 96 .0 + 2 .5c
8 74 .0±4.0a 98.0+2.0a 116.0+ 5.lc 126.0+5. lc

10 86.0+5. lb 9 4 .0 + 5 .lc 5 8 .0 + 5 .8a 58.0±3.7a

By the calculated Scheffe’s Confidence Limit values in horizontal rows bearing the
same letters are not significantly different at 5 % level of probability.



NaHjPOj. 2H,0 at a concentration of 45.0 and 65.0 x 10~*M supported 

poorer growth than the control and growth at 22.0 x 10*M was only 

slight 1v better than in the control medium (Table 76; Plate 5). 

Statistical analysis of NaHjPO^. SI-̂ O concentrations are shown in 

Appendices >S  ̂(i) and (ii). Changes in the p H ’s was very small, 

the initial (pH 4.1 -4.3) and final (pH 4.1 - 4.5) being both 

acidic. Conductivity of the media also hardly changed (Fig. 28).



2 12

P l a t e  5 . E f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  Naf^PO^^HLpO 
on g ro w th  o f  C. c a s i i c o l a  a t  3 0 °C. .
(F ra n  l e f t  t o  r i g h t :  C o n t r o l ,  2 2 .0 x1 0  M,
4 5 .0 x 1 0  and  6 5 .0 x 1 0  M ). ( x l / 6 ) .
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Fig. 28 : Hydrogen ion concentration and conductivity of media with
different amounts of Nal^PO^.2H20 during growth of C_̂  casiicola. 
at 30±2°C.
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GENERAL DISCUSSION

2%®

Rapid rotting of perishables has been a source of 

eternal worry to farmers of the tropical and sub-tropical 

latitudes. In addition to changes caused by internal 

enzymatic action because of the high moisture content, the 

high atmospheric temperatures and humidities support high 

pre-penetration activities of the pathogens and hasten the 

processes of both penetration and rotting. Sun-drying of 

products is recognised not only in Ghana but in other parts 

of the tropics as a long term measure for preserving many 

perishables for use at a later date. Even then, the 

products exposed during sun-drying serve as suitable 

substratum for some fungi and these contaminants form a 

constant feature of the products.

Some of these contaminants are, however, not 'new 

a r r i v a l s’ but are passengers carried over from the field. 

Concern has, therefore, been often shown of the quality and 

quantity of field contaminants which to some extent 

determine the shelf life of the harvested products and 

keeping value of dried products. The a u t h o r’s attention 

has been attracted by the dearth of information on 

contaminant fungi of plants in Ghana, and relevant studies 

have been duly carried out on four important crop plants, 

okra, onion, pepper and tomato, examining also, where 

feasible, the importance of crop variety. Onion bulbs are 

not processed in Ghana but are stored whole. A small 

proportion of locally produced tomato fruits is canned.



O k r a  a n d  p e p p e r  f r u i t s  a r e  s u n - d r i e d  b e f o r e  s t o r i n g .  T h e  

c o n t a m i n a n t s  o f  f r u i t s  o f  o k r a ,  p e p p e r  a n d  t o m a t o  a r e  

a e r i a l ,  - o c c u r r i n g  m a i n l y  a s  s p o r e s ,  w h i l e  t h o s e  o f  o n i o n  

b u l b s  in s t o r a g e  a r e  p a r t l y  s u b t e r r a n e a n  a n d  p a r t l y  a e r i a l .

F u n g a l  s p o r e s  in t h e  a t m o s p h e r e  b e h a v e  a s  i n e r t  

p a r t i c l e s .  T h e y  m o v e  in all d i r e c t i o n s  u n d e r  n o r m a l  a i r  

t u r b u l e n c e  a n d  s e d i m e n t  o n l y  in c a l m  c o n d i t i o n s .  

D e p o s i t i o n  m a y  o c c u r  b y  a n u m b e r  o f  m e t h o d s ,  f o r  e x a m p l e ,  

i m p a c t i o n ,  s e d i m e n t a t i o n ,  t u r b u l e n t  d e p o s i t i o n ,  r a i n -  

s c r u b b i n g  a n d  e l e c t r o s t a t i c  d e p o s i t i o n .  T h e  p r o c e s s e s  

i n v o l v e d  h a v e  b e e n  e x t e n s i v e l y  i n v e s t i g a t e d  ( G r e g o r y ,  195 0,  

1 9 5 1 ;  G r e g o r y  a n d  S t e d m a n ,  1 9 5 3 ;  H i r s t ,  1 9 5 9 )  a n d  a r e  v e r y  

w e l l  u n d e r s t o o d .  W h a t e v e r  it is, d e p o s i t i o n  o f  s p o r e s  is a 

r a n d o m  p r o c e s s .  In t h i s  i n v e s t i g a t i o n ,  it w a s  a s s u m e d  t h a t  

t h e  c h a n c e s  o f  d e p o s i t i o n  o n  t h e  p l a n t s  a n d  o n  h o r i z o n t a l l y  

p l a c e d  e x p o s e d  a g a r  p l a t e s  w o u l d  b e  a p p r o x i m a t e l y  t h e  s a m e  

a n d  t h e  r e s u l t s  w o u l d  b e  c o m p a r a b l e .  H o w e v e r ,  it is 

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

s.pores o f  f o l i a g e  f a c u l t a t i t v e  p a r a s i t e s  a r e  a b l e  to a d h e r e  

q u i c k l y  to l e a f  s u r f a c e s  b e f o r e  b e i n g  l o s t  in ' r u n - o f f ’ 

w a t e r  f i 1 m s .

T h e  a i r - s p o r a  at d i f f e r e n t  s p o t s  in a l o c a l i t y  u n d e r  

t h e  s a m e  m e t e o r o l o g i c a l  c o n d i t i o n s  w o u l d  b e  e x p e c t e d  to 

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

s p o r a  at t h e t h r e e  s i t e s  o f  s p o r e  t r a p p i n g ,  n a m e l y ,  t h e 

E x p e r i m e n t a l  P l o t ,  U n i v e r s i t y  F a r m  a n d  t h e  P r i v a t e  F a r m ,  

a l l w i t h i n  a r a d i u s  o f  o n e  k i l o m e t e r ,  h o w e v e r ,  s h o w e d  

s i m i l a r i t i e s  in s o m e  a s p e c t s  a n d  m a r k e d  d i f f e r e n c e s  in



o t h e r s .
T h e  s a m e  f u n g a l  s p e c i e s  w e r e  r e c o r d e d  as t h e  d o m i n a n t  

s p e c i e s  at a l l t h e  t h r e e  s i t e s .  T h e s e  w e r e ,  in o r d e r  o f  

d e c r e a s i n g  m a g n i t u d e ,  C 1a d o s p o r  i u m  h e r b a r u m , F u s  ar i u m  

o x y s p o r u m , A s p e r g i l l u s  n i g e r , N i g r o s p o r a  sp. a n d  C u r v u 1a r  i a 

l u n a t a  ( s e e  T a b l e  8). H o w e v e r ,  d u r i n g  t h e  t w o  y e a r s ,  ( 1 9 8 9  

a n d  1 9 9 0 )  w h e n  t h e  a i r - s p o r a  w a s  s t u d i e d  at t h e  t h r e e  

s i t e s ,  v e r y  d i f f e r e n t  p a t t e r n s  o f  o c c u r r e n c e  w e r e  r e c o r d e d .  

W h e r e a s  a s i n g l e  p e a k  w a s  r e c o r d e d  in J a n u a r y - F e b r u a r y ,

1 9 8 9  at t h e  E x p e r i m e n t a l  P l o t ,  t h e r e  w e r e  t w o  p e a k s  at t h e  

U n i v e r s i t y  F a r m ,  o n e  in J a n u a r y  1 9 8 9  a n d  a n o t h e r  in 

F e b r u a r y -  ^ p r i l ,  1 9 9 0 ,  a n d  a s i n g l e  d i s t i n c t  p e a k  in J u n e

1 9 9 0  at t h e  P r i v a t e  F a r m  ( s e e  F i g .  8).

B e c a u s e  o f  t h e  s t a g g e r e d  p e a k s ,  t a k i n g  t h e  t h r e e  s i t e s  

t o g e t h e r ,  it w a s  n o t  p o s s i b l e  to e x p l a i n  t h e  o b s e r v a t i o n s  

in t e r m s  o f  t h e  p r e v a i l i n g  c l i m a t i c  c o n d i t i o n s  ( s e e  Fig?* 5, 

6 «and 7). J a n u a r y  - F e b r u a r y  w a s  d r y  w i t h  n o  r a i n s  w h i l e  

t h e  r a i n y  s e a s o n  o c c u r r e d  in A p r i l  - J u n e  ( s e e  F i g .  5). A n  

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

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

s o u r c e s  o f  t h e  s p o r e s .  It is w e l l  k n o w n  t h a t  t h e m a j o r i t y  

o f  s p o r e s  d o  n o t  t r a v e l  f a r  f r o m  t h e i r  p o i n t  o f  o r i g i n .  In 

c a l m  c o n d i t i o n s  o n l y  a b o u t  0 . 0 5  p e r  c e n t  o f  t h e  s p o r e s  

w o u l d  b e  e x p e c t e d  t o  t r a v e l  f a r t h e r  t h a n  100 m e t e r s  f r o m  a 

s o u r c e  c l o s e  to t h e  g r o u n d ;  in d u l l  w i n d y  w e a t h e r  t h i s  

i n c r e a s e s  to a b o u t  10 p e r  c e n t ,  w h i l s t  o n  a w a r m  s u n n y  d a y  

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

(B u r c h i  1 1 , 1 9 6 6 ) .  C o n d i t i o n s  a r o u n d  L e g o n  C o u l d  b e l o n g  to
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t h e  f i r s t  a n d  s e c o n d  c a t e g o r i e s .

A s e c o n d  f a c t o r  w o u l d  b e  t h e  a m o u n t  o f  s p o r e s  r e l e a s e d  

at e a c h  s i t e .  It is r e a s o n a b l e  to a s s u m e  t h a t  t h e  

d e n s i t i e s  o f  s p o r e s  r e l e a s e d  at t h e  d i f f e r e n t  l o c a l i t i e s  

w o u l d  b e  q u i t e  d i f f e r e n t .  A  t h i r d  p o s s i b l e  f a c t o r  is th a t ,  

o p e r a t i o n s  at t h e s e  l o c a l i t i e s ,  s u c h  a s  m o w i n g  w h i c h  w o u l d  

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

d i f f e r e n t  t i m e s  at t h e  t h r e e  s i t e s .

T h e  p r e d o m i n a n c e  o f  C. h e r b a r u m  a g r e e s  w i t h  r e s u l t s  of  

s t u d i e s  o n ' t h e  a i r - s p o r a  in m a n y  c o u n t r i e s  ( G r e g o r y ,  19 61 ; 

H i r s t ,  1 9 5 9 ;  I n g o l d ,  1 9 6 5 ) .  T h e  s p o r e s  o f  C. h e r b a r u m  a r e  

t h e  c o m m o n e s t  in t h e  o u t - d o o r  a i r - s p o r a :  G r e g o r y  a n d  H i r s t  

( 1 9 5 7 )  r e c o r d e d  a m a x i m u m  c o n c e n t r a t i o n  o f  3 7 , 0 0 0  s p o r e s / m ^  

a i r  a n d  B a r u a h  ( 1 9 6 1 )  r e c o r d e d  a m a x i m u m  o f  1.5 m i l l i o n  

s p o r e s / m 5 o f  a i r .  P l a n t  p a t h o g e n s  w h i c h  w e r e  o f  f a i r l y  h i g h  

f r e q u e n c i e s  in t h e  a i r  at t h e  t h r e e  s i t e s  o f  t h i s  

i n v e s t i g a t i o n  w e r e  F u s a r  i u m  o x v s p o r u m , C u r v u 1a r i a  l u n a t a  

a n d  N i e r o s p o r a  sp.

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

B e c a u s e  o f  t h i s  t h e y  h a r d l y  e v e r  a p p e a r e d  o n  a g a r  p l a t e s  

d u r i n g  s t u d i e s  o f  t h e  a i r - s p o r a .  It w a s ,  t h e r e f o r e ,  n o t  

s u r p r i s i n g  t h a t  a l t h o u g h  n o  C e r c o s p o r a  sp. w a s  r e c o r d e d ,  

p l a n t s  o f  t h e  t h r e e  t o m a t o  v a r i e t i e s ,  H e i n z ,  R o m a  a n d  

W o s o w o s o ,  w e r e  h e a v i l y  i n f e c t e d  b y  C e r c o s p o r a  s p . ( s e e  Fig. 

1 0) .  C o n i d i a  o f  C e r c o s p o r a  sp. a r e  f o r m e d  o n  c o n i d i o p h o r e s  

p r o j e c t i n g  w e l l  a b o v e  t h e  s u r f a c e  o f  t h e  p l a n t  o r g a n s  t h e y  

h a v e  i n f e c t e d ,  a n d  t r a p p i n g  s p o r e s  b y  m e t h o d s  o t h e r  t h a n  

a g a r  p l a t e s  h a s  d e m o n s t r a t e d  t h a t  a b u n d a n t  d r y  c o n i d i a  of
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C e r c o s p o r a s  a r e  u s u a l l y  d i s p e r s e d  b y  w i n d  (eg. T h o m a s ,  

1 9 4 3 ) .  S i m i l a r i l y ,  t h e  p o w d e r y  mi 1 d e w , L e  i v e  i 1 1 u 1 a t a u r  i ca 

w h i c h  i n f e c t e d  t h e  p e p p e r  p l a n t s  w i l l  c e r t a i n l y ,  n o t  g r o w  

o n  a g a r  m e d i a  b e c a u s e  it is a n  o b l i g a t e  p a r a s i t e ,  a n d  c o u l d  

n o t ,  t h e r e f o r e ,  b e  t r a p p e d  in t h i s  i n v e s t i g a t i o n .

T h e  t h r e e  v a r i e t i e s  o f  t o m a t o  e x h i b i t e d  d i f f e r e n t  

d e g r e e s  o f  s u s c e p t i b i l i t y  to t h e  C e r c o s p o r a  l e a f  s p o t  

d i s e a s e .  W o s o w o s o  v a r i e t y  w a s  l e s s  s u s c e p t i b l e ,  e s p e c i a l l y  

in t h e  r a i n y  s e a s o n  ( s e e  F i g .  9) t h a n  t h e  o t h e r  t w o  

v a r i e t i e s .  T h a t  w a s  a r e m a r k a b l e  o b s e r v a t i o n  f o r  t h e  t w o  

m o r e  s u s c e p t i b l e  v a r i e t i e s ,  H e i n z  a n d  R o m a ,  a r e  f o r e i g n ,  

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

p a t h o g e n s .  It h a s  n o t  b e e n  p o s s i b l e  to c a r r y

i n v e s t i g a t i o n s  h e r e  b e y o n d  m e r e  r e c o r d i n g  o f  t h e  

d i f f e r e n c e s  in s u s c e p t i b i l i t y  o f  t h e  t o m a t o  v a r i e t i e s ,  a n d,  

it w i l l  b e  f u t i l e  e v e n  to s p e c u l a t e  o n  t h e  c a u s e  o f  t h e  

r e s i s t a n c e  s h o w n  b y  t h e  W o s o w o s o  v a r i e t y .  T h i s  c o u l d  be 

t h e  s u b j e c t  o f  f u t u r e  i n v e s t i g a t i o n s .  S o m e  o f  t h e  t o m a t o  

p l a n t s  w e r e  s t a k e d ,  o t h e r s  w e r e  n o t .  T h e  g r e a t e r  r a t e  of 

i n f e c t i o n  o f  u n s t a k e d  t o m a t o  p l a n t s  ( s e e  F i g .  9) w a s  m o s t  

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

c r o w d e d  f o l i a g e  o f  t h e  p r o s t r a t e  p l a n t s .

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

o f  L. t a u r  i c a  d u r i n g  t h i s  i n v e s t i g a t i o n  ( s e e  F i g .  10). 

I n f e c t i o n  w a s  s e v e r e r  in t h e  d r y  s e a s o n  t h a n  in t h e  r a i n y  

s e a s o n .  M a n y  i n v e s t i g a t o r s  a r e  o f  t h e  o p i n i o n  t h a t  in 

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

c l i m a t i c  c o n d i t i o n s  (eg. C h e r e w i c k ,  1 9 4 4 ;  L a s t ,  1 9 5 5 b ) .
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B u t  A v e s u - O f f e i  ( 1 9 6 6 )  in h i s  s t u d i e s  in t h i s  D e p a r t m e n t  

o b s e r v e d  t h e  o p p o s i t e .  H e  r e p o r t e d  t h a t  i n c i d e n c e  o f  L. 

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

w e a t h e r  o f  t h e  h a r m a t t a n  s e a s o n .  It is n o t e w o r t h y  t h a t  

w h i l e  G r a i n g e r  ( 1 9 4 7 )  a l s o  a s s o c i a t e d  h i g h e r  i n c i d e n c e  o f  

E r v s  i p h e  g r a m i n  is w i t h  h i g h  h u m i d i t y ,  T a p k e  ( 1 9 5 3  ) s t a t e d  

t h a t  t h e r e  w a s  l i t t l e  o r  n o  d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e

s p r e a d  o f  E. g r a m i  n i s a n d  c l i m a t i c  c o n d i t i o n s .  T h e

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

r e l a t i o n s h i p  b e t w e e n  l e v e l  o f  L. t a u r  i c a  i n f e c t i o n  of 

p e p p e r  a n d  c l i m a t i c  c o n d i t i o n s  m i g h t  b e  r e l a t e d  to the 

g e r m i n a t i o n  h a b i t  o f  t h e  c o n i d i a .  T h e  c o n i d i a  a r e  a b l e  to 

g e r m i n a t e  at h u m i d i t i e s  r a n g i n g  f r o m  z e r o  to 1 0 0 %  R H  ( C l e r k  

a n d  A y e s u - O f f e i ,  1 9 6 7 ) .  It is, t h e r e f o r e ,  p o s s i b l e  t h at  

the i n t e n s i t y  o f  i n f e c t i o n  in a s t a n d i n g  c r o p  m a y  d e p e n d  

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

at a n y  p a r t i c u l a r  t i m e  r a t h e r  t h a n  o n  c l i m a t i c  c o n d i t i o n s .

G r o w t h  o f  t h e  p e p p e r  p l a n t s  w a s  a s s e s s e d  b y  t h e  n u m b e r  

o f  l e a v e s  o n  t h e  p l a n t s  at s u c c e s s i v e  i n t e r v a l s .  F a r  m o r e  

l e a v e s  w e r e  r e c o r d e d  o n  p e p p e r  p l a n t s  g r o w i n g  in t h e r a i n y  

s e a s o n  ( J u n e - A u g u s t  , 1 9 8 9 )  t h a n  in t h e  h a r m a t t a n  ( N o v e m b e r ,  

1 9 8 8  - F e b r u a r y ,  1 9 8 9 ) .  T h e  80, 100 a n d  1 2 0 d a y - o l d  p l a n t s  

o f  t h e  r a i n y  s e a s o n  h a d ,  r e s p e c t i v e l y ,  8 4 2 ,  1 2 2 6  a n d  1741

m e a n  n u m b e r  o f  l e a v e s  p e r  p l a n t  c o m p a r e d  to t h e  

c o r r e s p o n d i n g  v a l u e s  o f  4 84 ,  8 4 3  a n d  7 2 1  m e a n ^  n u m b e r  o f

l e a v e s  p e r  p l a n t  o f  t h e  d r y  s e a s o n  ( s e e  T a b l e  7). T h e

p l a n t s  w e r e  u n d e r  i r r i g a t i o n  a n d  s o  t h e s e  m a r k e d  

d i f f e r e n c e s  c o u l d  b e  d u e  to e n v i  r o m e n t  a 1 c o n d i t i o n s  o t h e r
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t h a n  s o i l  m o i s t u r e .  T h e  h i g h e r  m i l d e w  i n f e c t i o n  in t h e  d r y  

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

s m a l l e r  n'umber o f  l e a v e s .  F o r  L . t a u r  i c a  i n f e c t i o n  c a u s e d  

l e a f  y e l l o w i n g  a n d  d e f o l i a t i o n  a s  w a s  a l s o  n o t i c e d  b y  B r o w n  

( 1 9 7 8 )  .

E x t e n s i v e  s t u d i e s  h a v e  b e e n  m a d e  o n  t h e  f u n g a l  f l o r a  

o f  t h e  f o u r  c r o p s  a n d  o f  t h e  f r u i t s  o f  o k r a ,  p e p p e r  a n d  

t o m a t o .  T h e  p h y l l o p l a n e  a n d  f r u c t i p l a n e  f u n g i  w e r e  

d i r e c t l y  r e l a t e d  to f u n g a l  s p e c i e s  p r e s e n t  in t h e  

a t m o s p h e r e . .  A n d  so, a s  w i t h  t h e  a i r - s p o r a ,  Cl a d o s p o r  i u m  

h e r b a r u m  a n d  F u s a r i u m  o x y s p o r u m  w e r e  c o n s i s t e n t l y  the 

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

t h e  r a i n y  s e a s o n  a n d  in t h e  h a r m a t t a n .

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

o k r a  f r u i t s  ( s e e  T a b l e s  10 a n d  11), 18 s p e c i e s  f r o m  p e p p e r  

f r u i t  s u r f a c e s  ( s e e  T a b l e s  1 2 a  a n d  b, 13 a n d  14) a n d  27 

s p e c i e s  f r o m  t h e  s u r f a c e  o f  t o m a t o  f r u i t s  ( s e e  T a b l e s  1 5 a

a n d  b, 16, 17, 1 8 a  a n d  b, 19 a n d  2 0) .  T h e  n u m b e r s  of

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

o n i o n ,  p e p p e r  a n d  t o m a t o  w e r e ,  r e s p e c t i v e l y ,  20 ( s e e  T a b l e s  

21, 2 2  a n d  2 3 ) ,  1 2 ( s e e  T a b l e s  24 a n d  2 5 ) ,  17 ( s e e  T a b l e s

26, 27 a n d  28) a n d  2 3 ( s e e  T a b l e s  29, 30 a n d  31 ) . E x c e p t  in 

v e r y  r a r e  c a s e s ,  s u c h  as C l a d o s p o r  i u m  h e r b a r u m  o n  p e p p e r  

l e a f ( s e e  T a b l e  2 7 ) ,  m o r e  c o l o n i e s  o f  t h e s e  s p e c i e s  w e r e  

o b t a i n e d  f r o m  t h e  s u r f a c e s  o f  b o t h  f r u i t s  a n d  l e a v e s  in t h e  

r a i n y  s e a s o n  t h a n  in t h e  d r y  s e a s o n .  O b v i o u s l y ,  t h e  h i g h e r

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

p h y l l o p l a n e  f l o r a  d e v e l o p m e n t .



T h e  A g a r  P l a t e  m e t h o d  d o e s  n o t  u s u a l l y  i d e n t i f y  t he  

o r i g i n  o f  t h e  c o l o n i e s  w h i c h  d e v e l o p  o n  t h e  p l a t e s .  It is 

m o s t  l i k e l y  t h a t  in t h i s  i n v e s t i g a t i o n  t h e y  m i g h t  h a v e  

g r o w n  o u t  o f  b o t h  s p o r e s  a n d  h y p h a l  f r a g m e n t s .  N u t r i e n t s

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

g e r m i n a t i o n  a n d  g r o w t h  a r e  s u p p o r t e d  b y  t h e s e  n u t r i e n t s .  

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

p r o p a g u l e s  f o r  g r o w t h  o n  t h e  a g a r  p l a t e s  a n d  t h e  s p o r e s

t h e y  h a v e  p r o d u c e d  w o u l d  m a k e  u p  t h e  r e m a i n i n g  p o r t i o n  of

t h e  p r o p a g u l e s .  T h e  r a i n y  s e a s o n  p r o v i d e s  m o r e  s u i t a b l e  

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

f u n g i .

T h e  c o n c e n t r a t i o n s  o f  t h e  n u t r i e n t s  o f  t h e  e x u d a t e  a r e  

n o t  u s u a l l y  h i g h .  T h i s  is a c o n d i t i o n  t h a t  l i m i t s  h y p h a l  

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

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

r e s u l t i n g  in r a p i d  p r o d u c t i o n  o f  s p o r e s .  T h e  p r o d u c t i o n  

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

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

b y  m a n y  w o r k e r s .  T h e s e  f u n g i  i n c l u d e  C e r c o s o o r a

a r a c h i d i c o l a  ( O s o ,  1 9 7 2 ) ,  C r o n a r t i u m  r i b i c o l a  ( B e g a ,  1 9 6 0 ) ,  

P h v t o p h t h o r a  p a l m i v o r a  ( M a n u  a n d  C l e r k ,  1 9 8 1 ) ,  S e p t o r  i a 

tr i t ici ( J o n e s  a n d  L e e ,  1 9 7 4 )  a n d  p h y l l o p l a n e  f u n g i  

( S k i d m o r e , 1 9 7 6 ) .

S k i d m o r e  ( 1 9 7 6 )  f o u n d  t h a t  a b o u t  5 . 0  p e r  c e n t  o f  

c o n i d i a  o f  C l a d o s p o r i u m  h e r b a r u m  o n  l e a f  s u r f a c e s

r e g u l a r l y  p r o d u c e d  s e c o n d a r y  c o n i d i a  f r o m  s h o r t  10-40/im 

g e r m  t u b e s  w i t h i n  2 4  h o u r s  o f  i n c u b a t i o n .  B o t  rvt i s c i n e r e a



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

t u b e s .  In m a n y  i n s t a n c e s ,  l o n g  c h a i n s  o f  s u c h  s p o r e s  w e r e  

f o r m e d .  T h e s e  w e r e  m o s t  a b u n d a n t  w h e n  B_;_ c i n e r e a  w a s  g r o w n  

in d u a l  c u l t u r e  w i t h  o t h e r  f u n g i .  T w o  o t h e r  f u n g i ,

A l t e r n a r i a  a l t e r n a t a  a n d  S t e m p h y l i u m  b o t r y o s u m , a l s o  f o r m e d  

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

l e a v e s .  T h i r t y - t w o  p e r  c e n t  o f  A. a l t e r n a t a  c o n i d i a  a n d  62 

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

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

T h e  p r o d u c t i o n  o f  s e c o n d a r y  s p o r e s  b y  t h e s e  f u n g i

c o u l d  a i d  in t h e i r  s u r v i v a l ,  p a r t i c u l a r l y  in s i t u a t i o n s  

w h e r e  s u c h  s p o r e s  g e r m i n a t e  in t h e  p h y l l o p l a n e  b u t  

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

c o n t i n u e d  g r o w t h .  It is p o s s i b l e  t h a t  t h e s e  s p o r e s  a r e  a l s o

p r o d u c e d  a s  a r e a c t i o n  to s u b s t a n c e s  p r e s e n t  o n  t h e le a f

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

T h e  e f f e c t  o f  t h e  g r o w i n g  p h y l l o p l a n e  f u n g i  o n  t h e

p l a n t s  is y e t  t o  b e  w i d e l y  i n v e s t i g a t e d .  S t u d i e s  o f  

h e r b a c e o u s  p l a n t s  b y  D i c k i n s o n  ( 1 9 6 7 )  a n d  B a i n b r i d g e  a n d  

D i c k i n s o n  ( 1 9 7 2 )  h a v e  i n d i c a t e d  t h a t  f i l a m e n t o u s

p h y l l o p l a n e  f u n g i  a r e  r e l a t i v e l y  i n a c t i v e  o n  u n d a m a g e d  

g r e e n  l e a v e s .  F a c t o r s  w h i c h  r e s t r i c t  t h e  g r o w t h  o f  

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

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

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

le a f.  In a d d i t i o n  e n v i r o n m e n t a l  f a c t o r s  m a y  a l s o  b e  

l i m i t i n g .  . P u g h  a n d  B u c k l e y  ( 1 9 7 1 ) ,  o n  t h e  o t h e r  

h a n d ,r e p o r t e d  t h a t  s u c h  f u n g i  w e r e  a c t i v e  o n  g r e e n  l e a v e s
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f r o m  t h e  e a r l i e s t  s t a g e  o f  l e a f  d e v e l o p m e n t .  A l t e r n a r i a  

a 1 t e r n a t a  p r o d u c e s  a m e t a b o l i t e  t h a t  i n h i b i t s  c h l o r o p h y l l  

d e v e 1o p m e n t ,a n d  t h e r e  is t h e  p o s s i b i l i t y  t h a t  s o m e  s p e c i e s  

m a y  a c t  u n d e r  f i e l d  c o n d i t i o n s  t o  p r o m o t e  s e n e s c e n c e .  It 

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

s o m e  p h y l l o p l a n e  f u n g i  m a y  b e  h a r m l e s s ,  w h i l e  o t h e r s  m a y  

i n t e r f e r e  w i t h  l e a f  m e t a b o l i s m  a n d  g r o w t h .  In m o s t  

i n s t a n c e s ,  h o w e v e r ,  it is r e c o g n i s e d  t h a t  t h e s e  f u n g i  

b e c o m e  m u c h  m o r e  a c t i v e  d u r i n g  l e a f  s e n e s c e n c e  ( S k i d m o r e  

a n d  D i c k i n s o n ,  1 9 7 3 ) .  H a v i n g  i d e n t i f i e d  t h e  p h y l l o p l a n e  

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

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

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

F u n g i  d i f f e r  in t h e i r  p r e f e r e n c e  f o r  n u t r i e n t s .  T h e  

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

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

d i f f e r  b o t h  q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y .  T h e r e f o r e ,  

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

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

r e t a i n  t h e  s a m e  r a n k .  E x c l u d i n g  t h e  s p e c i e s  w h i c h  w e r e  

i s o l a t e d  o n l y  o c c a s i o n a l l y ,  t h e  m e m b e r s  o f  t h e  r i c h e r  f l o r a  

o f  t h e  r a i n y  s e a s o n  a r e  s h o w n  in T a b l e s  77 a n d  78, in 

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

t i m e  t a k i n g  t h e  t h r e e  s i t e s  t o g e t h e r :
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D o m i n a n t  f u n g a l  s p e c i e s  o n  s u r f a c e  of f r u i t s  o f  O k r a ,  P e p p e r  a n d  T o m a t o ,  a r r a n g e d  

d e s c e n d i n g  o r d e r  o f  p e r c e n t a g e  f r e q u e n c y

O K R A .  P E P P E R  T O M A T O

( T a b l e  10) ( T a b l e  12b) ( T a b l e  18b)

F u s a r i u m  o x y s p o r u m C l a d o s p o r i u m  h e r b a r u m C l a d o s p o r i u m  h e r b a r u m

C l a d o s p o r i u t n  h e r b a r u m F u s a r i u m  o x v s p o r u m F u s a r i u m  o x y s p o r u m

A s p e r g i l l u s  n i a e r A s p e r g i l l u s  f l a v u s Y e a s t  spp.

A s p e r q i 11 u s  o c h r a c e u s R h i z o p u s  sp. R h i z o p u s  sp.

Y e a s t  sp p . A s p e r q i l l u s  n i q e r A s p e r g i l l u s  n i q e r

C o r y n e s p o r a  c a s i i c o l a C u r v u l a r i a  l u n a t a A s p e r g i l l u s  t e r r e u s

Y e a s t  sp p . H i q r o s p o r a  o r y z a e

H i q r o s p o r a  o r y z a e P e n i c i l l i u m  c y c l o p i u m  

C u r v u l a r i a  l u n a t a
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T A B L E  78 : D o m i n a n t  f u n g a l  s p e c i e s  o n  s u r f a c e  o f  l e a v e s  o f  O k r a ,  P e p p e r  a n d  T o m a t o ,  a r r a n g e d  i n  d e s c e n d i n g  

o r d e r  o f  p e r c e n t a g e  f r e q u e n c y

O K R A  O N I O N  P E P P E R  T O M A T O

( T a b l e  2 2 ) ( T a b l e  2 4 ) ( T a b l e  27 ) ( T a b l e  3 0 )

C l a d o s o o r i u m  h e r b a r u m A s p e r q i l l u s  n i q e r C l a d o s p o r i u m  h e r b a r u m C l a d o s p o r i u m  h e r b a r u m

Fusariusi o x y s p o r u m F u s a r i u m  o x y s p o r u m F u s a r i u m  o x y s p o r u m F u s a r i u m  o x y s p o r u m

A s o e r g i l l u s  n i q e r C l a d o s p o r i u m  h e r b a r u m A s p e r g i l l u s  n i g e r A s p e r g i l l u s  n i g e r

P e n i c i l l i u m  c y c l o p i u m R h i z o p u s  sp. P e n i c i l l i u m  c y c l o p i u m A s p e r g i l l u s  f l a v u s

C u r v u l a r i a  l u n a t a A l t e r n a r i a  a l t e r n a t a A s p e r g i l l u s  t e r r e u s P e n i c i l l i u m  c y c l o p i u m

R h i z o p u s  sp. C u r v u l a r i a  l u n a t a R h i z o p u s  sp. A l t e r n a r i a  a l t e r n a t a

A s p e r g i l l u s  t e r r e u s P e n i c i l l i u m  c y c l o p i u m C u r v u l a r i a  l u n a t a R h i z o p u s  sp.

H e l r a i n t h o s p o r i u m  so. C o r y n e s p o r a  c a s i i c o l a S y n c e p h a l a s t r u m

A l t e r n a r i a  al t er na ta A s p e r g i l l u s  f l a v u s r a c e m o s u m

A s p e r g i l l u s  f l a v u s A s p e r g i l l u s  o c h r a c e u s

S v n c e p h a l a s t r u m

r a c e m o s u m

A s p e r g i l l u s  o c h r a c e u s

A l t e r n a r i a  a l t e r n a t a



M a n y  s p e c i e s  w e r e  f o u n d  at d i f f e r e n t  p o s i t i o n s  

d e p e n d i n g  o n  t h e  h o s t  p l a n t .  E v e n  w h e r e  t h e  s a m e  p o s i t i o n  

w a s  o c c u p i e d ,  t h e  p e r c e n t a g e  f r e q u e n c y  d i f f e r e d  w i t h  t he  

p l a n t  s p e c i e s .  F o r  e x a m p l e ,  C .h e r b a r u m  at t h e  t o p  o f  t h e  

l i s t s  o f  s p e c i e s  f o r  o k r a ,  p e p p e r  a n d  o n i o n ,  t he  m e a n  

p e r c e n t a g e  f r e q u e n c y  at s a m p l i n g  d u r i n g  t h e  r a i n y  s e a s o n  at 

t h e U n i v e r s i t y  F a r m  w a s  42, 37 a n d  28 ( s e e  T a b l e s  22, 27 

a n d  3 0 ) ,  r e s p e c t i v e l y .

A p a r t  f r o m  t h e  c h a n g i n g  p o s i t i o n  o f  m a n y  s p e c i e s ,  

t h r e e  i m p o r t a n t  f e a t u r e s  w e r e  n o t e w o r t h y .  F i r s t ,  C. 

h e r b a r u m  a n d  F. o x v s p o r u m  w e r e  h i g h l y  f a v o u r e d  b y  all t h e  

o r g a n s .  S e c o n d l y ,  t h e  l e a v e s  o f  o k r a ,  p e p p e r  a n d  t o m a t o  

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

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

e x u d a  t e s .

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

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

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

s u r p r i s i n g  a s  f l o r a  v a r y  f r o m  o n e  c o u n t r y  to a n o t h e r .  

S t u d i e s  f o r  e a c h  c o u n t  r y , a n d  i n d e e d ,  e a c h  r e g i o n  in a 

c o u n t r y ,  a r e  f u l l y  j u s t i f i e d .  M a u d e  e_t aj_. ( 1 9 8 4 )  f o u n d  

t h a t  P e n  i c i 1 1 i u m  s p e c i e s  a n d  A s p e r g i 1 lus f u m i g a t u s  w e r e  

d o m i n a n t  o n  o n i o n  l e a f  s u r f a c e s  f o l l o w e d  b y  A s p e r g i 1 lus 

n i g e r  . A s p e r g i 1 lus n i e e r  w a s  t h e  p r e d o m i n a n t  f u n g u s  in t h e  

p r e s e n t  s t u d y .

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

l e a v e s  o f  p e p p e r  b y  S i n h a  ( 1 9 6 5  ) w e r e  A l t e r n a r i a  s o l a n i . 

Al t e r n a r  i a t . e n u i s s i n i a , A s p e r g  i 1 lus f l a v u s  , A s p e r g i  1 lus
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n * %er ’ C_l_adospor i um c 1 adospor io ides . Cunn inghame 1 1 a sp., 

C urvularia s_idd iqu i i , Fusar ium mon i 1 i forme . Fis id ium sp., 

Hetero.sporium sp. , .Mucor hiemal is . Papu 1 ospora sp. , 

Pen i c i 11 i um .] an t h i ne 11 u m , Rh i z o p u s  nigricans and 

Tr i choderma k o n i n g i .

T o m a t o  l e a v e s  s t u d i e d  b y  P r e e c e  a n d  D i c k i n s o n  ( 1 9 7 1 )  

a n d  S i n h a  ( 1 9 6 5 )  y i e l d e d  e q u a l l y  d i f f e r e n t  f l o r a  f r o m  t h e 

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

A l t e r n a r i  a s o l a n i . A l t e r n a r i a  t e n u i s s  i n i a . A s p e r g i 1 lus 

f 1a v u s  . A s p e r g i 1 lus n i g e r . C h o a n e p h o r a  sp. , C l a d o s p o r i u m  

c l a d o s p o r i o i d e s , C l a d o s p o r i u m  h e r b a r u m , C u r v u l a r i a  

s i dd  iq u i i , F u s a r  i u m  m o n  i 1 i f o r m e , M u c o r  s p . ,P a p u l o s p o r a  s p . , 

P e n i c i l l i u m  i a n t h i n e 1 1 u m . S p  i c a r  i a s p . ,  S p o r o t  r i c h u m  s p .,  

a n d  T r i c h o d e r m a  k o n i n g i .

S e v e n  o u t  o f  15 f u n g a l  s p e c i e s  o n  t h e  t o m a t o  f r u i t  

s u r f a c e s  d i d  n o t  p o s e  a n y  d a n g e r  as p a t h o g e n s  to all t h e 

t h r e e  v a r i e t i e s  o f  t o m a t o .  T h e y  c o u l d  n o t  r o t  t h e  f r u i t s  

e v e n  w h e n  i n t r o d u c e d  i n t o  w o u n d s .  T h e s e  w e r e ,  A s p e r g i 1 lus 

c 1a v a t u s . A s p e r g i 11 u s  g 1a u c u s . C l a d o s p o r  i u m  h e r b a r u m . 

H e l m i n t h o s p o r i u m  s p . ,  P e n i c i 1 1 i u m  c i t r i n u m , P e n i c i 1 1 i u m  

f u n i c u 1o s u m  a n d  S v n c e p h a l a s t r u m  r a c e m o s u m  ( s e e  T a b l e  57). 

R o t t i n g  w a s  c a u s e d  b y  A l t e r n a r i a  a l t e r n a t a , A s p e r g i 1 lus 

t e r r e u s  , C o r v n e s p o r a  c a s i i c o l a , C u r v u l a r i a  l u n a t a , F u s a r  i u m 

o x v s  p o r u m . N i e r o s p o r a  o r v z a e , S c o p u l a r i o p s  is b r e v i c a u l i s  

a n d  T r  i c h o t h e c i u m  r o s e u m  ( s e e  T a b l e  5 7) .  T h e r e  a r e  s e v e r a l  

w a y s  b y  w h i c h  t h e s e  p a t h o g e n i c  s p e c i e s  c o u l d  b e  g r o u p e d :

(a) A l l c o u l d  i n f e c t  t h r o u g h  t h e  i n t a c t  t o m a t o  f r u i t  

s k i n  e x c e p t  N. o r v z a e  wKjrfi p r o b a b l y  d i d  n ot
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p o s s e s s  t h e  r e q u i s i t e  e n z y m e s  f o r  b r e a k i n g  d o w n  

t h e  c u t i c l e  o n  t h e  f r u i t  s u r f a c e .

(b) A- t e r r e u s , F. o x v s p o r u m . N . o r y z a e , S..

b r e v i c a u 1 is a n d  T. r o s e u m  i n f e c t e d  f r u i t s  o f  all

t h e  t h r e e  t o m a t o  v a r i e t i e s  to t h e  s a m e  e x t e n t .  

A. a l t e r n a t a  a n d  C .c a s  i i co la r o t t e d  t h e  H e i n z  a n d  

R o m a  v a r i e t i e s  to a g r e a t e r  e x t e n t  t h a n  t h e  

W o s o w o s o  v a r i e t y  w h i l e  t h e  s i t u a t i o n  w a s  t h e 

r e v e r s e  w i t h  r e g a r d s  to i n f e c t i o n  b y  C. l u n a t a

(c) W h e r e  b o t h  t y p e s  o f  i n o c u l a t i o n  r e s u l t e d  in

i n f e c t i o n ,  w o u n d  - i n o c u l a t e d  f r u i t s  w e r e  r o t t e d

f a s t e r  t h a n  s u r f a c e  i n o c u l a t e d  f r u i t s .  T h e  r a t e  

o f  r o t t i n g  in t h e  f o r m e r  c o u l d  b e  as m u c h  as f i v e  

t i m e s  t h a t  o f  t h e  l a t t e r  as w i t h  A. t e r r e u s , F. 

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

w i t h  t h e  c u t i c l e - d i g e s t i n g  e n z y m e s  as t h e  r a t e s  

o f  r o t t i n g  o f  s u r f a c e - i n o c u l a t e d  f r u i t s  w e r e  

o n l y  h a l f  t h o s e  o f  t h e  w o u n d - i n o c u l a t e d  f r u i t s .

(d) O f  t h e  p a t h o g e n i c  s p e c i e s ,  F. o x v s p o r u m  w a s  t h e  

m o s t  v i r u l e n t .  T h i s  is w o r t h y  t o  n o t e  as it 

o c c u r r e d  a b u n d a n t l y  o n  t h e  f r u i t s .  B e s i d e s ,  

s i n c e  t o t a l  s p o r e  g e r m i n a t i o n  w a s  p o s s i b l e  in t h e 

e x t r a c t s  o f  t h e  f r u i t s  ( s e e  T a b l e  6 0 ),  b o t h  

m i c r o c o n i d i a  a n d  m y c e l i u m  w o u l d  b e  e q u a l l y  

e f f i c i e n t  i n o c u l a .

In v i e w  o f  t h e  f a c t  t h a t  m a n y  f u n g i  c o u l d  e n t e r  t h e 

f r u i t s  t h r o u g h  i n t a c t  s k i n ,  h a r v e s t e d  f r u i t s  m u s t  b e  w a s h e d
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i m m e d i a t e l y  w i t h  d i s i n f e c t a n t s  b e f o r e  s t o r a g e .  T h e  s u p e r i o r  

w o u n d -  i n o c u l a t i o n  c o u l d  b e  m i n i m i z e d  if p r e c a u t i o n s  

t a k e n  a g a i n s t  b r u i s i n g  o f  the f r u i t s .

R o o t s  o f  a n y  p l a n t  s p e c i e s  a l s o  h a v e  t h e i r  a s s o c i a t e  

f l o r a .  T h i s  p o p u l a t i o n  m a y  e x i s t  o n  t h e  r o o t  s u r f a c e ,  t h e 

r h i z o p l a n e ,  o r  in a n  i n t e r f a c i a l  v o l u m e  b e t w e e n  t h e

r o o t l e t s  a n d  t he  b u l k  o f  t he  s o i l ,  t h e  r h i z o s p h e r e .  It is 

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

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

s o u r c e  o f  e n e r g y  a n d  n u t r i e n t s .  T h e  p l a n t  in t u r n  o f t e n  

a l s o  b e n e f i t s  f r o m  t h e  a s s o c i a t i o n .  A c l a s s i c a l  e x a m p l e  

w h i c h  b e n e f i t s  b o t h  p a r t n e r s  is t h e  p r e - p e n e t r a t i o n

a s s o c i a t i o n  b e t w e e n  l e g u m e  r o o t s  a n d  R h i  z o b  i u m  s p e c i e s .  

A c t i v e l y  g r o w i n g  r o o t s  o f  l e g u m i n o u s  p l a n t s  s e c r e t e  

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

n o d u l e  b a c t e r i a .  T h e  r o o t s ,  in t u r n ,  a r e  s t i m u l a t e d  b y

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

T r y p t o p h a n  w h i c h  is c o n v e r t e d  i n t o  p - i n d o 1 e - a c e t i c  a c i d  

( I A A ) .  T h e  I A A  c a u s e s  s o m e  o f  t h e  r o o t  h a i r s  o f  t h e  l e g u m e  

r o o t ,  b u t  n o t  r o o t s  o f  o t h e r  p l a n t s ,  to c u r l  - a 

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

b y  t h e  n o d u l e  b a c t e r i a  ( R o v i r a ,  1 9 5 6 ) .

A n  e v e n t  w h i c h  b e n e f i t s  a l l  s o r t s  o f  p l a n t s  is the 

s t i m u l a t i o n  o f  g r o w t h  o f  a n t i b i o t i c - p r o d u c i n g  m i c r o 

o r g a n i s m s  w h i c h  i n h i b i t  t h e  g r o w t h  o f  p a r a s i t e s  w i t h  t h e i r

a n t i b i o t i c s  c l o s e  to t h e  r o o t  s u r f a c e .

O n  t h e  o t h e r  h a n d ,  t h e  a s s o c i a t i o n  is k n o w n  to h a v e

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



e n c o u r a g e d  to g r o w  c l o s e  to t h e  p l a n t  r o o t s .

N o t a b l e  is t h e  w a y  t h e  e f f e c t s  o f  t h e  e x u d a t e s  o f  s o m e  

plant.s l a t e r  t a k e  a d i f f e r e n t  t u r n .  N u t m a n  ( 1 9 5 6 )  r e p o r t e d  

h o w  e a r l y  l e g u m e  s e c r e t i o n s  a r e  s t i m u l a t o r y ,  w h i l e

s e c r e t i o n s  o f  o l d e r  r o o t s  i n h i b i t  i n f e c t i o n  b y  t h e  n o d u l e

b a c t e r i a .  It is s u g g e s t e d  t h a t  t h e  r o o t  e x u d a t e s  b e c a m e

i n h i b i t o r y  a s  t h e i r  c o n c e n t r a t i o n s  i n c r e a s e .

B u t  h i g h  c o n c e n t r a t i o n  m a y  n o t  b e  t h e  o n l y  e v e n t  

c a u s i n g  a l o s s  o f  s t i m u l a t o r y  p o w e r .  A m e w o w o r  ( 1 9 8 0 )

r e c o r d e d  a s i g n i f i c a n t  d e c l i n e  in t h e  l e v e l s  o f  m a n y  a m i n o  

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

a c i d ,  g l u t a m i c  a c i d ,  g l y c i n e ,  h i s t i d i n e ,  i s o - l e u c i n e ,  

t h r e o n i n e  arid v a l i n e  p r e s e n t  in m e a s u r a b l e  q u a n t i t i e s  in 

e x u d a t e s  o f  5 d a y - o l d  s e e d l i n g s  a p p e a r e d  o n l y  in " T r a c e "  

q u a n t i t i e s  in e x u d a t e s  o f  8 d a y - o l d  s e e d l i n g s ,  w h i l e  the 

r o o t s  o f  t h e  8 d a y - o l d  s e e d l i n g s  c o m p l e t e l y  s t o p p e d  

s e c r e t i n g  a r g i n i n e ,  l y s i n e ,  p h e n y l a l a n i n e ,  p r o l i n e  a n d  

t y r o s  i n e .

W i t h  a ll  p l a n t s ,  o n c e  r o o t  h a i r s  a n d  e x t e r n a l  c e l l s  o f  

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

a f f e c t  t h e  m i c r o h a b i t a t  to, e i t h e r ,  t h e  b e n e f i t  o r  

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

p o p u 1 at i o n s .

T h e  c o u r s e  o f  e v e n t s  in th e  r h i z o s p h e r e  o f  o k r a ,  

p e p p e r  a n d  t o m a t o  p l a n t s  w a s  s t u d i e d  f r o m  N o v e m b e r ,  1 9 8 8  to 

A u g u s t ,  1 9 8 9 .  P r a c t i c a l l y ,  t h e  s a m e  f u n g a l  s p e c i e s  w e r e  

i s o l a t e d  f r o m  t h e  n o n - r h  i z o p h e r e  s o i l  o f  t h e t h r e e  s i t e s  

( s e e  T a b l e s  34, 35 a n d  3 6) .  A l t o g e t h e r ,  33 f u n g a l  s p e c i e s
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w e r e  i s o l a t e d ,  d o m i n a t e d  b y  t h e  G e n u s  A s p e r g i 1 l u s , w h i c h  

w a s  r e p r e s e n t e d  b y  A^_ c 1 a v a t u s  , A. f 1 a v u s  , A. f u m i  g a t  u s  . 

A_;_ g  1 a u c u s , A. n i d u  1 a n s , A. n i g e r , A. o c h r a c e u s  a n d  A. 

t e r r e u s . F o u r  o f  t h e m  - A. f 1a v u s . A  n i g e r , A  . o c h r a c e u s  

a n d  A. t e r r e u s  - w e r e  a m o n g  t h e  d o m i n a n t  s p e c i e s ,  a n d  

i n f a c t ,  A. n i g e r  w a s  t h e  m o s t  a b u n d a n t  f u n g a l  s p e c i e s  in 

t h e  t h r e e  s o i l s .

T w e l v e  s p e c i e s  c o n s t i t u t e d  t h e  d o m i n a n t  s p e c i e s ,  w h i c h  

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

p e r c e n t a g e  f r e q u e n c y :  A. n i g e r , A. t e r r e u s , A. o c h r a c e u s ,

P e n  i c i 1 1 i u m  'c v c l o p i u m . F u s a r i u m  o x v s p o r u m . T r  i c h o d e r m a  

v i r i d e , R h  i z o p u s  s p . ,  A. f 1a v u s . P a e c  i l o m v c e s  sp . , 

S v n c e p h a 1a s t r u m  r a c e m o s u m , C u r v u l a r i a  l u n a t a  a n d  C h a e t o m i u m  

g 1o b o s u m . A s  t h e r e  w a s ,  n a t u r a l l y ,  o n l y  o n e  r e c o r d i n g  fo r  

t h e  n o n - r h i z o s p h e r e  s o i l  at e a c h  s a m p l i n g  t i m e ,  t h e  s a m e  

d a t a  a r e  r e p r o d u c e d  in T a b l e s  34, 35 a n d  3 6  f o r  e a s e  of 

c o m p a r i s o n  w i t h  t h e  r h i z o s p h e r e  f l o r a  o f  t h e  t h r e e  c r o p s .

F o r  t h e  p e r i o d  o f  i n v e s t i g a t i o n  o f  t h e  r h i z o s p h e r e  

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

o c c u r r e n c e  o f  t h e  f u n g i  in t h e  n o n - r h i z o s p h e r e  s o i l  a r e:

(a) T h e  p o p u l a t i o n s  o f  A. o c h r a c e u s  a n d  F. o x y s p o r u m  

w e r e  i n i t i a l l y  h i g h  a n d  t h e n  d e c l i n e d .

(b) T h e  p o p u l a t i o n  o f  P. c v c l o p i u m  w a s  l o w  i n i t i a l l y  

a n d  l a t e r  i n c r e a s e d .

(c) T h e  p o p u l a t i o n s  o f  A. f l a v u s . A. n i g e r , 

P a e c i 1o m v c e s  sp. a n d  S. r a c e m o s u m  i n c r e a s e d  w i t h  

t i m e  and' t h e n  d e c l i n e d .

(d) A. t e r r e u s  s h o w e d  h i g h e r  p o p u l a t i o n  l e v e l s  at t h e
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b e g i n n i n g  a n d  e n d  o f  t h e  p e r i o d  w i t h  a l o w e r  

p o p u l a t i o n  l e v e l  i n - b e t w e e n .

^ e ) A- f u m i  g a t u s  , C h a e t o m i u m  g 1o b o s u m  a n d  C u r v u 1a r i a  

l u n a t a  w e r e  p r e s e n t  o n l y  o c c a s i o n a l l y .

F. o x y s p o r u m  is t h e  o n l y  s e r i o u s  s o i l  f a c u l t a t i v e  

p a r a s i t e  a m o n g  t h e  d o m i n a n t  s p e c i e s  a n d  its p r e s e n c e  at a 

h i g h  l e v e l  c o u l d  a f f e c t  t h e  c r o p s .  A l t h o u g h  n o n e  o f  t h e  

A s p e r g i 1 lus - s p e c i e s  c o u l d  b e  c o n s i d e r e d  as i m p o r t a n t  a 

p a r a s i t e  as F. o x v s p o r u m , t h e y  c o u l d  h a r m  t h e  c r o p  in 

d i f f e r e n t  w a y s .  E v i d e n c e  is r a p i d l y  a c c u m u l a t i n g  o n  t h e  

d e l e t e r i o u s  e f f e c t s  o f  f i l t r a t e s  o f  A s p e r g i 1 lus s p e c i e s  o n  

h i g h e r  p l a n t s .  A l t h o u g h  m o s t  o f  t h e  a c t i v e  p r i n c i p l e  a r e  

n o t  l e t h a l ,  g r o w t h  o f  t h e  p l a n t  m a y  b e  r e t a r d e d  o r  

m a l f o r m a t i o n s  w o u l d  b e  i n d u c e d .  T h e  e x u d a t e  o f  A. n i g e r , 

f or  e x a m p l e ,  c a u s e d  a b s c i s s i o n  o f  l e a v e s  a n d  m a l f o r m a t i o n s  

o f  t h e  s t e m  o f  s e e d l i n g s  o f  b e a n s  ( C u r t i s ,  1 9 5 8 a ,  1 9 5 8 b ,

1 9 6 1 ,  1 9 6 8 )  a n d  a r r e s t e d  r a d i c l e  g r o w t h  in c o c o a  ( O d a m t t e n  

a n d  C l e r k ,  1 9 8 8 ) .  F i l t r a t e s  o f  A. f 1a v u s  c a u s e d  s e e d l i n g  

v i r e s c e n c e  ( K o e h l e r  a n d  W o o d c o c k ,  1 9 3 8 ) ,  w h i l e  A m e w o w o r  

( 1 9 8 0 )  f o u n d  t h a t  A. f 1a v u s  a n d  A. n i g e r  s e v e r e l y  i n h i b i t e d

r o o t  d e v e l o p m e n t  a n d  r o o t  h a i r  g r o w t h ,  a n d  A. f u m i g a t u s

s u p p r e s s e d  n o d u l a t i o n .

T h e  f u n g i  in t h e  s o i l  w e r e  e i t h e r  n o t  a f f e c t e d  b y  t h e

r o o t  e x u d a t e s  o f  o k r a ,  p e p p e r  a n d  t o m a t o ,  s t i m u l a t e d  or

i n h i b i t e d .  P. c v c l o p i u m  s h o w e d  a s i n g u l a r  r e s p o n s e  to the  

e x u d a t e s  o f  r o o t s  o f  o k r a  a n d  p e p p e r .  B e t w e e n  N o v e m b e r  a n d  

F e b r u a r y  it w a s  s t i m u l a t e d  a n d  t h e n  i n h i b i t e d  f r o m  a r o u n d



M a y  t o  A u g u s t  ( s e e  T a b l e s  34 a n d  35 ) . T h e  e f f e c t s  o f  t h e 

r o o t  s e c r e t i o n s  o n  t h e  r e s t  o f  t h e  d o m i n a n t  s p e c i e s  w e r e  as 

f o i l o w s :

(a) O k r a  r o o t  s e c r e t i o n s  s t i m u l a t e d  A. n i g e r , A. t e r r e u s

ar>d S.. r a c e m o s u m ; i n h i b i t e d  A. o c h r a c e u s  a n d  R h  i z o p u s  

sp. a n d  d i d  n ot  a f f e c t  A. f 1 a v u s , F. o x v s p o r u m  a n d

Pa.ec i 1 o m v c e s  s p  .

(b) P e p p e r  r o o t  s e c r e t i o n s  s t i m u l a t e d  S.. r a c e m o s u m ;

i n h i b i t e d  A. o c h r a c e u s  a n d  h a d  n o  e f f e c t  on A.

f 1a v u s , A. f u m i g a t u s , A. n i g e r , A. t e r r e u s , F. 

o x v s p o r u m , P a e c  i 1o m v c e s  sp. a n d  R h i  z o p u s  sp.

(c) T o m a t o  r o o t  s e c r e t i o n s  s t i m u l a t e d  A. n i g e r , A. t e r r e u s  

C. g 1 o b o s u m , P. c v c  1 o p  i u m  a n d  S.. r a c e m o s u m  ; i n h i b i t e d  

A. o c h r a c e u s  a n d  T. v i r i d e  a n d  h a d  n o  e f f e c t  on

A .f 1a v u s , C. g 1o b o s u m . F. o x y s p o r u m  a n d  P a e c i 1o m v c e s

s p .

I n t e r e s t i n g l y ,  A. o c h r a c e u s  w h i c h  w a s  h i g h l y  

s t i m u l a t e d  b y  r o o t  e x u d a t e s  o f  b a m b a r a  g r o u n d n u t  ( A m e w o w o r ,  

1 9 8 0 )  w a s  i n h i b i t e d  in t h e  r h i z o s p h e r e  o f  a ll  t h e  t h r e e

p l a n t s .  G r o w t h  o f  A. n i g e r  w a s  p r o m o t e d  in t h e

r h i z o s p h e r e s  o f  o k r a  a n d  t o m a t o .  B e c a u s e  o f  t h e  k n o w n  

h a r m f u l  e f f e c t s  o f  its f i l t r a t e  o n  some, p l a n t s ,  f u t u r e  

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

t o m a t o  s e e d l i n g s .

C h i p s  o f  f r e s h  o k r a  f r u i t s  a n d  w h o l e  f r e s h  p e p p e r  

f r u i t s  w e r e  e i t h e r  a i r - d r i e d  o r  s o l a r - d r i e d  f o r  9 d a y s  to 

a n  E q u i l i b r i u m  M o i s t u r e  l e v e l .  A s  s u c c u l e n t  f r u i t s ,  t h e i r  

i n i t i a l  m o i s t u r e  c o n t e n t  w a s  v e r y  h i g h .  A s  f a r as f u n g a l
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s p o r e s  o f  t h e  a t m o s p h e r e  a r e  c o n c e r n e d ,  a n y  e x p o s e d  

m a t e r i a l ,  c a p a b l e  o f  f o r m i n g  a f o o d  b a s e ,  b e c o m e s  a 

m i c r o h a b i t a t . T h e  q u a l i t y  a n d  q u a n t i t y  o f  t h e  c o m p o s i t i o n  

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

s u b s t r a t u m  is d e t e r m i n e d  b y  t h e  a v a i l a b l e  n u t r i e n t  a n d  to 

s o m e  e x t e n t  b y  t h e  i n f l u e n c i n g  e n v i r o m e n t a l  c o n d i t i o n s .  

T h e  o k r a  c h i p s  a n d  p e p p e r  f r u i t s  b e f o r e  t h e y  d r i e d  u p  

f o r m e d  s u c h  a m i c r o h a b i f a t . T h e r e  is s u f f i c i e n t  e v i d e n c e  

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

l a t e r  i s o l a t e d  w e r e  m e m b e r s  o f  t h e  a i r - s p o r a ,  b e c a u s e  

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

W a s h e d  f r u i t s  w e r e  f r e s h l y  c o n t a m i n a t e d  o n  e x p o s u r e .  T h e  

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

w e r e  in t h e  f i e l d  a n d  w h e n  t h e y  w e r e  e x p o s e d  to d r y  in t h e  

c o u r t y a r d  o f  t h e  B o t a n y  d e p a r t m e n t  ( s e e  T a b l e  38).

A  m a j o r  f a c t o r  c o n t r o l l i n g  t h e  a t m o s p h e r i c  s p o r e  

c o n c e n t r a t i o n  is r a i n f a l l .  R a i n  r e d u c e s  t h e  n u m b e r  of 

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

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

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

o f  s p o r e s  b e c o m i n g  a i r - b o r n e .  O n  the- o t h e r  h a n d ,  a 

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

t h e  r a i s i n g  o f  a t m o s p h e r i c  h u m i d i t y  a n d  s u b s e q u e n t  

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

In t h i s  i n v e s t i g a t i o n ,  t h e  s e a s o n ,  s u r p r i s i n g l y ,  d i d  

n o t  i n f l u e n c e  f u n g a l  c o n t a m i n a t i o n  in a n y  s i g n i f i c a n t  w a y ,  

a n d  t h e  a i r - d r i e . d  m a t e r i a l s  w e r e  c o n t a m i n a t e d  to 

p r a c t i c a l l y  t h e  s a m e  d e g r e e  in b o t h  s e a s o n s .  A n y w a y ,  s i n c e
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t h e  m o i s t u r e  c o n t e n t  o f  t h e  m a t e r i a l s  w a s  h i g h  w h e n  the 

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

i n e f f e c t u a l .  A n d  so, in b o t h  s e a s o n s ,  A. f 1a v u s . A. n i g e r  

A- o c . h r a c e u s , A. t e r r e u s , C. h e r b a r u m , C. l u n a t a , F. 

o x y s p o r u m , N e u r o s p o r a  c r a s s a . P. e y e  1 o p  i u m , R h  i z o p u s  sp. 

a n $  S.. r a c e m o s u m , w e r e  i s o l a t e d  f r o m  b o t h  o k r a  c h i p s  a n d  

p e p p e r  f r u i t s .  T h e  p o p u l a t i o n s  in t h e t w o  s e a s o n s  o f  e a c h  

s p e c i e s  w i t h  t h e  e x c e p t i o n  o f  N. c r a s s a ,  w a s  t h e  s a m e .  N. 

c r a s s a w a s  m o r e  a b u n d a n t  in t h e  r a i n y  s e a s o n .

S o l a r - d r y i n g  m e t h o d  g e n e r a t e s  h e a t  a n d  t h e  t e m p e r a t u r e  

m i g h t  h a v e  r e a c h e d  l e v e l s  u n f a v o u r a b l e  to s o m e  o f  t h e  

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

A. o c h r a c e u s , N. c r a s s a  a n d  S.. r a c e m o s u m  w e r e  a b s e n t  o n  t h e 

s o l a r - d r i e d  m a t e r i a l s .

U n l i k e  t h e  a i r - s p o r a ,  A. f 1a v u s  a n d  A. n i g e r  w e r e  t h e 

d o m i n a n t  s p e c i e s  o n  t h e  o k r a  a n d  p e p p e r  f r u i t s .  T h e i r  

n u t r i e n t s  s u i t e d  A. f 1a v u s  a n d  A. n i g e r  b e t t e r  t h a n  C. 

h e r b a r u m  a n d  F. o x v s p o r u m , t h e  p r e d o m i n a n t  m e m b e r s  o f  t h e  

ai r - s p o r a .

In a n o t h e r  s e t  o f  e x p e r i m e n t s ,  d r i e d  o k r a  f r u i t  c h i p s  

a n d  p e p p e r  f r u i t s  w e r e  g r o u n d  a n d  s t o r e d  a l o n g s i d e  

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

h u m i d i t y  o f  e i t h e r  2 0  o r  8 5 %  R . H .  S i m i l a r  p r e p a r a t i o n s  

w e r e  k e p t  e x p o s e d  in t h e  l a b o r a t o r y .  T h e  e x p e r i m e n t  w a s  

r e p e a t e d  in t h e  d r y  a n d  r a i n y  s e a s o n s .  P r e p a r a t i o n s  s t o r e d  

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

t h e  c h i p s  a n d  f r u i t s  d u r i n g  d r y i n g  a n d  a n y  o t h e r  

c o n t a m i n a n t s  d u r i n g  g r i n d i n g  o f  t h e  o k r a  c h i p s .  T h o s e
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e x p o s e d  in t h e  l a b o r a t o r y  w o u l d  b e  l i a b l e  to f u r t h e r  

c o n t a m i n a t i o n .  W h a t e v e r  t h e  s t o r a g e  c o n d i t i o n s ,  A. f 1a v u s  

an(  ̂ A - n i g e r  w e r e  p r e s e n t  o n  all t h e  p r o d u c t s  a f t e r  28 

d a y S . T w o  o t h e r  d o m i n a n t  f u n g i  w e r e  C l a d o s p o r  i u m  h e r b a r u m  

a n d P e n  i c i 1 1 i u m  c y c l o p i u m . N u t r i e n t s  o f  t h e  p r o d u c t s  h a v e  

b e e n  a d e c i d i n g  f a c t o r  in t h e  s u c c e s s  o f  t he  c o n t a m i n a n t s .

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

A. f 1a v u s  A. n i g e r  a n d  P. c v c l o p i u m  s h o u l d  b e  a s o u r c e  o f  

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

p r o d u c t s  w i t h  m y c o t o x i n s .  T h e  g r e a t e s t  p o t e n t i a l  f o r  

t o x i g e n i c  m o u l d  g r o w t h  a n d  m y c o t o x i n  p r o d u c t i o n  w i l l  o c c u r  

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

a n d  t h e  r e w e t t i n g  o f  d r i e d  a n d  s t o r e d  p r o d u c t s .  

E x p e r i m e n t s  in t h i s  i n v e s t i g a t i o n  h a v e  s h o w n  t h a t  t h e  o k r a  

a n d  p e p p e r  p r o d u c t s  a b s o r b e d  w a t e r  f r o m  a t m o s p h e r e s  o f  20 

a n d  8 5 %  R . H .  ( s e e  F i g s .  11 a n d  12) - r e n d e r i n g  t h e m

s u i t a b l e  f o r  m o u l d  g r o w t h .  S t o r a g e  o f  g r o u n d  m a t e r i a l s  

c r e a t e s  s p e c i a l  p r o b l e m s .  H e r e  t h e  p r o t e c t i v e  c u t i c l e  of 

t h e  f r u i t  e p i c a r p  a n d  t h e  p r o t e c t i v e  o u t e r  t e s t a  o f  t h e  

s e e d s  a r e  d e s t r o y e d  a n d  t h e  r i c h  n u t r i e n t s  i n s i d e  c a n  n o w  

b e  e a s i l y  c o l o n i s e d  b y  t o x i g e n i c  m o u l d s .  T h e  p r a c t i c e  o f  

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

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

m y c o t o x i n  s y n t h e s i s .  T w o  m a j o r  e n v i r o m e n t a l  f a c t o r s  w h i c h  

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

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

d e s i c c a n t s  o r  d e h u m i d i f i e r s  a n d  a d j u s t i n g  the t e m p e r a t u r e  

to l e v e l s  t h a t  s u p p r e s s  m y c o t o x i n  b i o s y n t h e s i s  a r e  s o m e  o f



t h e  r e c o m m e n d e d  p r a c t i c e s .  E v e n  t h e  p l a n t  g e n o m e  is k n o w n  

to i n f l u e n c e  t h e a m o u n t  o f  m y c o t o x i n  f o r m e d  b y  a f u n g u s  

w h i c h  h a s  s u c c e s s f u l l y  c o l o n i z e d  t h e  c r o p .  I n d e e d ,  o n e  

p o s s i b l e  a p p r o a c h  to c o n t r o l  m y c o t o x i n  f o r m a t i o n  in p l a n t s  

w i l l  b e  p l a n t  b r e e d i n g  p r o g r a m m e s ,  as h a s  b e e n  a d v o c a t e d  

f o r b y  M i x o n  ( 1 9 7 7 )  a n d  Z u b e r  ( 1 9 7 7 )  a m o n g  o t h e r s .  A. 

f 1a v u s  p r o d u c e s  a f l a t o x i n s  w h i c h  h a v e  b e e n  m o r e  

e x t e n s i v e l y  s t u d i e d  t h a n  a n y  o t h e r  m y c o t o x i n s .  T h e y  c a u s e  

c a n c e r  o f  t h e  l i v e r .  T h e i r  r e c o g n i t i o n  as p o t e n t

c a r c i n o g e n s  in s o m e  a n i m a l s  a n d  in m a n  h a s  m a d e  t h e m  

s u b j e c t s  o f  g o v e r n m e n t  l e g i s l a t i o n  a s  w e l l  as v a l u a b l e  

t o o l s  in t h e  s t u d y  o f  c a n c e r .  A f l a t o x i n  in h a y s  a n d  f e e d s  

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

o f  l a c t a t i n g  c a t t l e .  A. f 1 a v u s  s y n t h e s i z e s  t h r e e

a f l a t o x i n s .  n a m e l y  . A f l a t o x i n s  B p  B 2 a n d  M j . A f l a t o x i n  M ( 

is a s  a c u t e l y  t o x i c  as B j . L a c t a t i n g  m a m m a l s  c o n s u m i n g  

f e e d s t u f f s  c o n t a m i n a t e d  w i t h  a f l a t o x i n  Bj o r  B^ e x c r e t e  i n t o  

t h e i r  m i l k  a f 1 a t o x  in Mj (St o 1 o f  f , 1 9 7 7 :  St e y n . 1 9 8 0 ) .  A p a r t  

f r o m  b e i n g  c a r c i n o g e n o u s , a f l a t o x i n s  a r e  a l s o  a c u t e  

p o  i s o n s  .

D r i e d  p e p p e r  f r u i t s  a n d  o k r a  f r u i t  c h i p s  o r  t h e

p o w d e r s  o f  t h e s e  f r u i t s  a r e  v e r y  e x t e n s i v e l y  u s e d  in W e s t  

A f r i c a .  T h e y  d e s e r v e  f a r  m o r e  a t t e n t i o n  w i t h  r e g a r d s  to 

t h e i n c i d e n c e  o f  A. f 1 a v u s  t h a n  h i t h e r t o  g i v e n  to t h e m .  

U n t i l  m e t h o d s  o f  d e g r a d i n g  o r  d e t o x i f y i n g  o f  a f l a t o x i n s  

h a v e  b e e n  p e r f e c t e d  a n d  c a n  b e  a p p l i e d  to c o m m e r c i a l

p r o d u c t s ,  t h e  b e s t  w a y s  o f  p r e v e n t i o n  o f  f o r m a t i o n  o f  

m y c o t o x i n s  in t h e s e  p r o d u c t s  l i e s  in m i n i m i z i n g  g r o w t h  o f
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A fj .g.v u s  . T h i s  c o u l d  b e  d o n e  b y  h a r v e s t i n g  t h e  f r u i t s ,  

e s p e c i a l l y  p e p p e r  w h i c h  is d r i e d  w h o l e ,  w i t h  m i n i m u m  s k i n  

d a m a g e ,  u s i n g  e f f i c i e n t  d r y i n g  t e c h n i q u e s  t h a t  r e d u c e  

m o i s t u r e  o f  the p r o d u c t s  in a v e r y  s h o r t  t i m e ,  a n d  

p r e v e n t i n g  r e - a b s o r p t i o n  o f  m o i s t u r e  b y  t h e  d r i e d  p r o d u c t s  

in s t o r a g e .  T h e s e  p r e v e n t i v e  m e t h o d s  c o u l d  a l s o  a p p l y  to 

A. ni_ger w h i c h  p r o d u c e s  o x a l i c  a c i d  a n d  P. c v c l o o i u m  w h i c h  

s y n t h e s i z e s  a n  a r r a y  o f  m y c o t o x i n s -  C y c l o p i a z o n i c  a c i d ,  

O c h r a t o x i n  A, P e n i c i l l i c  a c i d  a n d  P e n i t r e m  A. T h e  b e s t  

k n o w n  a m o n g  t h e m  is O c h r a t o x i n  A  w h i c h  c a u s e s  i n f l a m m a t i o n  

o f  t h e  k i d n e y  ( n e p h r i t i s ) .  M e a n w h i l e ,  t he  i n v e s t i g a t i o n  

s h o u l d  b e  e x t e n d e d  in t h e  f u t u r e  to e x a m i n a t i o n  o f  t h e  

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

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

c o n t a m i n a t i o n  o f  t h e  p r o d u c t s  w i t h  c h e m i c a l s ,  v i z . . 

b i o l o g i c a l  b r e a k d o w n  o f  a f l a t o x i n s  is b y  u s i n g  

m i c r o o r g a n i s m s  s u c h  as F 1a v o b a c t  er i u m  a u r a n  t i a c u m  ( M a r t h  

a n d  D o y l e ,  1 9 7 9 ) .  T h e  l e v e l  o f  i n c i d e n c e  o f  A. f 1a v u s  in 

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

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

t h e r e  a r e  a f 1a t o x i n - p r o d u c i n g  a n d  n o n - a f l a t o x i n - p r o d u c i n g  

s t r a i n s  o f  A. f 1a v u s .

I r r a d i a t i o n  is a n e w l y - i n t r o d u c e d  m e t h o d  o f  c o n t r o l  of 

d e t e r i o r a t i n g  f u n g i  o f  f o o d  p r o d u c t s .  In G h a n a  it is at 

t he e x p e r i m e n t a l  l e v e l  i n i t i a t e d  b y  t h e  G h a n a  A t o m i c  E n e r g y  

C o m m i s s i o n ,  K w a b e n y a .  T h e  r e s u l t s  o f  i r r a d i a t i o n  t e s t s  on 

b u l b s  o f  t h e  t w o  o n i o n  v a r i e t i e s ,  R e d  C r e o l e  a n d  T e x a s  

G r a n o  in T a b l e s  4 5  to 55 a r e  s u m m a r i z e d  in Fig. 29. T h e



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

the v a r i o u s  s t a g e s  o f  t h e  t e s t s .  T h e  o n i o n s  w e r e  p l a n t e d  

in b o t h  t h e  d r y  a n d  r a i n y  s e a s o n s  in s o i l s  t r e a t e d  w i t h  

e i t h e r  M a n u r e  ( c o w d u n g )  o r  M a n u r e  ( c o w d u n g )  a n d  S u l p h a t e  of 

A m m o n i a .  T a b l e  6 s h o w e d  t h a t  T e x a s  G r a n o  p r o d u c e d  m o r e  

b u l b s  b o t h  in t h e  d r y  s e a s o n  ( N o v e m b e r  1 9 8 8  - F e b r u a r y  

1 9 8 9 )  a n d  in t h e  r a i n y  s e a s o n  ( J u n e  - A u g u s t ,  1 9 8 9 )  in 

s o i l s  w i t h  c o w d u n g  o n l y .  O n  t h e  o t h e r  h a n d ,  t h e  y i e l d s  of 

R e d  C r e o l e  in t h e  t w o  t y p e s  of s o i l s  d u r i n g  t h e  r a i n y  

s e a s o n  w e r e  s i m i l a r ,  w h i l e  a h i g h e r  y i e l d ,  b y  a b o u t  20 p e r  

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

s e a s o n .  It is, t h e r e f o r e ,  n o t  p o s s i b l e  to m a k e  a

r e c o m m e n d a t i o n  o f  g e n e r a l  a p p l i c a t i o n .

W h e n  t h e  b u l b s  o f  t h e  t w o  v a r i e t i e s  w e r e  c u r e d  f o r  30 

d a y s ,  irradiat€.;<A w i t h  G a m m a  r a y s  o f  0 . 0 5  G y  a n d  0 . 1 0  G y

d o s a g e s  a n d  s t o r e d  f o r  90 d a y s ,  t h e y  a ll  s h o w e d  h i g h

i n c i d e n c e  o f  A. n i g e r  w h i c h  w a s  t h e  p r e d o m i n a n t  

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

c o r e s  o f  t h e  b u l b s  a n d  t h e  o u t e r  t h r e e  s c a l e  l e a v e s .  

S o m e t i m e s ,  t he  i r r a d i a t e d  b u l b s  h a d  f a r  g r e a t e r  l e v e l s  of 

A. n i g e r  c o n t a m i n a t i o n  t h a n  t h e  c o n t r o 1- n o n - i r r a d i a t e d

b u l b s ,  as r e c o r d e d ,  f o r  e x a m p l e ,  in T a b l e s  4 9  a n d  50. It 

a p p e a r e d  t h a t  i r r a d i a t i o n  at t he  d o s a g e s  u s e d  h a d  n o  e f f e c t  

o n  A. n i g e r  a n d  t h e  o t h e r  i m p o r t a n t  c o n t a m i n a n t s .  I n d e e d ,  

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

F. o x v s p o r u m  a n d  P. c y c l o p i u m  o n  s o m e  o c c a s i o n s  ( s e e  T a b l e s  

4 7$ 4 8  a n d  51 ) . O n  the b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  f r o m  

t h e s e  t e s t s ,  i r r a d i a t i o n  c a n n o t  b e  r e c o m m e n d e d  f o r  t h e
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c o n t r o l  o f  c o n t a m i n a n t s  o f  s t o r e d  o n i o n  b u l b s .

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

h a r v e s t e d  b u l b s  o f  all t r e a t m e n t s  w e r e  A. n i g e r , F. 

o x y s p o r u m  a n d  P. c y  c 1 o p  i u m . T h e  la s t t w o  s p e c i e s  

u l t i m a t e l y  d e c r e a s e d  to l o w  l e v e l s  in t he  e n d ,  at l e a st , 

b u t  s u r v i v e d  w e l l  t h e  3 0  d a y s  o f  c u r i n g .

It is r e a s s u r i n g  t h a t  i r r a d i a t i o n  d i d  n o t  a f f e c t  t h e  

A s c o r b i c  a c i d  c o n t e n t  o f  t h e  b u l b s  ( s e e  T a b l e  55) in c a s e  

t h e  n e e d  w i l l  a r i s e  t o  r e s o r t  to it to c o n t r o l  s p r o u t i n g  

f o l l o w i n g  t h e  o b s e r v a t i o n s  r e c o r d e d  in T a b l e  56. K h a n  a n d  

W a h i d  ( 1 9 7 7 )  h a d  r e c o m m e n d e d  t h a t  i r r a d i a t e d  b u l b s  s h o u l d  

b e  s t o r e d  at 1 4 - 1 6  °C f o r  e f f e c t i v e  s u p p r e s s i o n  o f  

s p r o u t i n g .  T h i s  s u g g e s t i o n  s h o u l d  b e  c o n s i d e r e d  in a n y  

f u t u r e  r e l e v a n t  s t u d i e s .

F i n a l l y ,  e x p e r i m e n t s  o n  t h e  g r o w t h  o f  a f u n g u s  is n ot  

u n c o m m o n .  It is n o t  a n  e x e r c i s e  to e x a m i n e  t h e  n e e d  o f  t h e  

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

s a l t s ,  b e c a u s e  t h e y  a r e  a ll  e s s e n t i a l  f o r  t h e  g r o w t h  o f  t h e  

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

f u n c t i o n a l  p u r p o s e s .  T h e y  a r e  th e  p r i n c i p a l  r e s p i r a t o r y  

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

s y n t h e s i s  a n d  f o r  t h e  i n n u m e r a b l e  e n z y m e s .  It is n o w  w e l l  

e s t a b l i s h e d  t h a t  i n o r g a n i c  s a l t s  u s e d  b y  f u n g i  c o u l d  be  

d i v i d e d ,  a s  w i t h  h i g h e r  p l a n t s ,  i n t o  m a c r o -  a n d  m i c r o -  

n u t r i e n t s ,  a c c o r d i n g  to t h e  q u a n t i t i e s  r e q u i r e d  b y  f u n g i  

( C o c h r a n e ,  1 9 5 8 ;  H a w k e r ,  19 5 0 ;  L i l l y  a n d  B a r n e t t ,  1 9 5 1 ) .

T h e  i n f l u e n c e  o f  t h e  m a c r o - e l e m e n t s ,  p h o s p h o r u s ,  

p o t a s s i u m ,  m a g n e s i u m  a n d  s u l p h u r  i n d i v i d u a l l y  o n  g r o w t h  of
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.C o r y n e s p o r a  c_as i i c o  1 a , w h i c h  h a s  b e e n  r e c o r d e d  f o r  t h e  

f i r s t  t i m e ^ i n  G h a n a ,  d u r i n g  t h e  c o u r s e  o f  t h e  p r e s e n t  

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

P h o s p h o r u s  is r e q u i r e d  f o r  t h e  u t i l i z a t i o n  o f  g l u c o s e  

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

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

f l a v i n  a n d  u r i d i n e  a n d  o t h e r  c o - e n z y m e s  l i k e  p y r i d o x a l  

p h o s p h a t e  a n d  t h i a m i n e  p y r o p h o s p h a t e .  It is t h e  b a s i c  

c o n s t i t u e n t  o f  al l  n u c l e i c  a c i d s .  A v e r y  l o w  s u p p l y  o f  

p o t a s s i u m  to f u n g i  is a c c o m p a n i e d  b y  p o o r  s u g a r  

u t i l i z a t i o n ,  a n d  it s e e m s  f r o m  w o r k  w i t h  o r g a n i s m s  o t h e r  

t h a n  f u n g i  t h a t  p o t a s s i u m  h a s  a n  e s s e n t i a l  f u n c t i o n  in 

c a r b o h y d r a t e  m e t a b o l i s m .  M a g n e s i u m  is r e q u i r e d  in

p h o s p h o r y l a t i o n  s y s t e m s  e s p e c i a l l y  in t h e  g l y c o l y t i c  

p a t h w a y s ,  o f t e n  a c t i n g  as a l i n k  b e t w e e n  s u b s t r a t e ,  e n z y m e  

a n d  c o - e n z y m e .  F i n a l l y ,  s u l p h u r  is a w e l l  k n o w n  

c o n s t i t u e n t  o f  a m i n o  a c i d s ,  s u c h  as m e t h i o n i n e ,  c y s t e i n e ,  

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

v i t a m i n s ,  t h i a m i n e  a n d  b i o t i n .  T h u s ,  s u l p h u r  is

i n c o r p o r a t e d  i n t o  a v a r i e t y  o f  a l l c e l l  m a t e r i a l s .

T h e  m i n e r a l  e l e m e n t s  a r e  u s u a l l y  r e q u i r e d  in v e r y  

m i n u t e  q u a n t i t i e s  b y  f u n g i  a n d  c o n c e n t r a t i o n s  o f  0 . 1 4 x l 0 ' 6M 

to 9 . 0  x 10"^M w e r e  t h e r e f o r e  t e s t e d .

T h e  o p t i m u m  c o n c e n t r a t i o n s  o f  C a C l j ^ f ^ O ,  K C l  , KjSO^ , 

N a H 2 PO^. 2 H 20 a n d  M g C l 2 i d e n t i f i e d  f o r  g r o w t h  o f  C. 

c a s  i i c o 1 a w e r e  2 9 . 0  x 1 0 ^ M ,  8 . 0  x 1 0 ^ M ,  5 . 7  x 1 0 ^ M ,  1 0 . 0  x 

10'4 M a n d  6 5 . 0  x 10'4M, r e s p e c t i v e l y  ( s e e  T a b l e s  72, 73, 74, 

75 a n d  7 6 ) .  A n  i n t e r e s t i n g  o b s e r v a t i o n  is t h a t  in all
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c a s e s  t h e  p e a k  g r o w t h  w a s  a t t a i n e d  at 6 - 8  d a y s  a n d  g r o w t h  

t h e n  d e c l i n e d .  T h e  p H  o f  all t h e  m e d i a  f e l l  w i t h i n  t h e  

s u i t a b l e  p H  r a n g e  o f  p H  3 . 7 7  a n d  p H  7 . 8 7  f o r  g r o w t h  o f  C 

c a s  i i co 1 & ( s e e  T a b l e  6 6) .  T h e  a b i l i t y  t o  g r o w  w e l l  o v e r  

c o n c e n t r a t i o n  r a n g e s  o f  t h e s e  s a l t s  a s  w e l l  as t h e  b r o a d  

s u i t a b l e  p H  r a n g e  w o u l d  e n a b l e  t h e f u n g u s  to f l o u r i s h  in 

h a b i t a t s  w i t h  f l u c t u a t i n g  c o n d i t i o n s .

It a l s o  s h o w e d  a n  o p t i m u m  t e m p e r a t u r e  o f  30 °C a n d  g o o d  

g r o w t h  at 27 °C ( s e e  T a b l e  65 ) , a n d  u n d e r  n o r m a l  d a y - n i g h t  

r e g i m e  ( s e e  T a b l e  68) a d a p t i n g  it to t h e t r o p i c a l  

■ environment

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

an e x t e r n a l  s u p p l y  o f  t h i a m i n e ,  a n d  t h e  d r y  w e i g h t  o f  t h e  

m y c e l i u m  at a c o n c e n t r a t i o n  o f  1 0 0 u g / l  w a s  d o u b l e  ( 1 44  

u g / l )  t h a t  o f  t h e  c o n t r o l  ( 7 0 . 0  u g / l )  w i t h o u t  t h i a m i n e  ( s e e  

T a b l e  6 4 ) .  C. c a s  i i c o 1 a d i d  n o t  o c c u r  at h i g h  f r e q u e n c i e s  

d u r i n g  t h i s  s t u d y .  P o s s i b l y ,  l o w  t h i a m i n e  l e v e l s  in & L a r}t&  

c o u l d  h a v e  c o n t r i b u t e d  to t h i s .

It w a s  n o r m a l  t h a t  C. c a s  i i c o 1 a c o u l d  n o t  u s e  e i t h e r  

d i f f e r e n t  c a r b o n - s o u r c e s  o r  d i f f e r e n t  n i t r o g e n  s o u r c e s  to 

t h e  s a m e  e x t e n t .  R e l e v a n t  i n f o r m a t i o n  c o n c e r n i n g  m a n y  

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

l i t e r a t u r e .  S o m e t i m e s ,  t h e  i n a b i l i t y  of a f u n g u s  to u s e  

c e r t a i n  c o m p o u n d s  m a y  b e  d u e  to o t h e r  c a u s e s .  It is l i k e l y  

t h a t  t h e  p o o r  g r o w t h  o f  C . c a s  i i c o la in t h e  A m m o n i u m  

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

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

to t h e  a c i d i c  p H  ( p H  2 . 9  - 3 . 0 )  o n  o n l y  t h e  4 t h  d a y  of
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i n c u b a t i o n  ( s e e  T a b l e  71 a n d  F i g .  23) o r  to b o t h .  At 

l e a s t ,  in t h e  f i e l d ,  a c i d i c  c o n d i t i o n s  w i l l  b e  i n i m i c a l  to 

C . c a s  i i c o 1 a .

E l e c t r i c a l  c o n d u c t i v i t y  o f  a m e d i u m  is r e l a t e d  to t h e  

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

t h e i r  a c t u a l  a n d  r e l a t i v e  c o n c e n t r a t i o n s .  F r e s h l y

d i s t i l l e d  w a t e r  h a s  a c o n d u c t i v i t y  o f  0 . 2  m S / m .  S o l u t i o n s  

o f  m o s t  i n o r g a n i c  s a l t s ,  a c i d s  a n d  b a s e s  a r e  g o o d

c o n d u c t o r s .  C o n v e r s e l y ,  t h e  d i s s o c i a t i o n  o f  m o s t  o r g a n i c  

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

i n o r g a n i c  o n e s  o r  t h e y  d o  n o t  d i s s o c i a t e  a n d  t h e y

t h e r e f o r e ,  c o n d u c t  a n  e l e c t r i c a l  c u r r e n t  v e r y  p o o r l y ,  if at 

a ll .

It w a s  i n t e r e s t i n g ,  t h e r e f o r e  to n o t e  t h a t  t h e  n a t u r a l  

m e d i a  ( C a s s a v a  d e x t r o s e  b r o t h ,  P a w p a w  e x t r a c t  b r o t h ,  P o t a t o  

d e x t r o s e  b r o t h ,  S w e e t  p o t a t o  d e x t r o s e  b r o t h  a n d  Y e a s t  

e x t r a c t )  h a d  l o w  c o n d u c t i v i t y  of l e s s  t h a n  2 u S / c m ,  e x c e p t  

V-8' j u i c e  w i t h  3 . 7 5 - 4 . 1 7  u S / c m  c o n d u c t i v i t y  ( s e e  A p p e n d i x  

Jj). It w o u l d  b e  n o t e d  t h a t  t h e c o n d u c t i v i t y  o f  T o m a t o  

j u i c e  ( s e e  A p p e n d i x  M| ) w a s  s i m i l a r  to t h a t  o f  V - 8  j u i c e  

w h i c h  is a m i x t u r e  o f  m a n y  f r u i t s  a n d  v e g e t a b l e s ,  w h i c h  

m i g h t  h a v e  c o n t a i n e d  f a i r l y  h i g h  c o n c e n t r a t i o n  o f  

i n o r g a n i c  s a l t s .

T h e  c o n d u c t i v i t y  o f  m e d i a  c o n t a i n i n g  A m m o n i u m  

c h l o r i d e ,  A m m o n i u m  n i t r a t e ,  A m m o n i u m  s u l p h a t e ,  P o t a s s i u m  

n i t r a t e  a n d  S o d i u m  n i t r a t e  ( s e e  A p p e n d i x  C 2) w a s ,  as c o u l d  

b e  e x p e c t e d ,  h i g h  ( 7 . 1 - 1 4 . 9  u S / c m ) .  H o w e v e r  a l ow  

c o n d u c t i v i t y  w a s  r e c o r d e d ,  e v e n  t h o u g h  s u f f i c i e n t l y  h i g h
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i n o r g a n i c  s a l t s  w e r e  i n c l u d e d  in o t h e r  m e d i a  as in t h e  c a s e  

o f  C a C l 2 . 2 H 20 ( s e e  A p p e n d i x  F 2 ) , K C l  ( S e e  A p p e n d i x  I2 ). KjSO^ 

( S e e  A p p e n d i x  L j ) , M g C l j  ( S e e  A p p e n d i x  0 2) a n d  N a H 2P 0 4. 2 H 20 

( s e e  A p p e n d i x  R 2) . A l k a l i n e  p H  d e c r e a s e s  c o n d u c t i v i t y  

( G E M S / W a t e r  O p e r a t i o n a l  G u i d e ,  1 9 8 7 )  a n d  t h e  h i g h  p H  v a l u e s  

o f  t h e  m e d i a  m i g h t  h a v e  r e d u c e d  t h e  c o n d u c t i v i t y .  T h i s ,  

h o w e v e r ,  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n  s o  t h a t  t h e  w i d e r  

v a r i a t i o n  in t h e  c o n d u c t i v i t y  o f  t h e  m e d i a  c o u l d  b e  f u l l y  

u n d e r s t o o d .

In c o n c l u s i o n ,  it h a s  b e e n  s h o w n  t h a t  o k r a ,  o n i o n ,  

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

g r o w i n g  in t h e  f i e l d .  T h e  f u n g i  o c c u r r e d  o n  l e a v e s ,  f r u i t s  

a n d  r o o t s .  T h e  s p e c i f i c  r o l e  o f  e a c h  s p e c i e s  o n  th e  g r o w t h  

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

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

is r e a s o n a b l e  to s u g g e s t  t h a t  t h e  d o m i n a n t  s p e c i e s ,  in 

p a r t i c u l a r ,  w o u l d  p l a y  r o l e s  w h i c h  h a d  b e e n  i d e n t i f i e d  in 

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

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

e i t h e r  p r o m o t i n g  t h r o u g h  t h e i r  a c t i v i t i e s  o r  r e t a r d i n g  it. 

A t  a n y  p a r t i c u l a r  t i m e ,  t h e  e x t e n t  o f  t h e  e f f e c t  w i l l  

d e p e n d  o n  s e v e r a l  f a c t o r s  eg. s p e c i e s  o f  t h e  o r g a n i s m s  o f  

t h e  a i r - s p o r a  o r  t h e  s o i l  w h i c h  a r e  t h e s o u r c e s  o f  t h e  

f u n g i ,  a n d  p h y s i o l o g i c a l  s t a t e  o f  t h e  s p e c i e s .  A p a r t  f r o m  

t h e  e c o l o g i c a l  i m p l i c a t i o n s  o f  f l o r a ,  t w o  a s p e c t s  of 

c o n s i d e r a b l e  i n t e r e s t  a r e  t h e  e f f e c t  o n  t h e  g r o w t h  o f  the 

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

w h i c h  w o u l d  u n d e r g o  v a r i o u s  c h a n g e s  - s t r u c t u r e ,  n u t r i e n t



v a l u e ,  c o l o u r ,  s c e n t  a n d  c o n t a m i n a t i o n  b y  m y c o t o x i n s  - 

t h r o u g h  t h e  a c t i v i t i e s  o f  the c o n t a m i n a t i n g  f u n g i .  T h e  

s p e c i f i c  r o l e  o f  e a c h  o f  t h e  m e m b e r s  o f  t h e  m y c o f l o r a  o f  

t h e s e  c r o p s  d e s e r v e  c r i t i c a l  e x a m i n a t i o n .
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1. T h e  m o n t h l y  r a i n f a l l  i n  t h e  d r y  s e a s o n ,  N o v e m b e r  a n d  

D e c e m b e r ,  1 9 8 8 ,  a n d  J a n u a r y  a n d  F e b r u a r y ,  1 9 8 9  w a s  38, 

0, 39 a n d  0 m m ,  r e s p e c t i v e l y ;  a n d  t h e  m o n t h l y  r a i n f a l l  

o f  t h e  r a i n y  s e a s o n ,  A p r i l ,  M a y ,  J u n e  a n d  J u l y ,  1 9 8 9  

w a s  8 8 . 9  1 2 1 . 8 ,  1 5 4 . 0  a n d  5 4 . 4  m m ,  r e s p e c t i v e l y .

2- a- T h e  m o n t h s  o f  t h e  d r y  s e a s o n ,  N o v e m b e r  a n d

D e c e m b e r ,  1 9 8 8  a n d  J a n u a r y ,  F e b r u a r y  a n d  M a r c h ,  

1 9 8 9  h a d  m i n i m u m  t e m p e r a t u r e s  o f  2 3 . 6 ,  2 2 . 8 ,  2 1 . 9  

2 3 . 9  a n d  2 4 . 2  °C w i t h  m a x i m u m  t e m p e r a t u r e s  o f  

3 1 . 6 ,  3 1 . 9 ,  3 2 . 5 ,  3 3 . 7  a n d  33 °C, r e s p e c t i v e l y .

b. T h e  m o n t h s  o f  t h e  r a i n y  s e a s o n ,  A p r i l ,  M a y ,  J u n e

a n d  J u l y ,  1 9 8 9  h a d  m i n i m u m  t e m p e r a t u r e s  o f  2 4 . 7 ,  

2 4 . 0 ,  2 3 . 2  a n d  2 3 . 0  °C w i t h  m a x i m u m  t e m p e r a t u r e s  

o f  3 3 . 1 ,  3 1 . 5 ,  2 9 . 9  a n d  2 8 . 4  °C, r e s p e c t i v e l y .

3 . ( i )  S o i l  T e m p e r a t u r e s  a n d  A t m o s p h e r i c  h u m i d i t i e s  a n d  

T e m p e r a t u r e  a t  t h e  E x p e r i m e n t a l  p l o t  i n  t h e  d r y  

s e a s o n :

a. O n  J a n u a r y  26, 1 9 8 9 ,  t h e  s o i l  t e m p e r a t u r e s  r o s e

f r o m  2 5  °C a t  6 . 0 0  a . m .  t o  3 2 . 3  °C a t  2 . 0 0  p . m .

a n d  d e c r e a s e d  t o  27 °C a t  9 . 0 0  p . m .  a t  a d e p t h  o f  

5 cm. T h e  t e m p e r a t u r e s  a t  a d e p t h  o f  1 0  cm. 

f o l l o w e d  t h e  s a m e  p a t t e r n .



b. F o r  t h e  s a m e  t i m e s  o f  t h e  d a y ,  t h e  r e s p e c t i v e

a t m o s p h e r i c  t e m p e r a t u r e s  a t  5 c m  a b o v e  s o i l  

s u r f a c e  w e r e  2 3 . 5 ,  3 6 . 0  a n d  2 5 . 8  °C,

r e s p e c t i v e l y ,  a n d  a t  1 0 c m  t h e y  w e r e  2 3 . 6 ,  3 3 . 8  

a n d  2 5 . 8  °C, r e s p e c t i v e l y .

c. T h e  a t m o s p h e r i c  r e l a t i v e  h u m i d i t i e s  

w h i c h  w e r e  i n v e r s e l y  r e l a t e d  t o  t h e  

a t m o s p h e r i c  t e m p e r a t u r e s  a n d  s o i l  

t e m p e r a t u r e s  a t  6 . 0 0  a . m . ,  2 . 0 0  p . m .  

a n d  9 . 0 0  p . m .  w e r e  96 , 62 a n d  8 8 %  R H , 

r e s p e c t i v e l y .

d. T h e  c o r r e s p o n d i n g  v a l u e s  f o r  J a n u a r y  

2 7 , 1 9 8 9 ,  w h i c h  w e r e  a l l  i n  t h e  s a m e  

d r y  s e a s o n  w e r e  c l o s e l y  s i m i l a r  t o  

t h o s e  o f  J a n u a r y  26, 1 9 8 9 .

( ii )  S o i l  T e m p e r a t u r e s  a n d  A t m o s p h e r i c  H u m i d i t i e s  a n d

T e m p e r a t u r e s  a t  t h e  E x p e r i m e n t a l  P l o t  i n  t h e  R a i n y  

S e a s o n .

a. O n  J u n e  2 1 ,  1 9 8 9 ,  t h e  s o i l  t e m p e r a t u r e s  r o s e  f r o m

2 6  °C a t  6 . 0 0  a . m .  t o  3 2 . 3  °C a t  2 . 0 0  p . m .  a n d

d e c r e a s e d  t o  2 6 . 8  °C a t  9 . 0 0  p . m .  a t  a d e p t h  o f

5 cm .  T h e  t e m p e r a t u r e s  a t  a d e p t h  o f  1 0 c m  r o s e  

f r o m  2 7  °C a t  6 . 0 0  a . m .  t o  3 1 . 5  °C a t  2 . 0 0  p . m .  

a n d  d e c r e a s e d  t o  2 7 . 5  °C.
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F o r  t h e  s a m e  t i m e s  o f  t h e  d a y ,  t h e  

r e s p e c t i v e  a t m o s p h e r i c  t e m p e r a t u r e s  a t  

5 c m  a b o v e  t h e  s o i l  s u r f a c e  w e r e  24, 35 

a n d  2 4 . 5  °C, r e s p e c t i v e l y ,  a n d  2 3 . 6 ,

3 2 . 0  a n d  2 3 . 5  °C, r e s p e c t i v e l y ,  a t  10

25S"

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

r e l a t e d  t o  t h e  a t m o s p h e r i c  t e m p e r a t u r e s  a n d  s o i l  

t e m p e r a t u r e s  w e r e  98, 7 2  a n d  9 8  % R . H . ,  

r e s p e c t i v e l y ,  a t  6 . 0 0  a . m . ,  2 . 0 0  p . m .  a n d  9 . 0 0  

p . m .

d. T h e  c o r r e s p o n d i n g  v a l u e s  f o r  J u n e  22,

1 9 8 9 ,  J u l y  27 ,  1 9 8 9  a n d  J u l y  28, 1 9 8 9  

w h i c h  w e r e  a l l  i n  t h e  s a m e  r a i n y  s e a s o n  

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

21, 1 9 8 9 .

T h e  t o t a l  y i e l d  o f  40 p l a n t s  o f  e a c h  o f  t h e  t h r e e  

T o m a t o  v a r i e t i e s :

a. S t a k e d  a n d  u n s t a k e d  H e i n z  v a r i e t i e s

p r o d u c e d  2 3 5  a n d  2 3 9  f r u i t s ,  

r e s p e c t i v e l y ,  i n  t h e  d r y  s e a s o n .

b. S t a k e d  a n d  u n s t a k e d  H e i n z  v a r i e t i e s

p r o d u c e d  4 2  a n d  3 4  f r u i t s ,  

r e s p e c t i v e l y ,  i n  t h e  r a i n y  s e a s o n .



S t a k e d  a n d  u n s t a k e d  R o m a  v a r i e t i e s  

p r o d u c e d  3 5 2  a n d  2 8 7  f r u i t s ,

r e s p e c t i v e l y ,  i n  t h e  d r y  s e a s o n .

S t a k e d  a n d  u n s t a k e d  R o m a  v a r i e t i e s  

p r o d u c e d  1 1 2  a n d  1 0 0  f r u i t s ,

r e s p e c t i v e l y ,  i n  t h e  r a i n y  s e a s o n .

S t a k e d  a n d  u n s t a k e d  W o s o w o s o  v a r i e t i e s  

p r o d u c e d  6 8 0  a n d  6 3 4  f r u i t s ,

r e s p e c t i v e l y ,  i n  t h e  d r y  s e a s o n .

S t a k e d  a n d  u n s t a k e d  W o s o w o s o  v a r i e t i e s  

p r o d u c e d  2 5 1  a n d  2 0 7  f r u i t s ,

r e s p e c t i v e l y ,  i n  t h e  r a i n y  s e a s o n .  

I n c i d e n c e  o f  F r u i t  C r a c k i n g :

I n  t h e  d r y  s e a s o n ,  1 1 . 9 ,  1 . 1  a n d  2 9 . 6

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

H e i n z ,  R o m a  a n d  W o s o w o s o  v a r i e t i e s ,  

r e s p e c t i v e l y  o f  s t a k e d  p l a n t s  c r a c k e d  

b e f o r e  h a r v e s t i n g  t i m e ,  w h i l e  t h e

p e r c e n t a g e s  f o r  u n s t a k e d  p l a n t s  w e r e ,

1 1 . 3 ,  1 . 4  a n d  3 6 . 3  p e r  c e n t ,

r e s p e c t i v e l y .

I n  t h e  r a i n y  s e a s o n ,  0 . 0 ,  1 . 8  a n d  1 5 . 5  

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

H e i n z ,  R o m a  a n d  W o s o w o s o  v a r i e t i e s ,



r e s p e c t i v e l y ,  o f  s t a k e d  p l a n t s  c r a c k e d  

b e f o r e  h a r v e s t i n g  t i m e ,  w h i l e  t h e  

r e s p e c t i v e  p e r c e n t a g e s  f o r  u n s t a k e d  

p l a n t s  w e r e  7 0 . 6 ,  0 . 0  a n d  1 1 . 6  p e r

c e n t .

6. R o t t i n g  o f  T o m a t o  F r u i t s .

a. I n  t h e  d r y  s e a s o n ,  3 . 4 ,  7 . 7  a n d  0 . 0  p e r  c e n t  o f  

s t a k e d  p l a n t s  o f  H e i n z ,  R o m a  a n d  W o s o w o s o  

v a r i e t i e s ,  r e s p e c t i v e l y ,  r o t t e d ,  c o m p a r e d  w i t h  

c o r r e s p o n d i n g  v a l u e s  o f  9 . 2 ,  7 . 7  a n d  0 . 0  p e r  c e n t  

o f  u n s t a k e d  p l a n t s .

b. I n  t h e  r a i n y  s e a s o n ,  4 . 8 ,  5 . 4  a n d  6 . 0  p e r  c e n t  of

f r u i t s  o f  s t a k e d  p l a n t s  o f  H e i n z ,  R o m a  a n d

W o s o w o s o  v a r i e t i e s ,  r e s p e c t i v e l y ,  r o t t e d ,

c o m p a r e d  w i t h  c o r r e s p o n d i n g  v a l u e s  o f  2 0 . 6 ,  1 3 . 0  

a n d  3 . 4  p e r  c e n t  o f  u n s t a k e d  p l a n t s .

7. Y i e l d  o f  O n i o n  p l a n t s  w i t h  d i f f e r e n t  i n d i c a t e d  s o i l

, t r e a t m e n t s  w e r e  a s  f o l l o w s :

a. R e d  C r e o l e  v a r i e t y  i n  s o i l  w i t h :

(i) M a n u r e  i n  d r y  a n d  r a i n y  s e a s o n s :  1 3 8

a n d  1 1 7  b u l b s ,  r e s p e c t i v e l y .

2 5 ?

( i i )  M a n u r e  a n d  S u l p h a t e  o f  A m m o n i a  i n  d r y



a n d  r a i n y  s e a s o n s :  1 0 8  a n d  1 2 1  b u l b s ,  

r e s p e c t i v e l y .

b. T e x a s  G r a n o  v a r i e t y  i n  s o i l  w i t h :

(i) M a n u r e  i n  d r y  a n d  r a i n y  s e a s o n s :  1 1 9

a n d  96 b u l b s ,  r e s p e c t i v e l y .

( i i )  M a n u r e  a n d  S u l p h a t e  o f  A m m o n i a  i n  d r y  

a n d  r a i n y  s e a s o n s :  1 9 6  a n d  1 1 0  b u l b s ,  

r e s p e c t i v e l y .

N o n e  o f  t h e  b u l b s  o f  t h e  t w o  O n i o n  v a r i e t i e s  i n  s o i l s  

w i t h  e i t h e r  M a n u r e  o r  M a n u r e  a n d  S u l p h a t e  o f  A m m o n i a  

t r e a t m e n t s  r o t t e d  i n  s o i l  i n  t h e  d r y  s e a s o n .

I n  t h e  r a i n y  s e a s o n ,  s o m e  o f  t h e  b u l b s  r o t t e d :

a. T h e  p e r c e n t a g e  r o t  o f  R e d  C r e o l e  a n d

T e x a s  G r a n o  b u l b s  i n  s o i l s  w i t h  M a n u r e  

t r e a t m e n t  w a s  2 . 6  a n d  1 0 . 4  p e r  c e n t ,  

r e s p e c t i v e l y .

b. T h e  p e r c e n t a g e  r o t  o f  R e d  C r e o l e  a n d

T e x a s  G r a n o  b u l b s  i n  s o i l s  w i t h  M a n u r e  

a n d  S u l p h a t e  o f  A m m o n i a  t r e a t m e n t  w a s  

2 . 5  a n d  3 . 6  p e r  c e n t ,  r e s p e c t i v e l y .

Y i e l d  o f  O k r a  p l a n t s :

a. A  t o t a l  o f  1 3 1  a n d  1 0 3  f r u i t s ,  r e s p e c t i v e l y ,  p e r

25?



40 p l a n t s  o f  C l e m s o n  s p i n e l e s s  a n d  L o c a l  

v a r i e t i e s  i n  t h e  d r y  s e a s o n

b - A  t o t a l  7 3 6  a n d  2 5 7  f r u i t s ,

r e s p e c t i v e l y ,  p e r  40 p l a n t s  o f  C l e m s o n

s p i n e l e s s  a n d  L o c a l  v a r i e t i e s  i n  t h e

r a i n y  s e a s o n .

Y i e l d  o f  P e p p e r  p l a n t s :

T h e  t o t a l  y i e l d  p e r  40 p l a n t s  i n  t h e  d r y  a n d  r a i n y  

s e a s o n s  w a s  1 4 4 2  a n d  3 3 9 4  f r u i t s ,  r e s p e c t i v e l y .

A  l o w  p e r c e n t a g e ,  2 . 1  a n d  3 . 5  p e r  c e n t  o f  t h e  p e p p e r  

f r u i t s  i n  t h e  d r y  a n d  r a i n y  s e a s o n s ,  r e s p e c t i v e l y .

A  h i g h  p e r c e n t a g e  o f  6 9 . 4  p e r  c e n t  o f  t h e  p e p p e r  

f r u i t s  i n  t h e  d r y  s e a s o n  c o m p a r e d  w i t h  2 . 8  p e r  c e n t  i n  

t h e  r a i n y  s e a s o n  w a s  d a m a g e d  b y  b i r d s .

T h e  a i r  s p o r a  o f  t h r e e  l o c a t i o n s ,  E x p e r i m e n t a l  P l o t ,  

U n i v e r s i t y  F a r m  a n d  P r i v a t e  F a r m  w e r e  r e c o r d e d  f r o m  

J a n u a r y ,  1 9 8 9  t o  D e c e m b e r ,  1 9 9 0 .  T h e  p a t t e r n  o f  

o c c u r r e n c e  v a r i e d  a c c o r d i n g  t o  t h e  s t a t i o n :

a. A t  t h e  E x p e r i m e n t a l  P l o t ,  t h e r e  w a s  a

s i n g l e  p r o m i n e n t  p e a k  i n  J a n u a r y ,  1 9 8 9 .

b. A t  t h e  U n i v e r s i t y  F a r m  t h e r e  w e r e  t h r e e



p r o m i n e n t  p e a k s  i n  J a n u a r y ,  1 9 8 9 ,

F e b r u a r y  a n d  A p r i l ,  1 9 9 0 .

c - A t  t h e  P r i v a t e  F a r m  t h e r e  w a s  a s i n g l e

p r o m i n e n t  p e a k  i n  J u n e , 1 9 9 0 .

15. F u n g a l  S p e c i e s :

a. T h e  p r e d o m i n a n t  s p e c i e s  a t  t h e  E x p e r i m e n t a l  P l o t

w e r e  C l a d o s p o r i u m  h e r b a r u m  a n d  F u s a r i u m  

o x v s p o r u m .

b. T h e  r e m a i n i n g  s p e c i e s  a t  t h e  E x p e r i m e n t a l  P l o t

i n  o r d e r  o f  d e c r e a s i n g  a b u n d a n c e  w e r e

A l t e r n a r i a  a l t e r n a t a , A s p e r g i l l u s  f l a v u s , 

A s p e r g i l l u s  o c h r a c e u s ,  A s p e r g i l l u s  n i q e r , 

A s p e r g i l l u s  t e r r e u s ,  C o r v n e s p o r a  c a s i i c o l a . 

C u r v u l a r i a  l u n a t a ,  F u s a r i u m  sp. , H e l m i n t h o s p o r i u m  

s p . , N e u r o s p o r a  s i t o p h i l a , N i a r o s p o r a  s p . , 

P e j i i c i l l i u m  c v c l o p i u m ,  R h i z o p u s  s p . ,  S t e r i l e  

m y c e l i a ,  T r i c h o d e r m a  v i r i d e  a n d  Y e a s t  spp.

c. T h e  p r e d o m i n a n t  s p e c i e s  a t  t h e  U n i v e r s i t y  F a r m

w e r e  C l a d o s p o r i u m  h e r b a r u m  a n d  F u s a r i u m

o x v s p o r u m .

d. T h e  r e m a i n i n g  s p e c i e s  a t  t h e  U n i v e r s i t y  F a r m  i n

o r d e r  o f  d e c r e a s i n g  a b u n d a n c e  w e r e  A s p e r g i l l u s  

n i g e r ,  C u r v u l a r i a  l u n a t a . A l t e r n a r i a

a l t e r n a t a , A s p e r g i l l u s  f l a v u s , A s p e r g i l l u s
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o c h r a c e u s , A s p e r a i l l u s  t e r r e u s , C o r y n e s p o r a  

c a s i i c o l a , F u s a r i u m  s p . , H e l m i n t h o s p o r l u m  sp, 

N i g r o s p o r a  sp ,  P e n i c i l l j  u m  c y c l o p i u m . R h i z o p u s  

s p . ,  S t e r i l e  m y c e l i a ,  T r i c h o d e r m a  v i r i d e  a n d  

Y e a s t  spp.

e. T h e  p r e d o m i n a n t  s p e c i e s  a t  t h e  P r i v a t e  F a r m  w e r e

C l a d o s p o r i u m  h e r b a r u m  a n d  F u s a r i u m  o x v s p o r u m .

f. T h e  r e m a i n i n g  s p e c i e s  a t  t h e  E x p e r i m e n t a l  P l o t  i n

o r d e r  o f  d e c r e a s i n g  a b u n d a n c e  w e r e :  C u r v u l a r i a

l u n a t a ,  N i g r o s p o r a  s p . , A s p e r a i l l u s  n i g e r . 

C o r y n e s p o r a  c a s i i c o l a , F u s a r i u m  s p . ,  

H e l m i n t h o s p o r i u m  s p . , N e u r o s p o r a  s p . , R h i z o p u s  

s p ., A s p e r a i l l u s  f l a v u s . A s p e r a i l l u s  o c h r a c e u s . 

A l t e r n a r i a  a l t e r n a t a . A s p e r a i l l u s  t e r r e u s . 

P e n i c i l l i u m  c v c l o p i u m . S t e r i l e  m y c e l i a ,  

T r i c h o d e r m a  v i r i d e  a n d  Y e a s t  sp p .

16. T h e  t o m a t o  p l a n t s  s u f f e r e d  f r o m  C e r c o s p o r a  l e a f  s p o t  

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

p o w d e r y  m i l d e w ,  r.evei.llula t a u r i c a .

17. C e r c o s p o r a  l e a f  s p o t  d e v e l o p e d  o n  t o m a t o  p l a n t s  

g r o w i n g  i n  b o t h  d r y  a n d  r a i n y  s e a s o n s  a n d  o n  s t a k e d  

a n d  u n s t a k e d  p l a n t s .  A t  t h e  t i m e  o f  f i n a l  a s s e s s m e n t  

t h e  d i s e a s e  w a s ,  h o w e v e r ,  h i g h  i n  a l l  c a s e s :

a. D r y  S e a s o n :
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H e i n z  v a r i e t y  - s t a k e d ,  1 0 0  %, u n s t a k e d ,  1 0 0  %

R o m a  v a r i e t y  - s t a k e d ,  1 0 0 %, u n s t a k e d ,  100 %

W o s o w o s o  v a r i e t y  - s t a k e d ,  1 0 0  %, u n s t a k e d ,  1 00  %

b. R a i n y  S e a s o n :

H e i n z  v a r i e t y  - s t a k e d ,  9 7 . 5  %, u n s t a k e d ,  1 0 0 %  

R o m a  v a r i e t y  - s t a k e d ,  1 0 0 %, u n s t a k e d ,  1 0 0 %

W o s o w o s o  v a r i e t y  - s t a k e d ,  9 1 . 0  %, u n s t a k e d ,  9 8 . 7  %

18. M a x i m u m  L e v e i 1 l u l a  t a u r i c a  i n f e c t i o n  in t h e  d r y  

s e a s o n  w a s  9 6 . 2  p e r  c e n t  a n d  in t h e  r a i n y  s e a s o n  w a s

7 1 . 7  p e r  c e n t .

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

o k r a ,  p e p p e r  a n d  t o m a t o  d i f f e r e d  b o t h  q u a n t i t a t i v e l y  

a n d  q u a l i t a t i v e l y .

a. T h e  n u m b e r  o f  s p e c i e s  i s o l a t e d  f r o m  o k r a ,  p e p p e r  

a n d  t o m a t o  f r u i t s  w a s  23, 27 a n d  18,

r e s p e c t  i v e 1y .

b. T h e  p r e d o m i n a n t  s p e c i e s  o n  t h e  f r u i t s  w e r e :

O k r a  - A s p e r g i 1 lus n i g e r , C u r v u l a r i a  l u n a t a ,

F u s a r  i u m  o x v s p o r u m .

P e p p e r  - A s p e r g  i 1 lus f 1a v u s , C 1a d o s p o r  i u m  h e r b a r u m , 

a n d  F u s a r  i u m  o x v s p o r u m .

2 t e

T o m a t o - C l a d o s p o r  i u m  h e r b a r u m , a n d  F u s a r  i u m



QX_y s p o r u m .
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c. T h e  g e n u s  A s p e r g i 1 lus w a s  r e p r e s e n t e d  b y  t h e  g r e a t e s t

n u m b e r  o f  s p e c i e s  o n  e a c h  f r u i t .

O k r a  : A. f 1a v u s , A. n i d u 1a n s . A. n i g e r , A.

o c h r a c e u s  a n d  A. t e r r e u s .

P e p p e r  : A. e f f u s u s , A. f 1a v u s , A. f u m  i g a t  u s , A.

n i g e r , A. o c h r a c e u s  a n d  A. t e r r e u s .

T o m a t o  : A. c l a v a t u s , A. f l a v u s , A. fumi g a t u s . A.

n i g e r , A. o c h r a c e u s  a n d  A. t e r r e u s .

20. T h e  q u a l i t y  a n d  q u a n t i t y  o f  p h y l l o p l a n e  f u n g i  v a r i e d

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

l e a v e s  o f  o k r a ,  o n i o n ,  p e p p e r  a n d  t o m a t o  w a s  22, 14, 

18 a n d  24, r e s p e c t i v e l y .

21. T h e  n u m b e r  o f  s p e c i e s  o n  a p a r t i c u l a r  c r o p  a l s o

v a r i u  w i t h  t h e  l o c a t i o n :

a. It w a s  9, 14 a n d  12, r e s p e c t i v e l y ,  o n  o k r a  p l a n t s

at t h e  E x p e r i m e n t a l  P l o t ,  U n i v e r s i t y  F a r m  a n d  

P r i v a t e  F a r m  d u r i n g  t h e  d r y  s e a s o n ,  a n d  17, 18

a n d  14, r e s p e c t i v e l y ,  d u r i n g  t h e  r a i n y  s e a s o n .

b. It w a s  5, a n d  9, r e s p e c t i v e l y ,  o n  o n i o n  p l a n t s  at

t h e  E x p e r i m e n t a l  P l o t ,  U n i v e r s i t y  F a r m  d u r i n g



t h e  d r y  s e a s o n ,  a n d  1 4  a n d  11, r e s p e c t i v e l y ,  

d u r i n g  t h e  r a i n y  s e a s o n .
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c. It w a s  12, 1 4 ,  a n d  14, r e s p e c t i v e l y ,  o n  p e p p e r

p l a n t s  g r o w i n g  d u r i n g  t h e  d r y  s e a s o n  at t h e  

E x p e r i m e n t a l  P l o t ,  U n i v e r s i t y  F a r m  a n d  P r i v a t e  

F a r m  a n d  t h e  n u m b e r  w a s  1 6  f o r  a l l  t h r e e  d u r i n g  

t h e  r a i n y  s e a s o n .

d. It w a s  1 2,  10, a n d  13, r e s p e c t i v e l y ,  o n  t o m a t o

p l a n t s  g r o w i n g  d u r i n g  t h e  d r y  s e a s o n  a t  t h e

E x p e r i m e n t a l  P l o t ,  U n i v e r s i t y  F a r m  a n d  P r i v a t e  

F a r m  a n d  2 2 , 1 8  a n d  19,

r e s p e c t i v e l y ,  d u r i n g  t h e  r a i n y  s e a s o n .

T h e  d o m i n a n t  p h y l l o p l a n e  f u n g i  r e c o r d e d  o n  t h e  f o u r  

c r o p s  w e r e :

O k r a  : C l a d o s p o r i u m  h e r b a r u m . F u s a r i u m  o x v s p o r u m

a n d  M y c e l i a  s t e r i l i a .

O n i o n  : A s p e r g i l l u s  n i q e r .

P e p p e r  : C l a d o s p o r i u m  h e r b a r u m , F u s a r i u m  o x v s p o r u m

a n d  M y c e l i a  s t e r i l i a .

T o m a t o  : r.1 a d o s p o r i u m  h e r b a r u m . F u s a r i u m  o x v s p o r u m  

a n d  M y c e l i a  s t e r i l i a .



23 . T h e  r e m a i n i n g  s p e c i e s  i n  o r d e r  o f  d e c r e a s i n g  a b u n d a n c e  

w e r e :

O k r a  : A s p e r a i l l u s  n i a e r . A s p e r a i l l u s  t e r r e u s .

C u r v u l a r i a  l u n a t a . P e n i c i l l i u m  c y c l o p i u m . 

N i q r o s p o r a  o r v z a e . A s p e r a i l l u s  f l a v u s . 

A l t e r n a r i a  a l t e r n a t a . F u s a r i u m  s p . , 

H e l m i n t h o s p o r i u m  sp. a n d  R h i z o p u s  sp.

P e p p e r  : P e n i c i l l i u m  c y c l o p i u m . C u r v u l a r i a  l u n a t a .

A s p e r a i l l u s  n i a e r . C o r v n e s p o r a  c a s i i c o l a . 

A s p e r a i l l u s  o c h r a c e u s . A s p e r a i l l u s  f l a v u s  

A l t e r n a r i a  a l t e r n a t a . R h i z o p u s  s p . , 

S v n c e p h a l a s t r u m  r a c e m o s u m  a n d  A s p e r a i l l u s  

t e r r e u s ■

O n i o n  : F u s a r i u m  o x v s p o r u m . C l a d o s p o r i u m  h e r b a r u m .

M y c e l i a  s t e r i l i a ,  R h i z o p u s  s p . ,  C u r v u l a r i a  

l u n a t a . A l t e r n a r i a  a l t e r n a t a ,  F u s a r i u m  sp. 

a n d  P e n i c i l l i u m  c v c l o p i u m .

T o m a t o  : A l t e r n a r i a  a l t e r n a t a . A s p e r a i l l u s  n i a e r .

C u r v u l a r i a  l u n a t a ,  F u s a r i u m  sp. A s p e r a i l l u s  

f l a v u s . R h i z o p u s  sp. P e n i c i l l i u m  c y c l o p i u m . 

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

r a c e m o s u m , C o r v n e s p o r a  c a s i i c o l a  a n d

Wi a r o s p o r a  s p .

26s

24. M a n y  f u n g a l  s p e c i e s  o c c u r r e d  i n  t h e  s o i l s  o f  t h e  t h r e e  

s i t e s .  T h e  d o m i n a n t  s p e c i e s  o f  t h e  n o n - r h i z o s p h e r e
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s o i l s  w e r e :

E x p e r i m e n t a l  P l o t  : A s p e r a i ] 1n s  n i a e r  a n d

F u s a r i u m  o x v s p o r u m

U n i v e r s i t y  F a r m  : A s p e r g i l l u s  n i g e r  a n d

P e n i c i l l i u m  c y c l o p i u m

P r i v a t e  F a r m  : A s p e r a i ] l u s  n i a e r  a n d

A s p e r g i l l u s  t e r r e u s

25. T h e  t o t a l  n u m b e r s  o f  f u n g i  o f  t h e  n o n - r h i z o p h e r e  s o i l s  

w e r e :

E x p e r i m e n t a l  P l o t ,  13; U n i v e r s i t y  F a r m ,  1 1  a n d  P r i v a t e  

F a r m ,  15.

26. C o m p a r e d  w i t h  t h e  p o p u l a t i o n  l e v e l s  o f  t h e  n o n -  

r h i z o s p h e r e  s o i l :

O k r a  r o o t  e x u d a t e s  s t i m u l a t e d  A s p e r g i l l u s  n i g e r . 

P a e c i l o m v c e s  sp. a n d  S v n c e p h a l a s t r u m  r a c e m o s u m . 

b u t  s u p p r e s s e d  A s p e r g i l l u s  o c h r a c e u s . A s p e r g i l l u s  

t e r r e u s  a n d  Tri c h o d e r m a  v i r i d e .

P e p p e r  r o o t  e x u d a t e s  s t i m u l a t e d  A s p e r g i l l u s  f l a v u s . 

A s p e r g i l l u s  t e r r e u s  a n d  F u s a r i u m  o x y s p o r u m . b u t  

s u p p r e s s e d  A s p e r g i l l u s  o c h r a c e u s , R h i z o p u s  sp. a n d  

T r i  c h o d e r m a  v i r i d e .



T o m a t o  r o o t  e x u d a t e s  s t i m u l a t e d  A s p e r g i l l u s  f l a v u s . 

A s p e r g i l l u s  n i q e r . C u r v u l a r i a  l u n a t a .P e n i c i l l i u m  

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

s u p p r e s s e d  A s p e r g i l l u s  o c h r a c e n s . A s p e r g i l l u s  t e r r e u s  

a n d  R h i z o p u s  sp.

27. T h e  q u a l i t y  o f  r h i z o s p h e r e  p o p u l a t i o n s  w a s  i n f l u e n c e d  

b y  t h e  t i m e  o f  g r o w t h  o f  t h e  p l a n t s  i n  t h e  y e a r .

a. T h e  f o l l o w i n g  s p e c i e s  i n  t h e  r h i z o s p h e r e s  

i n c r e a s e d  d u r i n g  t h e  d r y  s e a s o n :

O k r a  : A s p e r g i l l u s  o c h r a c e u s . F u s a r i u m  o x y s p o r u m .

P a e c i l o m v c e s  sp. a n d  P e n i c i l l i u m  c y c l o p i u m .

P e p p e r  : F u s a r i u m  o x y s p o r u m . P a e c i l o m v c e s  sp. a n d

P e n i c i l l i u m  c v c l o p i u m .

T o m a t o  : A s p e r g i l l u s  o c h r a c e u s . F u s a r i u m  o x v s p o r u m

P a e c i l o m v c e s  sp. a n d  P e n i c i l l i u m  c y c l o p i u m .

b. T h e  f o l l o w i n g  s p e c i e s  i n  t h e  r h i z o s p h e r e s  

i n c r e a s e d  d u r i n g  t h e  r a i n y  s e a s o n :

O k r a  : R h i z o p u s  sp. a n d  S y n c e p h a l a s t r u m

r a c e m o s u m

P e p p e r  : A s p e r g i l l u s  f l a v u s . A s p e r g i l l u s  n i q e r .

Rhi z o p u s  sp. a n d  T r i c h o d e r m a  v i r i d e .
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T o m a t o  : A s p e r g i l l u s  f l a v u s . A s p e r a i l l u s

t e r r e u s ,R h i z o p u s  sp. S v n c e p h a l a s t r u m  

r a c e m o s u m  a n d  T r i c h o d e r m a  v i r i d e .

A i r - d r i e d  a n d  s o l a r - d r i e d  o k r a  f r u i t  c h i p s  a n d  p e p p e r  

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

o f  e a c h  proct.U.Q'fc. a r r a n g e d  i n  o r d e r  o f  d e s c e n d i n g  

i m p o r t a n c e  w e r e  a s  f o l l o w s :

a. O k r a  f r u i t  c h i p s  a i r - d r i e d  i n  t h e  d r y  s e a s o n :  A. 

n i a e r . C. h e r b a r u m . A  f l a v u s . P. c y c l o p i u m . F. 

o x y s p o r u m . C. l u n a t a  . A .t e r r e u s  . R h i z o p u s  sp. , A. 

o c h r a c e u s . S. r a c e m o s u m . M y c e l i a  s t e r i l i a  a n d  

N e u r o s p o r a  sp.

b. O k r a  f r u i t  c h i p s  a i r - d r i e d  i n  t h e  r a i n y  s e a s o n :  

A. n i a e r . C. h e r b a r u m . A  f l a v u s . P. c y c l o p i u m , F. 

o x v s p o r u m . C. l u n a t a . R h i z o p u s  s p . ,  A. t e r r e u s . 

N e u r o s p o r a  s p . ,  A. o c h r a c e u s . M y c e l i a  s t e r i l i a

a n d  S. r a c e m o s u m

c. O k r a  f r u i t  c h i p s  s o l a r - d r i e d  i n  t h e  d r y  s e a s o n :  

A . n i a e r . A. f l a v u s . F. o x y s p o r u m . P. c y c l o p i u m . 

C. h e r b a r u m . A. t e r r e u s  a n d  C. l u n a t a .

d. O k r a  f r u i t  c h i p s  s o l a r - d r i e d  i n  t h e  r a i n y  s e a s o n :  

A  n i a e r . P. c v c l o p i u m . A  t e r r e u s . A. f l a v u s . C. 

h e r b a r u m , C . l u n a t a  a n d  F. o x y s p o r u m .
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e. P e p p e r  f r u i t s  a i r - d r i e d  i n  t h e  d r y  s e a s o n :  A. 

H-i g e r , C. h e r b a r u m . P. c v c l o p i u m . A  f l a v u s . 

R h i z o p u s  s p . ,  s. r a c e m o s u m ,  C. l u n a t a . F. 
o x y s p o r u m ,  M y c e l i a  s t e r i l i a ,  N e u r o s p o r a  s p . , A.

. o c h r a c e u s  a n d  A. t e r r e u s .

f. P e p p e r  f r u i t s  a i r - d r i e d  i n  t h e  r a i n y  s e a s o n :  A. 

n i q e r , P. c y c l o p i u m . R h i z o p u s  sp. , C. h e r b a r u m .

A  f l a v u s , F. o x y s p o r u m . N e u r o s p o r a  s p . , C.l u n a t a .

S. r a c e m o s u m . M y c e l i a  s t e r i l i a ,  A. o c h r a c e u s  a n d  

A. t e r r e u s .

g. P e p p e r  f r u i t s  s o l a r - d r i e d  i n  t h e  d r y  s e a s o n :  A. 

n i a e r  , A. f l a v u s  . R h i z o p u s  sp. a n d  P. c v c l o p i u m .

h. P e p p e r  f r u i t s  s o l a r - d r i e d  i n  t h e  r a i n y  s e a s o n :  A. 

n i a e r . A. f l a v u s  a n d  P. c y c l o p i u m .

29. O n e  g r a m  d r i e d  p e p p e r  f r u i t s  s t o r e d  a t  2 0  a n d  8 5 %  R. H . 

a n d  f l u c t u a t i n g  h u m i d i t i e s  b e t w e e n  68 a n d  8 1  %

R . H . f o r  2 8  d a y s  g a i n e d  0 . 1 8 ,  1 . 9 8  a m d  1 . 7 3  mg ,

r e s p e c t i v e l y .

30. O n e  g r a m  o f  p e p p e r  p o w d e r  s t o r e d  a t  2 0  a n d  8 5 %  R . H.

a n d  f l u c t u a t i n g  h u m i d i t i e s  b e t w e e n  68 a n d  8 1 %  R . H .

f o r  2 8  d a y s  g a i n e d  0 . 0 2 ,  1 . 6 3  a n d  1 . 5 9  m g ,

r e s p e c t i v e l y .
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O n e  g r a m  o f  d r i e d  o k r a  f r u i t  c h i p s  s t o r e d  a t  20 a n d  

8 5 %  R . H .  a n d  f l u c t u a t i n g  h u m i d i t i e s  b e t w e e n  68 a n d  

8 1 %  R . H .  f o r  2 8  d a y s  g a i n e d  0 . 3 3 ,  2 . 6 3  a n d  2 . 6 6  m g , 

r e s p e c t i v e l y .
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32. O n e  g r a m  o f  d r i e d  o k r a  f r u i t  p o w d e r  s t o r e d  a t  20 a n d

8 5 %  R . H .  a n d  f l u c t u a t i n g  h u m i d i t i e s  b e t w e e n  68 a n d

8 1 %  R . H .  f o r  2 8  d a y s  g a i n e d  0 . 1 5 ,  2 . 2 2  a n d  2 . 1 3  m g ,

r e s p e c t i v e l y .

33. F u n g a l  c o n t a m i n a n t s  o f  d r i e d  o k r a  f r u i t  m a t e r i a l  

s t o r e d  a t  d i f f e r e n t  h u m i d i t i e s  i n  d e s c e n d i n g  o r d e r  o f  

f r e q u e n c y  w e r e :

C h i p s  a t  2 0 %  R H A. n i a e r , P. c y c l o p i u m . A. 

f l a v u s , a n d  S. r a c e m o s u m .

C h i p s  a t  8 5 %  R H A. n i a e r . P. c v c l o p i u m . A. 

f l a v u s . a n d  Y e a s t  spp.

C h i p s  a t  6 8 - 8 1 %  R H A. f l a v u s . A. n i a e r . P. C. 

h e r b a r u m  a n d  S. r a c e m o s u m .

P o w d e r  a t  2 0 %  R H P. c y c l o p i u m . A. f l a v u s . a n d  

A. n i a e r .

P o w d e r  a t  8 5 %  R H A. n i a e r . P. c y c l o p i u m . A. 

f l a v u s  a n d  Y e a s t  spp.



P o w d e r  a t  6 8 - 8 1 %  R H  A. n i q e r . P. c v c l o p i u m . A.

f l a v u s  a n d  Y e a s t  spp.

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

s t o r e d  a t  d i f f e r e n t  h u m i d i t i e s  i n  d e s c e n d i n g  o r d e r  o f
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f r e q u e n c y  w e r e :

W h o l e  f r u i t  a t  2 0 %  R H

W h o l e  f r u i t  a t  8 5 %  R H

W h o l e  f r u i t  a t  6 8 - 8 1 %  R H

P o w d e r  a t  2 0 %  R H

P o w d e r  a t  8 5 %  R H

P o w d e r  a t  6 8 - 8 1 %  R H

: A. f l a v u s . A. n i a e r .

: A. f l a v u s . A. n i a e r .

: A. f l a v u s . A. n i a e r  a n d  

P . c v c l o p i u m .

: A . f l a v u s . R h i z o p u s  s p ., 

P. c y c l o p i u m . A. n i a e r . 

A . t e r r e u s  a n d  

C . h e r b a r u m

: A . f l a v u s . A .t e r r e u s  

P. c y c l o p i u m  a n d  A. 

n i a e r

: A. f l a v u s . F. 

o x y s p o r u m .

A . n i q e r , C . h e r b a r u m  

a n d  P. c y c l o p i u m .



35. T h e  p r e d o m i n a n t  f u n g u s  o n  f r e s h l y  h a r v e s t e d  o n i o n

b u l b s  o f  R e d  C r e o l e  v a r i e t y  w a s  A. n i a e r  w h e r e a s  F. 

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

T e x a s  G r a n o  v a r i e t y .

36. B u l b s  o f  e a c h  v a r i e t y  f o r m e d  i n  s o i l s  w i t h  M a n u r e ,  a n d  

M a n u r e  a n d  S u l p h a t e  o f  A m m o n i a  c a r r i e d  q u i t e  s i m i l a r  

m y c o f l o r a .

37. A f t e r  3 0  d a y s '  c u r i n g  C. h e r b a r u m . F. o x y s p o r u m .

F u s a r i u m  s p ., P. c y c l o p i u m  a n d  T. v i r i d e  w e r e  f o u n d  

t o  b e  t h e  d o m i n a n t  s p e c i e s  o n  T e x a s  G r a n o  b u l b s .  T h e  

d o m i n a n t  s p e c i e s  o n  R e d  C r e o l e  b u l b s  w a s  R h i z o p u s  sp.

38. I r r a d i a t i o n  o f  t h e  b u l b s  w i t h  G a m m a  r a y s  a t  d o s a g e s  o f  

0 . 0 5  a n d  0 . 1 0  G y  d i d  n o t  p r e v e n t  f u n g a l  g r o w t h  a n d  A.

n i a e r  w a s  p r e s e n t  o n  a l l  b u l b s  90 d a y s  a f t e r

i r r a d i a t i o n .

39. I r r a d i a t i o n  o f  b u l b s  w i t h  G a m m a  r a y s  a t  d o s a g e s  o f

0 . 0 5  a n d  0 . 1 0  G y  d i d  n o t  s h o w  a n y  p r e d i c t a b l e  e f f e c t  

o n  A s c o r b i c  a c i d  c o n t e n t  o f  t h e  b u l b s .

40. I r r a d i a t i o n  o f  b u l b s  o f  b o t h  v a r i e t i e s  o f  o n i o n  w i t h  

G a m m a  r a y s  a t  d o s a g e s  o f  0 . 0 5  a n d  0 . 1 0  G y  r e d u c e d  t h e

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

d e g r e e s .

272.



I n f e c t i o n  t e s t s  i n  w h i c h  t o m a t o  f r u i t s  w e r e  b o t h  

w o u n d - i n o c u l a t e d  a n d  s u r f a c e - i n o c u l a t e d  s h o w e d  t h a t :

27 i

a - A l t e r n a r i a  a l t e r n a t a . A s p e r g i l l u s  t e r r e u s .

C o r y n e s p o r a  c a s i i c o l a . C u r v u l a r i a  l u n a t a . 

F u s a r i u m  o x y s p o r u m  a n d  S c o p u l a r i o p s i s  b r e v i c a u l l s  

i n f e c t e d  t h e  f r u i t .

b- A s p e r g i l l u s  c l a v a t u s . A s p e r g i l l u s  g l a u c u s .

C l a d o s p o r i u m  h e r b a r u m . H e l m i n t h o s p o r i u m  s p . ,  

P e n i c i l l i u m  c i t r i n u m . P e n i c i l l i u m  f u n i c u l o s u m  a n d  

S. r a c e m o s u m  d i d  n o t  c a u s e  i n f e c t i o n  e v e n  w h e n  

i n o c u l a t e d  i n t o  w o u n d s .

42. A l t e r n a r i a  a l t e r n a t a ,  A s p e r g i l l u s  t e r r e u s . C u r v u l a r i a  

l u n a t a . a n d  F. o x v s p o r u m  r o t t e d  W o s o w o s o  v a r i e t y  

f r u i t s  f a s t e r  t h a n  f r u i t s  o f  H e i n z  a n d  R o m a  

v a r i e t i e s .

43. S. b r e v i c a u l i s  r o t t e d  f r u i t s  o f  H e i n z  a n d  R o m a  f a s t e r  

t h a n  t h o s e  o f  W o s o w o s o  v a r i e t y .

44. I n  s p o r e  g e r m i n a t i o n  t e s t s ,  u s i n g  s e l e c t e d  f u n g a l  

s p e c i e s :

a. E x t r a c t s  o f  b u l b s  o f  b o t h  o n i o n  v a r i e t i e s

c o m p l e t e l y  i n h i b i t e d  g e r m i n a t i o n  o f  c o n i d i a  o f  

C. c a s i i c o l a , C. l u n a t a  a n d  T. v i r i d e  b u t



s t i m u l a t e d  g e r m i n a t i o n  o f  c o n i d i a  o f  A. n i q e r  

a n d  A. f l a v u s .
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b. T o m a t o  e x t r a c t s  s t i m u l a t e d  g e r m i n a t i o n  o f  c o n i d i a

o f  H e l m i n t h o s p o r i u m  sp. a n d  C. l u n a t a . a n d  

s p o r a n g i o s p o r e s  o f  £>. r a c e m o s n m .

45. C o r y n e s p o r a  c a s i i c o l a  g r e w  b e s t  i n  S w e e t  p o t a t o

d e x t r o s e  b r o t h  a n d  p o o r e s t  i n  V - 8  j u i c e .  T h e  

d e s c e n d i n g  o r d e r  o f  p e r f o r m a n c e  w a s :

S w e e t  p o t a t o  d e x t r o s e  > P o t a t o  d e x t r o s e  > C a s s a v a

d e x t r o s e  > Y e a s t  e x t r a c t  > P a w p a w  e x t r a c t  > V - 8  j u i c e .

46. C. c a s i i c o l a  g r e w  p o o r l y  i n  p e p p e r  f r u i t  e x t r a c t  w i t h  

t h e  m e a n  d r y  w e i g h t  o f  8 7 . 5  m g  a f t e r  1 0  d a y s  as  

c o m p a r e d  t o  m e a n  m y c e l i a l  d r y  w e i g h t  o f  2 9 6 . 0  m g  i n  

t o m a t o  f r u i t  e x t r a c t .

47. C. c a s i i c o l a  r e q u i r e d  e x t e r n a l  s u p p l y  o f  T h i a m i n e  f o r  

g o o d  m y c e l i a l  g r o w t h .  T h e  o p t i m u m  c o n c e n t r a t i o n  w a s  

1 0 0  u g / 1 .

48. O t h e r  r e q u i r e m e n t s  f o r  g r o w t h  o f  C. c a s i i c o l a  w e r e :

a. O p t i m u m  t e m p e r a t u r e  o f  30 °C.



b. O p t i m u m  p H  o f  p H  3 . 8  - 7.9.

c. E i t h e r  c o n t i n u o u s  d a r k n e s s  o r  1 2  h o u r  

d a r k / 1 2  h r  l i g h t  c o n d i t i o n s .

d. C a r b o n  s o u r c e s  i n  t h e  o r d e r :  G a l a c t o s e  > M a l t o s e

> F r u c t o s e  > G l u c o s e  > M a n n o s e  > S u c r o s e  > 

L a c t o s e

e. N i t r o g e n - s o u r c e s  i n  t h e  o r d e r :  P o t a s s i u m  n i t r a t e

> D - L  A s p a r a g i n e  > S o d i u m  n i t r a t e  > L - A s p a r t i c  

a c i d  < A m m o n i u m  n i t r a t e  > A m m o n i u m  c h l o r i d e  > 

A m m o n i u m  s u l p h a t e .

49. B e s t  g r o w t h  i n  m e d i a  w i t h  d i f f e r e n t  i n o r g a n i c  s a l t s  

o c c u r r e d  a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  d i f f e r e n t  

c o m p o u n d s .  T h e  r e s p e c t i v e  o p t i m u m  c o n c e n t r a t i o n s  

w e r e :

a. C a C l j . 2HjO : 2 9 . 0  x 1 0‘{M  i n  a r a n g e  o f  1 4 . 0  -

7 5 . 0  x 10'fM

b. K C 1  : 8 . 0  x  10"^M i n  a r a n g e  o f  4 . 0  -

1 2 . 0  x 10'3M
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c. KjSO, 5 . 7  x 10"3M  i n  a r a n g e  o f  5 .7  -

1 7 . 0  x 10'3M



<3. MgClj

e- NaHjPOj

1 0 . 0  X 10 *M i n  a r a n g e  of 5 . 0  -

1 5 . 0  x 10~*M

• 2 H 20 : 6 5 . 0  X l O ^ M  i n  a r a n g e  of 2 2 . 0  -

6 5 . 0  x 1 0 _,M

2 1 a

a
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Appendix A 

Monthly Temperatures and Rainfall

Date Month Maximum Temp. Minimum Temp. Rainfall
(°C) (°C) (mm)

3 0 2

A P P E N D I C E S

November 31.6 23.6 39.0

December 31 .9 22.8 26.8

January 32.5 21 .9 0

February 33.7 23.9 0

March 33.0 24.2 38.1

Apri 1 33.1 24.7 88.9

May 31 .5 24.0 121 .8

June 29.9 23.2 154.0

July 28.4 23.0 54.4

August 28.3 22.5 17.3

September 29.9 22.5 58.4

October 30.6 23.6 58.3

November 32.8 24.0 38.0

December 33.0 23.9 0
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Appendix B

Time
(Hours)

Soil Temof°C) Atmospheric TemD(°C) Atmospheric 
Humidity 
(X R.H.)

Soil TemDf°C) Atmospheric TemDf°C1 AtmcE 
Humi 
(X R

5cm
Depth

10cm
Depth

5cm
Above

10cm 
soi 1

5 cm 
Depth

10cm
Depth

5cm
Above

10cm 
soi 1

Jan 26. 1989 Jan 27, 1989

6.00 25.0 25.0 23.5 23.6 96 25.2 26.0 23.6 23.6 98
7.00 25.2 26.0 24.0 24.2 94 25.2 26.0 24.2 24.2 92
8.00 25.7 26.0 27.8 26.2 90 25.8 26.0 26.4 27.4 84
9.00 27.1 26.2 29.0 29.4 74 27.3 26.3 28.8 28.8 74
10.00 28.4 27.0 31.4 31.6 " 62 29.0 27.0 31 .8 32.0 64
11.00 29.6 28.0 33.0 33.2 57 30.5 28.0 35.0 34.0 52
12.00 30.5 28.5 35.0 34.6 56 31 .5 29.0 32.5 32.0 48
1 .00 31 .8 29.2 36.5 34.2 50 32.0 29.5 37.5 35.0 50
2.00 32.3 30.0 36.0 33.8 62 33.0 30.0 37.5 33.8 56
3.00 32.2 31,0 34.0 32.4 58 32.9 30.5 36.2 34.2 59
4.00 31 .6 30.0 32.2 31.4 63 32.3 30.5 31 .5 30.2 66
5.00 30. 5 29.5 29.0 28.5 72 30.6 30.0 30.0 29.4 74
6.00 29.1 29.0 26.8 26.8 80 29.4 29.5 27.2 27.0 80
7.00 28.2 28.5 25.8 25.8 87 29.0 29.0 26.3 26.0 82
9.00 27.0 28.0 25.8 25.8 88 27.5 28.0 26.0 26.0 82

Feb. 26. 1989 Feb. 27, 1989

6.00 23.3 24.3 22. 5 23.0 82 24.3 25.0 23.3 23.0 94
7.00 23.4 24.3 23.5 23.0 82 24.3 25.0 23.8 24.0 96
8.00 23.8 24.3 25.5 25.2 78 25.0 25.2 26.5 25.8 90
9.00 24.6 24.3 28.4 28.2 58 - 26.3 25.8 30.5 28.6 78
10.00 25.8 25.3 34.0 31.2 50 27.8 26.5 35.3 30.4 68
11 .00 27.6 26.3 37.5 34.6 22 28.8 27.5 39.5 33.8 48
12.00 29.3 27.0 40.0 37.0 18 31 .1 28.8 39.5 34.6 52
1.00 31 .1 28.3 41.2 38.8 12 32.3 29.5 39.0 35.0 52
2.00 '32.3 29.5 40.8 38.2 13 33.5 30.5 37.5 33.8 54
3.00 32.6 30.0 36.5 34.8 38 33.5 31.0 35.5 33.0 58
4.00 31.9 30.0 33.5 32.6 47 32.8 32.0 32.8 31.2 60
5.00 30.6 30.0 30.0 29.6 58 31.1 30.5 30.0 29.2 64
6.00 28.6 29.0 27.5 27.8 68 29.3 29.8 28.0 27.4 76
7.00 27.5 28.0 26.5 27.0 70 28.3 29.0 26.8 26.8 82
9.00 27.0 26.0 24.0 24.6 76 26.8 27.8 26.2 26.2 84
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Appendix C

Soi 1 TemD(°C) Atmospheric Temo(°C) Atmospheric Soil Tempf°C) Atmospheric TemD(°C) Atmospheric
Time 5cm 1 0cm 5cm 10cm Humidity 5cm 10cm 5cm 10cm Humidity
(Hours) Depth Depth Above soi 1 (X R.H.) Depthi Depth Above soi 1 (X R.H.)

June 21. 1989 June 22. 1989

6.00 26.0 27.0 24.0 23.6 98 25.0 26.0 23.0 22.6 98
7.00 26.5 27.0 24.5 24.5 94 25.0 26.0 23.5 23.5 98
8.00 27.3 27.5 26.5 25. 4 88 25.5 26.0 26.0 26.0 94
9.00 28.5 28.0 27.5 27.0 82 27.3 26.5 29.0 28.8 84
10.00 30.3 29.0 31 .0 30.0 72 29.6 28.0 30.5 30.0 76
11.00 30.5 31.0 32.0 30.5 68 31.3 29.5 31.0 30.5 74
12.00 31 .2 31 .0 32.0 30.5 72 31 .6 30.0 32.5 31.25 70
1.00 33.3 31 .2 32.5 30.5 66 31 .3 30.5 28.7 28.3 82
2.00 32.3 31 .5 35.0 32.0 72 29.6 30.0 27.5 27.3 82
3.00 31 .5 31.5 32.0 30.2 76 29.5 29.5 27.5 27.0 86
4.00 30.5 30.8 32.0 30.0 80 29.5 29.5 27.7 27.0 86
5.00 29.3 30.0 29.0 27.8 92 28.8 29.2 26.5 26.0 90
6.00 27.0 28.5 25.0 23.8 98 28.3 28.8 25.2 25.0 92
7.00 27.0 28.0 24.5 23.8 98 27.8 28.0 24.8 25.0 94
9.00 26.8 27.5 24.5 23.5 98 27.8 27.5 24.0 23.6 100

Julv 28. 1989 Jul V 27, 1989

6.00 24.8 25.8 23.2 23.2 98 25.5 26.5 23.0 23.0 98
7.00 24.8 25.8 24.0 24.0 98 25.5 26.8 24.0 23.8 98
8.00 25.5 26.0 26.8 27.0 86 26.0 26.8 26.0 26.0 ■ 90
9.00 27.3 26.5 29.2 28.0 80 27.3 27.2 29.0 27.4 80
10.00 28.8 27.5 33.5 29.8 74 29.0 28.0 32.0 30.4 74
11 .00 30.0 28.5 36.0 30.8 72 29.0 29.0 33.0 30.6 72
12.00 31 .1 29.5 34.5 30.6 71 30.8 30.0 33.0 30.6 71
1 .00 32.8 30.5 33.8 30.8 72 32.0 31 .0 33.8 29.8 70
2.00 33.6 31 .5 36.0 29.8 74 32.4 31 .5 33.2 29.6 72
3.00 33.8 32.0 34.8 29.2 76 33.0 32.2 34.6 30.2 74
4.00 •33.2 32.0 31.5 28.6 78 32.5 32.2 32.0 27.0 82
5.00 31 .8 32.0 27.5 25.8 82 31 .3 32.0 27.0 26.0 88
6.00 30.0 31 vp 26.0 24.6 90 30.0 31 .5 26.0 25.0 92
7.00 28.0 29.5 24.5 23.8 96 29.0 30.5 25.5 24.8 92
3.00 26.8 29.5 24.5 23.8 98 28.0 30.0 25.0 24.5 96
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Airspora at the Experimental Plot, University Farm and Private Farm 
trapped monthly from January 1989 to December 1990 on PDA plates.

Appendix D

Time of Total No, of fungal colonies (CFU) sampled at the
Trapping Experimental University Private

Plot Farm Farm

January 396 175 91
February 355 140 58
March 163 71 37
April 137 112 99
May 36 63 30
June 41 60 39
July 165 136 54
August 76 89 94
September 127 115 98
October 54 104 111
November 82 81 89
December 99 97 107

January 166 160 96
February 96 230 61
March 101 42 84

Apri 1 144 287 110
May 28 23 27

June 88 46 151

July 44 50 71

August 84 50 105

September 115 56 102

October 63 21 58

November 59 88 50

December 65 92 51
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Appendix E

Total number of Fungal species in atmosphere of the Experimental Plot, 
University Farm and Private Farm trapped monthly from January, 1989 to 
December, 1990 on PDA plates.

Time of Number of fungal species identified at the
Trapping Experimental University Private

Plot Farm Farm

January 6 3 4
February 15 8 6
March 16 4 6
Apri 1 17 6 8
May 11 6 9
June 6 9 8
July 9 10 8
August 10 9 11
September 9 6 5
October 11 12 8
November 8 10 7
December 15 12 6

January 11 7 4
February 13 8 8
March 12 9 6
Apri 1 6 4 4
May 8 8 4
June 15 6 7
July 13 7 6
August 12 8 8
September 9 6 5
October 9 7 5
November 11 10 7
December 8 8 7
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Development of leaf infection in different varieties of tomato growing 
during the dry season from November, 1988 to February, 1989.

Appendix F

Date of Percentage of plants out of a total of 40 with leaf
Assessment symptoms in each variety
(1988-1989)

Staked
Heinz

Unstaked Staked
Roma
Unstaked

Wosowoso
Staked Unstaked

November 30 21 .6 30.2 11 .3 18.4 5.3 11.3

December 10 27.9 37.1 22.2 29.5 8.2 18.6

December 20 35.1 44.2 31 .5 38.0 13.4 24.6

December 30 41 .8 60.3 44.1 54.6 20.9 30.8

January 9 65.5 81 .3 52.6 74.6 56.9 42.4

January 19 83.3 87.0 89.2 93.7 69.6 70.5

January 29 99.4 100 100 99.0 96.7 95.2

Feburary 8 100 100 100 100 99.1 99.3

February 18 100 100 100 100 100 100

March 7 100 100 100 100 100 100
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Development of leaf infection in different varieties of tomato growing 
during the dry season from June to August, 1989.

Appendix G

Date of Percentage of plants out of a total of 40 with leaf
Assessment symptoms in each variety
(1989)

Staked
Heinz
Unstaked

Roma
Staked Unstaked

Wosowoso
Staked Unstaked

June 5 2.0 2.5 2.5 2.8 1.5 2.3

June 15 10.0 12.6 12.0 12.0 9.0 16.6

June 25 20.5 30.0 25.0 29.5 12.5 23.8

July 5 34.0 44.5 37.0 45.1 16.7 39.0

July 15 44.5 61 .7 48.0 59.6 36.5 56.3

July 25 56.5 76.2 63.0 77.8 45.5 75.6

August 4 68.5 83.4 74.5 87.8 68.2 80.9

August 14 77.5 87.9 85.0 93.8 70.0 86.5

August 24 86.0 94.2 92.0 96.9 79.0 91 .7

September 3 93.0 97.4 96.5 99.3 85.5 95.8

September 13 97.5 100 100 100 91 .0 98.7



Appendix H

Percentage of pepper plants, out of a total of 40, showing leaf fungal 
infection during growth in the dry season from November, 1988 to 
February, 1989 and rainy from June to August, 1989.

 Dry Season_________   Rainy Season_______
Date of % Infection Date of % Infection
Assessment Assessment

January 2 0.7 June 5 1 .8

January 12 4.2 June 15 2.3

January 22 19.9 June 25 17.5

February 1 36.1 July 5 25.4

February 11 50.0 July 15 30.7

February 21 67.7 July 25 41 .7

March 3 79.8 August 4 55.1

March 13 89.3 August 14 63.0

March 23 96.2 August 24 70.0

Apri 1 2 77.6 September 3 71 .7
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A P P E N D I X  I

M o i s t u r e  g a i n e d  b y  d r i e d  c h i p s  a n d  p o w d e r e d  c h i p s  o f  O k r a  i n 
a t m o s p h e r e s  o f  20 a n d  8 5 %  R H

P e r i o d  o f  M o i s t u r e  g a i n e d  (m o) b v  1 . 0 a  p r o d u c t
I n c u b a t i o n  F r u i t  C h i p s   P o w d e r
( D a y s )  2 0 %  R H  8 5 %  R H  2 0 %  R H  8 5 %  R H

2 0 . 1 6  1 . 3 4  0 . 1 0  0 . 9 5

4 0 . 2 1  1 . 8 1  0 . 1 2  1 . 3 6

6 0 . 2 5  2 . 0 5  0 . 1 2  1 . 6 0

8 0 . 2 6  2 . 2 1  0 . 1 3  1 . 7 9

1 0 0 . 2 8  2 . 3 4  0 . 1 4  1 . 9 1

14 0 . 3 0  2 . 4 9  0 . 1 5  2 . 0 9

2 1  0 . 3 2  2 . 6 3  0 . 1 5  2 . 2 2

28 0 . 3 3  2 . 6 3  0 . 1 5  2 . 2 2
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A P P E N D IX  J

M o i s t u r e  g a i n e d  b y  d r i e d  p e p p e r  f r u i t  a n d  p o w d e r e d  p e p p e r  f r u i t  i n
a t m o s p h e r e s  o f  2 0  a n d  85% RH

P e r i o d  o f M o i s t u r e g a i n e d  (mg) b y  1 . 0 g p r o d u c t
I n c u b a t i o n F r u i t P o w d e r
( D a y s  ) 2 0 %  R H 8 5 %  R H 2 0 %  R H 8 5 %  R H

2 0 . 1 3 1 . 1 2 0 . 0 1 0 . 8 9

4 0 . 1 6 1. 42 0 . 0 2 1 . 1 6

6 0 .17 1. 61 0 . 0 2 1 . 3 5

8 0 . 1 8 1. 68 0 . 0 2 1 . 4 5

10 0 .18 1 . 7 3 0 . 0 2 1. 54

14 0 . 1 8 1 . 8 4 0 . 0 2 1 . 6 3

21 0 . 1 8 1. 96 0 - Q l 1. 63

28 0 . 1 8 1 . 9 8 O - 0 X 1. 63
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P e r i o d  o f A t m o s p h e r i c  M o i s t u r e  g a i n e d ( m g )  b v  l . Q g  p r o d u c t
I n c u b a t i o n  % R H  F r u i t  C h i p s  P o w d e r
( D a y s )

A P P E N D IX  K

M o i s t u r e  g a i n e d  b y  d r i e d  c h i p s  a n d  p o w d e r e d  c h i p s  o f  O k r a  e x p o s e d
u n d e r  n o r m a l  a t m o s p h e r i c  c o n d i t i o n s

2 80 2 . 1 3 1 . 5 1

4 77 2 . 2 5 1 . 7 5

6 72 2 . 19 1 . 7 8

8 80 1 . 9 2 1. 59

10 8 1 2 . 1 3 1 . 7 4

14 80 2 . 6 6 2 .13

21 78 2 . 66 2 . 1 3

28 80 2 . 66 2 . 1 3
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P e r i o d  o f  A t m o s p h e r i c  M o i s t u r e  a a i n e d ( m a )  b v  1 . 0 a  P r o d u c t  
I n c u b a t i o n  % R H  F r u i t  C h i p s  P o w d e r

( D a y s )

A P P E N D IX  L

M o i s t u r e  g a i n e d  b y  d r i e d  f r u i t s  a n d  p o w d e r e d  p e p p e r  f r u i t  e x p o s e d
u n d e r  n o r m a l  a t m o s p h e r i c  c o n d i t i o n s

2 80 1. 52 1 . 3 2

4 77 1 . 4 7 1 . 3 5

6 72 1. 39 1 . 2 8

8 80 1 . 1 6 1 . 0 7

10 81 1 . 4 2 1 . 3 3

14 80 1 . 7 3 1 . 5 9

21 78 1 . 7 3 1 . 5 9

28 80 1 . 7 3 1 . 5 9
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A P P E N D I X  M  ( i )

A n a l y s i s  o f  v a r i a n c e  s h o w i n g  t h e  e f f e c t  o f  s o i l  

t r e a t m e n t ,v a r i e t y  o f  o n i o n s  a n  s e a s o n s  o f  p l a n t i n g  o n  

o c c u r r e n c e  o f  A .n i g e r  o n  h a r v e s t e d  o n i o n  b u l b s

( D a t a  p r o v i d e d  v a l u e s  in T a b l e s  45 a n d  46)

S o u r c e s  of S u m  o f  S o u r c e s d. f M e a n  s q u a r e F - r a t  io S ig

v a r  ia t  ion 1 e v e  1

M A I N  E F F E C T S 1 5 2 2 5 . 8 1 2 6 2 5 3 7 . 6 3 5 5. 183 . 0 0 1 4

P a r t  o f  B u l b 1 0 0 5 . 4 2 1 3 3 3 5 . 1 4 0 0 . 6 8 4 . 5 6 9 9

S o i 1 T r e a t m e n t 5 . 2 0 0 1 5 . 2 0 0 0 . 0 1 1 . 9 1 9 8

O n i o n  v a r i e t y 3 4 2 1 . 7 1 3 1 3 4 2 1 . 7 1 3 6. 9 8 8 . 0 1 4 0

P l a n t i n g  S e a s o n 1 0 7 9 3 . 4 7 8 1 1 0 7 9 3 . 4 7 8 2 2 . 0 4 4 . 0 0 0 1

R E S I D U A L 1 2 2 4 0 . 9 7 8 25 4 8 9  . 6 3 9 1  1

T O T A L ( C O R R . ) 2 7 4 6 6 . 7 9 0 31

M u  1 1 i p 1e r a n g e  

o n  o c c u r r e n c e

A P P E N D I X  M ( i i ) 

a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f o n i o n  v a r i e t i e s  

o f  A . n i g e r  o n  h a r v e s t e d  o n i o n s

O n i o n  v a r i e t y C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

T e x a s  G r a n o 16 8 . 3 5 6 A

R e d  C r e o l e 16 2 9 . 0 3 7 5 B

A P P E N D I X  M ( i i i )

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f  s e a s o n s

o f  p l a n t i n g  o n  o c c u r r e n c e o f  A .n i g e r o n  h a r v e s t e d o n i o n s

S e a s o n  o f  p l a n t i n g C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

D r y  S e a s o n 16 0 . 3 3  12 A

R a i n y  S e a s o n 16 3 7 . 0 6 2 5 B

F i g u r e s  w i t h  the s a me  l e t t er s a re not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  N ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the eff e c t  of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
F .o x v s p o r u m  on h a r v e s t e d  o n i o n  b u lbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  45 and 46)

S o u r c e s  of S u m  of Sou r c e s d. f M e a n  squ a r e F-rat io Sig
v a r i a t  ion 1 eve 1
M A I N  E F F E C T S 1 9 7 5 0 . 0 7 0 6 3291 .6783 7 . 983 . 0001
Part of B ulb 678 . 156 3 226.0521 0. 548 . 6540
S o i 1 T r e a t m e n t 3 867.601 1 3 8 6 7 . 6 0 1 2 9 . 380 . 0052
O n i o n  v a r i e t y 6 0 4 4 . 5 0 1 1 6044 .5013 14.659 . 0008
P l a n t i n g  Seas o n 915 9 . 8 1 1 1 9 1 5 9 . 8 1 1 3 22.214 . 0001
R E S I D U A L 1 0 3 0 8 . 4 2 9 25 4 1 2 . 3 3 7 1 5
T O T A L ( C O R R . ) 3 0 0 5 8 . 4 9 9 31

A P P E N D I X  N ( i i )
M u l t i p l e  ran g e  a n a l y s i s  s h o w i n g  the effe c t  of o n i o n  v a r i e t i e s  
on o c c u r r e n c e  of F .o x y s p o r u m  on h a r v e s t e d  oni o n s

O n i o n  v a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

Red C r e o l e 16 22. 15 A
T e x a s  G r a n o 16 49. 6 3 7 5 B

A P P E N D I X  N ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of s e a s o n s  of 
p l a n t i n g  on o c c u r r e n c e  of F .o x y s p o r u m  on h a r v e s t e d  oni o n s

S e a s o n  of p l a n t i n g

R a i n y  S e a s o n  
D r y  S e a s o n

16
16

A v e r a g e

18 . 975 
52.8125

H o m o g e n e o u s
G r o u p s
A
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A P P E N D I X  N ( iv)
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of soil treatment 
on o c c u r r e n c e  of F .o x v s p o r u m  on h a r v e s t e d  o n i o n  b u lbs

Soil t r e a t m e n t Cou n t A v e r a g e H o m o g e n e o u s
G r o u p s

M a n u r e 16 24 . 9 A
M a n u r e  and S u l p h a t e
of A m m o n i a 16 46. 89 B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  0 ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
F u s a r  i u m  sp. on h a r v e s t e d  o n i o n  b u lbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  4 5 and 46)

S o u r c e s  of Sum of Sou r c e s d. f M e a n  squa r e F-rat io Sig
v a r i a t  ion 1 eve 1
M A I N  E F F E C T S 5 0 1 3 . 5 7 3 8 6 835 . 5956 5 .779 . 0007
Part of B u l b 1 1 17 . 7262 3 372 . 5754 2. 577 . 0763
S o i 1 T r e a t m e n t 67 . 8612 1 6 7 . 8 6 1 2 0 . 469 . 5068
O n i o n  v a r i e t y 4 2 4 . 8 6 1 2 1 4 2 4 . 8 6 1 2 2.939 . 0989
P l a n t i n g  S e a s o n 3403 . 1250 1 3 4 0 3 . 1 2 5 0 23.537 . 0001
R E S I D U A L 3 6 1 4 . 5 9 5 0 25 1 4 4 .58380
T O T A L (C O R R .) 8 6 2 8 8 . 1 6 8 8 31

A P P E N D I X  O ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the eff e c t  of sea s o n s  of 
p l a n t i n g  on o c c u r r e n c e  of F u s a r i u m  sp. h a r v e s t e d  o n i o n  bulbs

S e a s o n  of p l a n t i n g C ount A v e r a g e H o m o g e n e o u s
G r o u p s

R a i n y  S e a s o n 16 0 . 156 A
D r y  S e a s o n 16 2 0 . 7 8 1 2 B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  P ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil 
t r e a t m e n t . v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on 
o c c u r r e n c e  of P .e y e l o p i u m  on h a r v e s t e d  o n i o n  bulbs 

(Data p r o v i d e d  v a l u e s  in T a b l e s  45 and 46)

S o u r c e s  of Sum of Sou r c e s d. f M e a n  squ a r e F-rat io Sig
v ar i at i on 1 eve 1
M A I N  E F F E C T S 9 7 1 8 . 7 5 9 4 6 161 9 . 7 9 3 2 4.710 . 0025
Part of B u l b 5 4 6 9 . 0 7 5 9 3 1 8 2 3.0253 5 . 301 . 0057
Soil T r e a t m e n t 7 8 9 . 0 3 7 8 1 7 8 9 . 0 3 7 8 2. 294 . 1424
O n i o n  v a r i e t y 6 7 6 . 2 0 0 3 1 6 7 6 . 2 0 0 3 1 . 966 .1731
P l a n t i n g  S e a s o n 2 7 8 4 . 4 4 5 3 1 2784 . 4453 8 . 097 . 0087
R E S I D U A L 8 5 9 7 . 5 3 2 8 25 3 4 3 .90131
T O T A L ( C O R R .) 1 8 3 1 6 . 2 9 2 31
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A P P E N D I X  Q ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the eff e c t  of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
Y e a s t  spp. on h a r v e s t e d  o n i o n  bulbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  45 and 46)

S o u r c e s  of S u m  of Sou r c e s d. f M e a n  squ a r e F-rat io Sig
var i at i on 1 eve 1
M A I N  E F F E C T S 17 9 2 . 9 9 2 5 6 298 .83208 2.761 .0337
Part of B u l b 6 2 6 . 2 9 1 3 3 208 . 7 6 3 7 5 1 . 929 . 1508
Soil T r e a t m e n t 2 1 9 . 4 5 1 2 1 2 1 9 . 4 5 1 2 5 2.027 . 1668
O n i o n  v a r i e t y 5 7 4 . 6 0 5 0 1 5 7 4 . 6 0 5 0 0 5 . 308 .0298
P l a n t i n g  S e a s o n 3 7 2 . 6 4 5 0 1 3 7 2 . 6 4 5 0 0 3 . 443 . 0754
R E S I D U A L 2 7 0 6 . 0 8 6 3 25 10 8 . 2 4 3 4 5
T O T A L ( C O R R .) 4 4 9 9 . 0 7 8 8 31

A P P E N D I X  Q ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of s e a s o n s  of 
p l a n t i n g  on o c c u r r e n c e  of Yea s t  spp. h a r v e s t e d  o n i o n  bulbs

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

T e x a s  G r a n o 16 3 . 006 A
R e d  C r e o l e 16 11 . 48 B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  R ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
A 1t e r n a r i a  a l t e r n a t a  on c u r e d  and i r r a d i a t e d  o n i o n  bulbs 

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  Sum of squ a r e s d. f . M e a n  squ a r e F-rat io Sig.
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 201 .87875 8 2 5 . 2 3 4 8 4 4 2.151 .0392
P l a n t i n g  s e a s o n 35 . 77042 1 3 5 . 7 7 0 4 1 7 3 . 049 .0843
O n i o n  V a r i e t y 8 0 . 6 6 6 6 7 1 8 0 . 6 6 6 6 6 7 6.875 .0103
Irrad. d o s a g e 48 . 45583 2 24 . 227917 2.065 . 1330
Soil T r e a t m e n t 26. 8 8 1 6 7 1 2 6 . 8 8 1 6 6 7 2. 291 . 1337
Part of b ulb 10 . 10417 3 3 . 3 6 8 0 5 6 0 . 287 .8346
R E S I D U A L 10 2 0 . 7 5 4 6 87 1 1 .73281 1
T O T A L ( C O R R .) 1 2 2 2.6333 95

A P P E N D I X  R ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of v a r i e t i e s  of 
o n i o n s  on o c c u r r e n c e  of A. a 1 t e r n a t a  on c u red and i r r a d i a t e d  
o n i o n  bul b s

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

R ed C r e o l e 48 0 . 1 0 0 0 0 0 0 A
T e x a s  G r a n o 48 1 . 933 3 3 3 3 B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  S ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the eff e c t  of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
A. n i g e r  on c u red and i r r a d i a t e d  o n i o n  bulbs

(Data p r o v i d e d  val u e s  in T a b l e s  47-50)

S o u r c e s  of S u m  of Sou r c e s d. f M e a n  square F-rat io S ig
var i at ion 1 eve 1
M A I N  E F F E C T S 4 5 8 9 2 . 4 8 0 8 5 7 3 6 . 5 6 0 4 .777 . 0001
P l a n t i n g  s e a s o n 2 28.167 1 228 . 1 6 7 0 . 190 . 6686
O n i o n  V a r i e t y 4 1 1 5 1 . 6 0 2 1 4 1 1 5 1 . 6 0 2 34.268 . 0000
Irrad. d o s a g e 2 1 6 9 . 8 7 0 2 1084.935 0 . 903 . 4089
S o i 1 T r e a t m e n t 6 3.0 5 0 1 63. 0 5 0 0.053 .8217
P art of b ulb 2 2 79.791 3 7 5 9 . 9 3 0 0 . 633 . 5958
R E S I D U A L 2 7 0 6 . 0 8 6 3 25 10 8 . 2 4 3 4 5
T O T A L ( C O R R . ) 4 4 9 9 . 0 7 8 8 31

M u l t i p l e  r a n g e  a n a l y s i s  
o n i o n s  on o c c u r r e n c e  of 
bu lbs

A P P E N D I X  S ( i i ) 
s h o w i n g  the effect of v a r i e t i e s  of 
A . n i g e r  c u r e d  and i r r a d i a t e d  for o n ion

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

T e x a s  G r a n o 48 3 3 . 4 9 3 7 5 0 A
R e d  C r e o l e 48 7 4 . 9 0 2 0 8 3 B

F i g u r e s  w i t h  the s ame letters are not s i g n i f i c a n t  1y d i f f e r e n t
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A P P E N D I X  T  ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
C. h e r b a r u m  on c u red and i r r a d i a t e d  o n i o n  b u lbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  of Sum of Sou r c e s d.f M e a n  squ a r e F-rat io Sig
v ar i at ion 1 eve 1
M A I N  E F F E C T S 3 7 7 4 . 4 8 2 3 8 471 .8103 7 .736 . 0001
P l a n t i n g  s e a s o n 2 5 6 . 7 6 0 4 1 2 5 6 . 7 6 0 4 4.210 . 0432
O n i o n  V a r i e t y 3 0 5 7 . 7 8 3 8 1 3 0 5 7 . 7 8 3 8 50. 137 .0000
Irrad. d o s a g e 2 9 6 . 6 3 6 9 2 148.3184 2. 423 .0938
Soil T r e a t m e n t 4.5067 1 4.5 0 6 7 0 . 074 .7893
Part of b ulb 1 5 8.7946 3 52.9315 0 . 868 . 4610
R E S I D U A L 5 3 0 6 . 0 5 4 0 87 6 0 . 9 8 9 1 2 6
T O T A L ( C O R R . ) 9 0 8 0 . 5 3 6 3 95

A P P E N D I X  T
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the 
o n i o n s  on o c c u r r e n c e  of C. h e r b a r u m  
o n i o n  bu lbs .

( i i )
e ff e c t  of v a r i e t i e s  of 
on cured and i r r a d i a t e d

O n i o n  V a r i e t y  Count

R e d  C r e o l e  48 
T e x a s  G r a n o  48

A v e r a g e

0 . 1 0 0 0 0 0  
1 1 . 3 8 7 5 0 0

H o m o g e n e o u s
G r o u p s
A
B

M u l t i p l e  r a nge a n a l y s i s  
p l a n t i n g  on o c c u r r e n c e  
o n i o n  b u lbs

A P P E N D I X  T  (iii) 
s h o w i n g  the effect of sea s o n s  of 

of C . h e r b a r u m  on c u red and i r r a d i a t e d

S e a s o n  P l a n t i n g Cou n t  A v e r a g e H o m o g e n e o u s
G r o u p s

D r y  S e a s o n 48 4 . 1 0 8 3 3 3 3 A
R a i n y  Seas o n 48 7 . 3 7 9 1 6 7 B

F i g u r e s  w i t h  the s a me  l e t t e rs  are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  U  ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
F. o x y s p o r u m  on cured and i r r a d i a t e d  o n i o n  bulbs.

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  of S u m  of Sou r c e s d. f M e a n  squa r e F - r a t i o  Sig
v a r i a t  ion 1 eve
M A I N  E F F E C T S 2 1 8 7 2 . 0 5 1 8 2 7 3 4 . 0 0 6 9 .725 . 0000
P l a n t i n g  s e a s o n 36 . 138 1 36. 138 0. 129 .7246
O n i o n  V a r i e t y 17245.801 1 17245.801 61.345 . 0000
Irrad. d o s a g e 2 1 34.771 2 1067.385 3 .797 . 0262
S o i 1 T r e a t m e n t 3.118 1 3.118 0.011 .9175
Part of b ulb 2 4 5 2 . 2 2 4 3 8 1 7 . 4 0 8 2. 908 .0391
R E S I D U A L 2 4 4 5 8 . 0 0 9 87 281 . 12654
T O T A L ( C O R R .) 4 6 3 3 0 . 0 6 0 95

A P P E N D I X  U  ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the eff e c t  of soil v a ri et ies 
of o n i o n s  on o c c u r r e n c e  of F. o x y s p o r u m  on c u red and 
i r r a d i a t e d  o n i o n  bulbs

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

Red C r e o l e 48 0 . 5 1 4 5 8 3 A
T e x a s  G r a n o 48 2 7 . 3 2 0 8 3 3 B

A P P E N D I X  U ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of i r r a d i a t i o n  on 
o c c u r r e n c e  of F .o x v s p o r u m  on c u red and i r r a d i a t e d  o n i o n  bulbs

I r r a d i a t i o n  D o s a g e Count A v e r a g e H o m o g e n e o u s
(Gy) G r o u p s
0 .05 32 1 0 . 021875 A
0 . 00 32 1 1 . 178125 A
0 . 10 32 20 . 5 5 3 1 2 5 A

F i g u r e s  w i t h  the s a me  let t er s  are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  V ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the eff e c t  of soil treatment, 
v a r i e t y  of o n i o n s  and sea s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
F u s a r  ium sp. on c u red and i r r a d i a t e d  o n i o n  bulbs 

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  Sum of s q u a r e s d.f . M e a n  squa r e F-rat io Sig.
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 558 . 83250 8 69 . 8 5 406 6.780 .. 0000
P 1 ant ing s e a s o n 2.2 5 0 9 4 1 2.2 5 0 9 4 0.218 . 6464
O n i o n  V a r i e t y 250 . 58344 1 2 5 0 . 5 8 3 4 4 24.321 . 0000
Trrad. d o s a g e 5 . 56938 2 2.7 8 4 6 9 0 . 270 . 7638
Soil T r e a t m e n t 2.9 7 5 1 0 1 2.9 7 5 1 0 0.289 . 5981
Part of b ulb 2 9 7 . 4 5 3 6 5 3 9 9 . 1 5 1 2 2 9 . 623 . 0000
R E S I D U A L 8 9 6 . 3 7 4 0 6 87 10.30315
T O T A L ( C O R R . ) 1 4 5 5 . 2 0 6 6 95

M u l t i p l e  r a nge a n a l y s i s  
o n i o n s  on o c c u r r e n c e  of 
o n i o n  b u lbs

A P P E N D I X  V  ( 
s h o w i n g  the 
F u s a r i u m  sp

i i )
effect of v a r i e t i e s  of 

. on c u r e d  and i r r a d i a t e d

O n i o n  V a r i e t y Count A v e r a g e  H o m o g e n e o u s
Gr o u p s

Red C r e o l e 48 0 . 1 0 0 0 0 0 0  A
T e x a s  G r a n o 48 3.3 3 1 2 5  B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  W  ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  a n d  s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
P .eye 1 op ium on c u r e d  and i r r a d i a t e d  o n i o n  bulbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  Sum of squ a r e s d.f . M e a n  squ a r e F-rat io Sig.
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 1 1 0 97.217 8 1387.1521 4.275 . 0002
P l a n t i n g  s e a s o n 9 . 375 1 9.37 5 0 0 . 029 . 8672
On ion V ari et y 8 7 9 7 . 5 1 0 1 8 79 7 . 5  104 27 . 113 . 0000
Irrad. d o s a g e 463 . 5 2 3 2 231 .7617 0.714 .4929
Soil T r e a t m e n t 1 1 .900 1 1 1.9004 0 . 037 . 8506
Part of b u 1b 1 814.908 3 6 0 4 . 9 6 9 3 1 . 864 .1416
R E S I D U A L 2 8 2 2 9 . 1 7 3 87 3 2 4 . 4 7 3 2 5
T O T A L ( C O R R .) 3 9 3 2 6 . 3 9 0 95

A P P E N D I X  W  ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the eff e c t  of v a r i e t i e s  of
o n i o n s  on o c c u r r e n c e  of P. 
o n i o n  bul b s

c v e 1 op i um on c u red and i r r a d i a t e d

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

R e d  C r e o l e 48 0. 1000000 A
T e x a s  G r a n o 48 19 . 245833 B

F i g u r e s  w i t h  the s ame letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  X ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
Rhi zopus sp. on c u r e d  and i r r a d i a t e d  o n i o n  bulbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  Sum of squ a r e s d.f. M e a n  squ a r e F-rat io Sig .
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 87 3 3 . 2 8 1 7 8 1091 .6602 3 .460 . 0017
P l a n t i n g  s e a s o n 8 4 6 . 0 9 3 8 1 846 . 0938 2. 682 . 1051
O n i o n  V a r i e t y 4 9 5 0 . 7 5 3 8 1 4 9 5 0 . 7 5 3 8 15 . 692 . 0002
Irrad. d o s a g e 27 3 5 . 3 9 2 5 2 1 3 6 7 . 6 9 6 2 4 . 335 .0160
So i 1 T r e a t m e n t 1 73.3437 1 173.3437 0 . 549 . 4685
Part of b u l b 2 7 . 6 9 7 9 3 9.23 2 6 0 . 294 . 9932
RES I D U  AT, 2 7 4 4 8 . 9 2 5 87 3 1 5 . 5 0 4 8 8
T O T A L (C O R R .) 3 6 1 8 2 . 2 0  6 9 5

A P P E N D I X  X ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of v a r i e t i e s  of 
o n i o n s  on o c c u r r e n c e  of R h i zopus sp. on c u red and i r r a i d i a t e d  
o n i o n  bul b s

O n i o n  V a r i e t y

T e x a s  G r a n o  
Red C r e o l e

Count

48

48

A v e r a g e

0 . 1 0 0 0 0 0  

14.462500

H o m o g e n e o u s
G r o u p s

A
B

A P P E N D I X  X ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the eff e c t  of i r r a d i a t i o n  on
o c c u r r e n c e  of R h i z o p u s  sp. on cured and i r r a d i a t e d o n i o n  bulbs

I r r a d i a t i o n  D o s a g e Count A v e r a g e H o m o g e n e o u s
(Gv) G r o u p s
0 . 10 32 0. 100000 A
0 . 05 32 8.8 5 6 2 5 AB
0 . 00 32 12 . 8 8 7 5 0 0 B

F i g u r e s  w i t h  the s am e  l e t t er s a re  not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  Y ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
T .v i r i de on c u red and i r r a d i a t e d  o n i o n  bul b s

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-50)

S o u r c e s  Sum of s q u a r e s d. f . M e a n  square F-rat io Sig .
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 7234.1533 8 904.2692 4 .759 . 0001
P 1 ant ing s e a s o n 406.7267 1 406.7267 2. 14 . 1470
On i on Var i e tv 2348.2817 1 2348 . 2817 12.359 . 0007
Irrad. d o s a g e 3105.7433 2 1552.8717 8.173 . 0006
S o i 1 T r e a t m e n t 1287 .7350 1 1287.7350 6 . 777 .0109
Part of b u l b 85.6667 3 28 . 5 55 6 0 . 150 . 9292
R E S I D U A L 16530.485 87 190.00557

T O T A L ( C O R R .) 23764.638 95

A P P E N D I X  Y ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the eff e c t  of v a r i e t i e s  of 
o n i o n s  on o c c u r r e n c e  of T .v i r i de on cured and i r r a d i a t e d  onion 
b u l b s

O n i o n  V a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

T e x a s  G r a n o 48 0 . 1000000 A
R e d  C r e o l e 48 9 . 991 6 6 6 7 B

A P P E N D I X  Y ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of i r r a d i a t i o n  on 
o c c u r r e n c e  of T. v i r i d e  on c u red and i r r a d i a t e d  o n i o n  bulbs

I r r a d i a t i o n  D o s a g e C o u n  t A v e r a g e H o m o g e n e o u s
(Gy) G r o u p s
0.10 32 0 . 1 0 0 0 0 0 A
0 . 00 32 2 . 0 2 5 0 0 0 A
0 .05 32 13. 0 1 2 5 0 0 B



3 2 8

A P P E N D I X  Y ( iv)
M u l t i p l e  ran g e  a n a l y s i s  s h o w i n g  the effe c t  of M a n u r e  and 
M a n u r e  and S u l p h a t e  of A m m o n i a  on o c c u r r e n c e  of T. v i r i d e  
on c u red and i r r a d i a t e d  bulbs

S o i 1 T r e a t m e n t Count A v e r a g e H o m o g e n e o u s
G r o u p s

M a n u r e  and S u l p h a t e 48 1 .3833333 A
of A m m o n i a
M a n u r e 48 8 . 7 0 8 3 3 3 3 B

F i g u r e s  w i t h  the s ame letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  Z ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil tr e a t m e n t  
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
A s p e r g i 1 lus f 1avus on cured i r r a d i a t e d  and stor e d

(Data p r o v i d e d  v a l u e s  in T a b l e s  47-51)

S o u r c e s S u m  of squ a r e s d.f. M e a n  squ a r e F-rat io Sig.
of var iat ion 1 eve 1
M A I N  E F F E C T S 5 0 3 . 6 3 7 2 9 8 6 2 . 9 5 4 6 6 2.310 . 0270
P l a n t i n g  s e a s o n  3 6 6 . 2 1 0 9 4 1 3 6 6 . 2 1 0 9 4 13 . 436 . 0004
O n i o n  V a r i e t y 5 . 8 5 0 9 4 1 5.8 5 0 9 4 0.215 . 6492
Irrad. d o s a g e 7 . 1 5 7 5 0 2 3.57875 0.131 . 8771
So i 1 T r e a  tment 6 5 . 1 7 5 1 0 1 65 .17510 2 . 391 . 1256
Part of bulb 59.24281 3 1 9 .74760 0 .725 . 5400
R E S I D U A L 2 3 7 1 . 2 4 4 3 87 27 . 2 5 5 6 8 1
T O T A L ( C O R R .) 2 8 7 4 . 8 8 1 6 95

A P P E N D I X  Z ( i i )
M u l t i p l e  ran g e  a n a l y s i s  s h o w i n g  the effect of p l a n t i n g  sea s o n s  
on o c c u r r e n c e  of A .f 1avus on c u r e d ,i r r a d i a t e d  and s t o r e d  o n ion 
b u lbs

S e a s o n s  of p l a n t i n g Count A v e r a g e H o m o g e n e o u s
G r o u p s

D r y  S e a s o n 48 0 . 8 5 6 2 5 0 0 A
R a i n y  S e a s o n 48 4 . 7 6 2 5 0 0 0 B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  A, ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
A s p e r g i 1 lus n iger on c u red i r r a d i a t e d  and s t o r e d  o n i o n  bulbs 

(Data p r o v i d e d  v a l u e s  in T a b l e s  51-54)

S o u r c e s  Sum of squ a r e s d. f . M e a n  square F -rat i o Sig .
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 8 8 4 2 . 9 1 6 7 8 1 1 0 5 . 3 6 4 6 4 . 3 8 1 . 0 0 0 2
P l a n t i n g  s e a s o n 5 0 0 2 . 5 9 3 8 1 5 0 0 2 . 5 9 3 8 1 9 . 8 2 5 . 0 0 0 0
O n i o n  V a r i e t y 1 183  . 0 1 0 4 1 1 1 8 3 . 0 1 0 4 4 . 6 88 . 0 3 3 1
Irrad. d o s a g e 1 5 7 . 9 3 7 5 2 7 8 . 9 6 8 8 0 . 3 1 3 . 7 3 2 1
S o i 1 T r e a t m e n t 7 2 0 . 5 1 0 4 1 7 2 0 . 5 1 0 4 2 . 8 5 5 . 0 9 4 7
Part of b ulb 1 7 7 8 . 8 6 4 6 3 5 9 2 . 9 5 4 9 2 . 3 5 0 . 0 7 8 0
R E S I D U A L 2 1 9 5 3 . 2 4 0 87 2 5 2 . 3 3 6 0 9
T O T A L ( C O R R .) 3 0 7 9 6 . 1 5 6 95

A P P E N D I X  A, ( i i ) 
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of 
on o c c u r r e n c e  of A . n i g e r  on c u red i r r a d i a t e d  
bu lbs

p l a n t i n g  seasons 
and s t o r e d  o n ion

S e a s o n s  of p l a n t i n g Count A v e r a g e H o m o g e n e o u s
Gr o u p s

R a i n y  S e a s o n 48 7 5 . 6 8 7 5 0 0 A
D r y  Seas o n 48 ( 9 0 . 1 2 5 0 0 0 B

A P P E N D I X  A, ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of v a r i e t i e s  of 
n n i n n s  on o c c u r r e n c e  of A . n i g e r  on c u r e d ,i r r a d i a t e d  and sto r e d  
o n i o n  b u l b s

O n i o n  v a r i e t y Count A v e r a g e H o m o g e n e o u s
G r o u p s

T e x a s  G r a n o 48 79 . 395833 A
Red C r e o l e 48 8 6 . 4 1 6 6 6 7 B

F i g u r e s  w i t h  the s am e  l et te r s are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  B , ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effe c t  of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
C u r v u 1ar i a lunata on c u red i r r a d i a t e d  and s t o r e d  o n i o n  bulbs 

(Data p r o v i d e d  v a l u e s  in T a b l e s  51-54)

S o u r c e s S u m  of squ a r e s d.f. M e a n  squa r e F-rat io Sig .
of var i at ion 1 eve 1
M A I N  E F F E C T S 4 5 . 7 3 7 2 9 2 8 5 . 717161 1 .754 .0973
P l a n t i n g  s e a s o n  2 5 . 4 2 0 4 1 7 1 2 5 . 4 2 0 4 1 7 7 .799 . 0064
O n i o n  V a r i e t y 0. 135000 1 0 . 135000 0.041 .4814
Irrad. d o s a g e 6 .458958 2 3 . 2 2 9 4 7 9 0.991 .3754
So i 1 T r e a t m e n t 8 . 520417 1 8 . 5 2 0 4 1 7 2.614 . 1095
Part of b ulb 5 . 2 0 2 5 0 0 3 1.734167 0 . 532 . 6615
R E S I D U A L 2 8 3 . 5 6 1 0 4 87 3 . 2 5 9 3 2 2 3
T O T A L ( C O R R . ) 3 2 9 . 2 9 8 3 3 95

A P P E N D I X  B , ( i 
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the 
on o c c u r r e n c e  of C . l u n a t a  on c u red i 
bu lbs

i )
effect of 
r rad i at ed

p l a n t i n g  s e a s o n s  
and s t o r e d  o n i o n

S e a s o n s  of p l a n t i n g  Count

D r y  S e a s o n  48 
R a i n y  S e a s o n  48

A v e r a g e

0 . 1 8 1 2 5 0 0  
1. 2 104167

H o m o g e n e o u s
G r o u p s

A
B

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  Cf. ( i )
An a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
Rhi z o pus sp. on c u r e d ,i r r a d i a t e d  and s t o r e d  o n i o n  bulbs

(Data p r o v i d e d v a 1ues in T a b l e s  51 -54)

S o u r c e s S u m  of squ a r e s d. f . M e a n  squ a r e F-rat io Sig.
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 1 2 8 4.1983 8 16 0 .52479 4 . 435 . 0002
P l a n t i n g  s e a s o n  6 0 1 . 0 0 0 4 1 601 .00042 16.603 . 0001
O n i o n  V a r i e t y 201 .2604 1 201 .26042 5 . 560 . 0206
I r r a d . d o s a g e 305 . 1458 2 15 2 . 5 7 2 9 2 4.215 .0179
Soil T r e a t m e n t  1 68.0104 1 16 8 . 0 1 0 4 2 4 . 641 . 0340
Part of b ulb 8.7813 3 2. 92708 0 . 081 . 9703
R E S I D U A L 3 1 4 9 . 2 8 1 3 87 36. 198635
T O T A L ( C O R R . ) 4 4 3 3 . 4 7 9 6 95

A P P E N D I X  Cy ( i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of p l a n t i n g  sea s o n s  
on o c c u r r e n c e  of Rh i zopus sp. on c u r e d ,i r r a d i a t e d  and sto r e d  
o n i o n  b u lbs

S e a s o n s of p l a n t i n g Count A v e r a g e H o m o g e n e o u s
G ro u p s

D r y S ea s o n 48 0 . 1000000 A
Ra i ny S e a s o n 48 5.1 0 4 1 6 6 7 B

A P P E N D I X  C, ( i i i )
M u l t i p l e  r a nge a n a l y s i s  s h o w i n g  the effect of v a r i e t i e s  of 
o n i o n s  on o c c u r r e n c e  of Rhi z o p u s  sp. on c u r e d ,i r r a d i a t e d  and 
s t o r e d  o n i o n  bulbs

O n i o n  v a r i e t y  Count A v e r a g e  H o m o g e n e o u s
G r o u p s

Red C r e o l e  48 1 . 1 541667 A
T e x a s  G r a n o  48 4 . 0 5 0 0 0 0 0  A



A P P E N D I X  C t ( iv)
Mu 1t i p 1e .r a nge a n a l y s i s  s h o w i n g  the effe c t  of soil tr e a t m e n t  
on o c c u r r e n c e  of Rh i zopus sp. on c u r e d , i r r a d i a t e d  and s t o r e d  
o n i o n  b u lbs

Soil T r e a t m e n t Count A v e r a g e H o m o g e n e o u s
G r o u p s

M a n u r e 48 1 .2791667 A
M a n u r e  and
S u l p h a t e  of A m m o n i a 48 3 . 9 2 5 0 0 0 0 A

M u l t i p l e  r a nge a n a l y s i s  
t r e a t m e n t  on o c c u r r e n c e  
and s t o r e d  oni o n  bulbs

A P P E N D I X  
s h o w i n g  the 
of R h i z o p u s

Cv (v) 
effect of i r r a d i a t i o n  
sp. on c u r e d ,i r r a d i a t e d

I r r a d i a t i o n  dosa g e C ount A v e r a g e H o m o g e n e o u s
(Gy) G r o u p s
0 . 00 48 1 . 1437500 A.oo 48 1 . 5 500000 A
0 . 10 48 5.1 125000 A

F i g u r e s  w i t h  the same letters are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  Dj ( i )
A n a l y s i s  of v a r i a n c e  s h o w i n g  the effect of soil treatment, 
v a r i e t y  of o n i o n s  and s e a s o n s  of p l a n t i n g  on o c c u r r e n c e  of 
S y n c e p h a l a s t r u m  r a c e m o s u m  c u r e d ,i r r a d i a t e d  and s t o r e d  onion 
bu lbs

(Data p r o v i d e d  v a l u e s  in T a b l e s  51-54)

S o u r c e s  Sumi of squ a r e s d.f. M e a n  square F-rat io Sig.
of v a r i a t i o n 1 eve 1
M A I N  E F F E C T S 3 2 5 . 6 5 8 7 5 8 4 0 . 7 0 7 3 4 6. 907 . 0000
P l a n t i n g  s e a s o n 1 9 8 .66260 1 198 . 6 6 2 6 0 3 3 .707 .0000
O n i o n  V a r i e t y 24 . 70510 1 24. 7 0 5 1 0 4 . 192 . 0436
Irrad. dos a g e 61 . 7 3 896 2 3 0 . 8 6 9 4 8 5 . 238 . 0071
Soil T r e a t m e n t 9 . 8 1 7 6 0 1 9 .81760 1 . 666 . 2003
Part o f  b ulb 3 0 . 7 3 4 4 8 3 10.244 1.738 .1651
R E S I D U A L 5 1 2 . 7 6 8 6 5 87 5 . 8 9 3 8 9 2 5
T O T A L ( C O R R . ) 8 3 8 . 4 2 7 4 0 95

A P P E N D I X
M u l t i p l e  range a n a l y s i s  s h o w i n g  
on o c c u r r e n c e  of S . r a c e m o s u m  on 
o n i o n  b u lbs

Dji (ii)
the effe c t  of p l a n t i n g  sea s o n s  
c u r e d ,i r r a d i a t e d  and sto r e d

S e a s o n s  of p l a n t i n g

D r y  S e a s o n  
R a i n y  Sea s o n

Count

48
48

A v e r a g e  H o m o g e n e o u s  
G r o u p s  

0 . 1 0 0 0 0 0 0  A 
2 . 9 7 7 0 8 3 3  B

A P P E N D I X  D t ( ii i ) 
M u l t i p l e  range a n a l y s i s  s h o w i n g  the effect of 
n n i n n s  on o c c u r r e n c e  of S .r a c e m o s u m  on cured, 
s t o r e d  o n i o n  bulbs

v a r i e t i e s  of 
i r r a d i a t e d  and

O n i o n  v a r i e t y

Red C r e o l e  
T e x a s  G r a n o

Count

48
48

A v e r a g e

1 .0312500 
2 . 0 4 5 8 3 3 3

H o m o g e n e o u s
G r o u p s

A
B

F i g u r e s  w i t h  the s am e l ett e rs  are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  D, ( iv)

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

t r e a t m e n t  o n  o c c u r r e n c e  o f  S.. r a c e m o s u m  o n  c u r e d , i r r a d i a t e d  

a n d  s t o r e d  o n i o n  b u l b s

I r r a d i a t i o n  d o s a g e C o u n t A v e r a g e H o m o g e n e o u s

(Gy) G r o u p s

0 . 00 48 0 . 7 0 6 2 5 0 0 A

0 . 10 48 1 . 2 8 7 5 0 0 0 A B

0 . 05 48 2 . 6 2 1 8 7 5 0 B

F i g u r e s  w i t h  t h e  s a m e  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  E|. ( i )

A n a l y s i s  o f  v a r i a n c e  s h o w i n g  t h e  e f f e c t  o f  s o i l  t r e a t m e n t ,  

v a r i e t y  o f  o n i o n s  a n d  s e a s o n s  o f  p l a n t i n g  o n  o c c u r r e n c e  of 

T r  i c h o d e r m a  v i r i d e  o n  c u r e d ,i r r a d i a t e d  a n d  s t o r e d  o n i o n  b u l b s  

( D a t a  p r o v i d e d  v a l u e s  in T a b l e s  5 1 - 5 4 )

S o u r c e s S u m  o f  s q u a r e s d .f . M e a n  s q u a r e F - r a t i o Sig.

o f  v a r i a t i o n 1 e v e  1

M A I N  E F F E C T S 1 4 9 . 4 2 1 8 8 8 1 8 . 6 7 7 7 3 4 4 . 3 81 . 0 0 6 2

P l a n t i n g  s e a s o n  5 1 . 3 3 3 7 5 1 51 . 3 3 3 7 5 0 8 . 0 1 8 . 0 0 5 8

O n i o n  V a r i e t y 2 5 . 2 1 5 0 0 1 2 5 . 2 1 5 0 0 0 3 . 9 3 8 . 0 5 0 4

I r r a d .  d o s a g e 18 . 2 3 6 8 7 2 9 . 1 1 8 4 3 7 1 . 4 2 4 . 2 4 6 3

S o i l  T r e a t m e n t 23 . 6 0 1 6 7 1 2 3 . 6 0 1 6 6 7 3 . 6 8 6 . 0 5 8 1

P a r t  o f b u l b 31 . 0 3 4 5 8 3 1 0 . 3 4 4 8 6 1 1 . 6 1 6 . 19 1 5

R E S I D U A L 5 5 7  . 0 2 4 3 8 87 6 . 4 0 2 5 7 9 0

T O T A L ( C O R R . ) 7 0 6 . 4 4 6 2 5 95

A P P E N D I X  Ej 

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  th e  

o n  o c c u r r e n c e  o f  T . v i r i d e  o n  c u r e d ,  

b u l b s

(ii)

e f f e c t  of 

i r r a d  i at ed

p l a n t i n g  s e a s o n s  

a n d  s t o r e d  o n i o n

S e a s o n s  o f  p l a n t i n g  C o u n t

D r y  S e a s o n  48 

R a i n y  S e a s o n  48

A v e r a g e

0. 1 0 0 0 0 0  

1 . 5 6 2 5 0 0

H o m o g e n e o u s

G r o u p s

A

B

A P P E N D I X  E , ( i i i )

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  of v a r i e t i e s  of 

o n i o n s  o n  o c c u r r e n c e  o f  T .vi r i de o n  c u r e d , i r r a d i a t e d  a n d  

s t o r e d  o n i o n  b u l b s

O n i o n  v a r i e t y C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

R e d  C r e o l e 48 0. 3 1 8 7 5 0 0 A

T e x a s  G r a n o 48 1 . 3 4 3 7 5 0 0 B
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A P P E N D I X  E, ( iv)

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

o n  o c c u r r e n c e  o f  T .v i r ide o n  c u r e d , i r r a d i a t e d  a n d  s t o r e d  o n i o n  

b u  lbs

S o i l  T r e a t m e n t C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

M a n u r e  a n d

S u l p h a t e  o f  A m m o n i a 48 0 . 3 3 5 4 1 6 7 A

M a n u r e 48 1 . 3 2 7 0 8 3 3 B

F i g u r e s  w i t h  t h e  s a m e  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  F, ( i )

A n a l y s i s  o f  v a r i a n c e  s h o w i n g  t h e  e f f e c t  o f  s o i l  t r e a t m e n t ,  

v a r i e t y  o f  o n i o n s  a n d  s e a s o n s  o f p l a n t i n g  o n  o c c u r r e n c e  o f  

Y e a s t  spp.' o n  c u r e d , i r r a d i a t e d  a n d  s t o r e d  o n i o n  b u l b s  

( D a t a  p r o v i d e d  v a l u e s  in T a b l e s  5 1 - 5 4 )

S o u r c e s  S u m  o f  s q u a r e s d. f. M e a n  s q u a r e F - r a t  io Sig.

o f  v a r i a t i o n 1 e v e  1

M A I N  E F F E C T S 1 . 5 2 8 5 4 1 7 8 0 . 1 9 1 0 6 7 7 2. 3 8 0 . 0 2 2 8

P l a n t i n g  s e a s o n 0 . 3 2 6 6 6 6 7 1 0 . 3 2 6 6 6 6 7 4 . 0 6 9 . 0 4 6 8

O n i o n  V a r i e t y 0 . 3 2 6 6 6 6 7 1 0 . 3 2 6 6 6 6 7 4 . 0 6 9 . 0 4 6 8

I r r a d .  d o s a g e 0 . 2 1 3 9 5 8 3 2 0 . 1 0 6 9 7 9 2 1 . 3 3 2 . 2 6 9 1

S o i 1 T r e a t m e n t 0 . 0 3 3 7 5 0 0 1 0 . 0 3 3 7 5 0 0 0 . 420 . 5 2 5 4

P a r t  o f  b u l b 0 . 6 2 7 5 0 0 0 3 0 . 2 0 9 1 6 6 7 2. 6 05 . 0 5 6 9

R E S I D U A L 6. 9 8 4 7 9 1 7 87 0 . 0 8 0 2 8 5 0

T O T A L ( C O R R . ) 8 . 5 1 3 3 3 3 3 95

A P P E N D I X  F, (ii)

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f  p l a n t i n g  s e a s o n s  

o n  o c c u r r e n c e  o f Y e a s t  s p p .  o n  c u r e d , i r r a d i a t e d  a n d  s t o r e d  

o n i o n  b u l b s

S e a s o n ^  o f  p l a n t i n g  C o u n t

R a i n y  S e a s o n  48 

D r y  S e a s o n  48

A v e r a g e

0 . 1 0 0 0 0 0 0  

0 . 2 1 6 6 6 6 7

H o m o g e n e o u s

G r o u p s

A

A

A P P E N D I X  F, ( iii)

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f v a r i e t i e s  of  

o n i o n s  o n  o c c u r r e n c e  o f  Y e a s t  s p p.  o n  c u r e d , i r r a d i a t e d  a n d  

s t o r e d  o n i o n  b u l b s

O n  i on v a r  i e t y C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

R e d C r e o l e 48 0 . 1 0 0 0 0 0 0 A

T e x a s G r a n o 48 0 . 2 1 6 6 6 6 7 A

F i g u r e s  w i t h  the s am e  l e t t e rs  a re not s i g n i f i c a n t l y  d i f f e r e n t



3 3  9

A P P E N D I X  Gj
G r o w t h  of i e s i o n s  in T o m a t o  F r u i t s  i n o c u l a t e d  w i t h  A l t e r n a r i a  a l t e r n a t a . A s p e r g i 1 ins t e r r e u s . C o r v n e s o o r a  c a s i i c o l a  a n d  C t a d o s o o r i u a  herbarutn and 

i n c u b a t e d  at 27 C  for 10 days

Tom to T y p e  M e a n  R ot D i a m e t e r  (mini a f t e r

lnocuiusi V a r i e t y of
I n o c u l a t i o n 2 d a y s d a y s 6 d a y s 8 d a y s 10 d a y s

A i t e r n a r i a H e i n z S u r f a c e 7.5 t 0.1 12 5 t 0.1 1 8 . 5  t 0.5 2 2 . 0 2 4 . 5  + 0.5

a l t e r n a t a W o u n d 9 .0 18 5 t 0 .5 2 9 . 5  t 1.0 3 7 . 5 6 0 . 0  i 0 .5

R o s a S u r f a c e 7 .3 t 0.1 10 3 i 0.1 1 2 . 5  t 0.5 13.5 15 . 0

Ro u n d 9 .0 15 0 18.5 i  0 .5 27 . 5 3 6 . 0  t 0 .5

W o s o  S u r f a c e 9. 0 14 5 1 0 .5 2 1 . 5  t 0.5 24 . 5 27 . 0

w o s o W o u n d 1 0 . 0 2 2 0 3 6 . 5  i 1.0 41 . 5 7 0 . 0  t 0.5

A s p e m i i u s H e i n z S u r f a c e 6 . 0  8 . 5  t 0 .1 9 . 0  t 0.1 10 . 5  i 0 .5 15 . 0

t e r r e u s f o u n d 6 . 5  t 0. 1  2 1 . 0 4 6 . 5  i 0.5 6 2 . 0  t 1 . 0 7 5 . 5  ! 1.5

Ro m a S u r f a c e 6 . 0  8 .5 t 0.1 8 . 5  t 0.1 9 .0 13.0

f o u n d 8 . 0  2 3 . 0 4 1 . 5  t 0 .5 4 8 . 3  i 0.4 5 9 . 5  t 0 .5

W o s o  S u r f a c e 5 . 0  8 . 5  t 0.1 1 2 . 0 17 . 5  i 0 .5 2 8 . 5  i 0 . 1
w o s o • S o u n d 6. 5  t 0. 1  2 2 . 5  t 0 .5 5 9 . 5  i 0. 5 7 5 . 0  i 1.0 8 2 . 0  i 0.5



3>4-°

A p p e n d i i  G j  C o n t d .

C o r v c e s o o r a  H e i n z S u r f a c e 6 .3 t 0.1 1 0 . 0 16.0 18.5 + 0.5 2 1 . 0
c a s i i c o i a S o u n d 7 . 0 13 . 0 28 . 5  i 0.1 6 0 . 0  t 1 . 0 6 4 . 0  t . 0

R o s a S u r f a c e 6.3 9 . 6  i 0.1 15 . 3  i 0.3 17.0 19.0
S o u n d 6 . 0 12 . 3  t 0.1 3 6 . 0  t 0.1 5 4 . 0  i 1 . 0 65 . 5  t 0.5

W o s o - S u r f a c e 6 . 0 1 1 . 3 1  0. 1 17.0 19.0 2 2 . 0
v o s o S o u n d 9 .0 14 . 0 2 1 . 0 6 7 . 5  i 0.5 6 9 . 0  t . 0

C l a d o s o o r  iuts B e i n z S u r f a c e  3 .0 4. 0 5.0 6 . 0 6 . 0
p e r b a r u m S o u n d  4 . 0 6 . 0 6 . 0 7. 5 75 . 5  t 0.1

R o o a S u r f a c e  3 .5 3.5 5.0 5.0 6 . 0
S o u n d  3 .5 4.5 5 .0 5 .5 t 0.1 6 . 5  i 0.1

W o s o  S u r f a c e  3 .5 4. 0 5 .0 6 . 0 6 . 0
w o s o S o u n d  5 .5 7 .5 + 0. 1 9.0 9 .0 9 .0
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A P P E N D I X  Hj
G r o w t h  o f  l e s i o n s  in T o m a t o  F r u i t s  i n o c u l a t e d  w i t h  C u r v u 1ar i a  l u n a t a , F u s a r i u m  o i v s p o r u m , H i e r o s o o r a  o r v z a e  a n d  S c o p u i a r i o p s i s  b r e v i c a u L i s  
at 27 C fo r  10 d a y s

T o m a t o  T y p e  M e a n  R ot P i a a e t e r  (nnl a f t e r
I n o c u l u m V a r i e t y of

I n o c u l a t i o n 2 d a y s 4 d a y s 6 d a y s 8 d a y s 10 d a y s

C u r v u l a r i a H e i n z S u r f a c e 4.0 4.5 1 0.1 8 f 5  t 0 . 1 13.0 1 6 . 5  t 0.1
l u n a t a W o u n d 5 .5 6.5 t 0.1 10 . 5  t 0.1 2 2 . 5 +  0.5 2 9 . 5  i 0. 5

R o m a S u r f a c e 3.5 4.0 7 . 0 11.0 1 2 . 0
W o u n d 5 .0 5. 0 8 . 0 1 7 . 5 1  0.5 21 . 5  ! 0 .5

S o s o - S u r f a c e 4.0 5.5 1 1 . 5  1 0. 5 14 . 5  i 0.1 1 8 . 5  t 0.5
w o s o W o u n d 6 . 0 27 . 5  1 0 .5 3 8 . 5  t 0. 5 5 4 . 0  t 1.0 6 2 . 0  t 1 . 0

P u s a r  i um H e i n z S u r f a c e 7 .0 1 2 . 0 2 4 . 0 2 6 . 0 3 8 . 0  t 0. 5
O X V S D O r U E W o u n d 19.0 2 7 . 5  1 0 .5 5 3 . 0  I 1.0 7 0 . 0 +  1.0 9 2 . 0  t 1.0

R o m a S u r f a c e 8 .0. 1 0 . 0 2 0 . 0 2 5 . 5  t 0 .5 4 5 . 5  0 .5
W o u n d 2 1 . 0  t 0,5 2 8 . 5  t 0 .5 5 4 . 5  i 1.0 7 4 . 5  t 0.5 8 4 . 0  + 1.0

W o s o  S u r f a c e 9 .0 19.0 3 0 . 0 4 7 . 0  ! 0.5 6 8 . 0  t 1 . 0
w o s o W o u n d 17 . 0 3 5 . 0  1 0.5 7 9 . 0  t 1.0 8 3 . 0  r 1.0 9 4 . 0  t 1.0



2>U

A p p e n d i x  Hj C o n t d .

H i g r o s p o r a H e i n z S u r f a c e 3 . 0 3 .0 3 .0 3.0 3.0
o r y z a e S o u n d 4.3 2 3 . 5  t 0 .5 6 2 . 5  1 0.5 7 5 . 0  t 1.0 8 0 . 0  +  1 . 0

R o m a S u r f a c e 3.0 3 .0 3.0 3. 0 3.0
S o u n d 3.3 2 4 . 0  1 0 .5 5 7 . 5  1 0 .5 6 8 . 0  1 1 . 0 7 3 . 5  + 0 .5

W o s o  S u r f a c e 3 . 0 3 . 0 ' 3.0 3. 0 3 .0
w o s o S o u n d 6 . 0 2 3 . 5  t 0 .5 6 8 . 5  i 0.5 7 2 . 0  i  1.0 7 9 . 5  i  0 . 5

S c o o n l a r i o D S  is Beinz. S u r f a c e 8 .5 t 0.1 13 . 5  i 0. 5 15.0 2 1 . 5  i 0 .5 3 6 . 5  i 0 .5
b r e v i c a u i i s S o u n d 13 . 5  t 0 .5 2 8 . 0 4 2 . 0  t 1.0 6 3 . 0  i 1.0 6 7 . 0  t 1 .0

R o i a S u r f a c e 8 . 5  ±0.1 1 2 . 0 13.0 13.0 1 3 . 0
W o u n d 2 1 . 0  i  0. 5 3 1 . 5  t 0 . 5 4 0 . 5  t 0.5 4 6 . 0  t 0 .5 5 2 . 5  t 0 . 5

S o s o - S u r f a c e 8.5 1 5 . 0 17.5 1 0.5 2 9 . 5  t 0 .5 3 7 . 5  i 0 . 5
w o s o W o u n d 1 1 . 5  i 0. 1 2 0 . 0 3 7 . 0  t 1.0 5 9 . 8  i  0 .4 6 5 . 5  i 1.0
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Appendix Ilj

Hydrogen ion concentration of different natural media during growth of 
C. casi icola at 30±2°C

Broth pH after following days of incubation

0 2 4 6 8 10

Cassava Dextrose 5.6 6.1 7.5 7.9 7.8 7.8

Pawpaw Extract 5.5 6.3 7.4 7.8 8.0 8.2

Potato Dextrose 5.9 6.1 7.5 7.6 7.6 7.6

Sweet Potato Dextrose 5.7 5.9 7.3 7.6 7.5 7.5

V-8 4.2 4.3 4.6 4.3 8.0 8.3

Yeast Extract 5.6 6.7 7.7 8.4 8.6 8.6



34.4

Conductivity of media with different Natural media during growth of C. 
casi icola at 30±2°C.

Appendix Jj

Broth Conductivity 
incubation

(uS/cm) after following days of

0 2 4 6 8 10

Cassava Dextrose 1.23 0.79 0.74 0.80 0.81 0.86

Pawpaw Extract 1.62 1.05 1 .06 1 .07 1.12 1 .22

Potato Dextrose 1.87 1 .56 1.31 1 .39 1 .34 1 .45

Sweet Potato Dextrose 0.88 1 .16 1.12 1 .06 1 .02 1 .05

V-8 3.75 3.89 3.81 3.45 3.98 4.17

Yeast Extract 1.37 1 .35 1 .83 2.14 1 .95 1 .94



A P P E N D I X  Ki (i)

A n a l y s i s  o f  v a r i a n c e  o f t h e  d a t a  in T a b l e  6 2 s h o w i n g  t h e  

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

C  .c a s  i i c o 1 a at 30± 2o C u n d e r  d a y / n i g h t  c o n d i t i o n

S o u r c e s  o f S u m  o f  S o u r c e s d f M e a n  s q u a r e F - r a t  io Sig.

v a r i a t  i o n L e v c  I

M A I N  E F F E C T S 701082.88 11 63734.807 39.142 . 0000
N a t u r a l  m e d i a 479264.23 5 95852.847 58 .866 .0000
I n c u b a t  i o n

t i m e 249277.18 4 62319.296 38 . 272 . 0000
R e p  1 i c a t  es 83 .03 2 41.514 0-025 . 9748
R E S I D U A L 127008.24 78 1628.3108

T O T A L ( C O R R . ) 828091 . 12 89

A P P E N D I X  Ki ( i i )

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f

d i f f e r e n t  n a t u r a l  m e d i a  o n  v e g e t a t i v e  g r o w t h  o f  C.

c a s  i i c o 1 a at 30 + 2 C  u n d e r  d a y / n i g h t  c o n d i t i o n .  ( N o t e  the

d i f f e r e n c e s  b e t w e e n  S c h e f f  A v e r a g e s  f o r  t h e  d i f f e r e n t  b r o t h s )

B r o t h C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

P a w p a w  e x t r a c t 1 5 60 . 0 0 0 0 A

Y e a s t  e x t r a c t 15 61 . 33 3 3 A

V - 8 14 64 . 2 8 5 7 1 A

C a s s a v a  d e x t r o s e 15 1 4 3 . 2 6 6 6 7 B

P o t a t o  d e x t r o s e 16 1 9 8 . 0 6 2 5 0 C

S w e e t  P o t a t o  d e x t r o s e 15 2 3 6  . 6 0 0 0 0 C

F i g u r e s  w i t h  the s a me  l e t te r s a re not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  L j

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

f r u i t s  o f  p e p p e r  a n d  t o m a t o  d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 t 2 ° C

Culture media 
of extracts

pH after following days of i ncubation

0 2 4 6 8 10

Onion bulb 5.5 5.5 5.5 5.5 6.8 7.9

Pepper fruit 5.2 5.2 5.2 5.3 5.4 5.7

Tomato fruit 4.3 4.3 4.4 4.5 4.9 5.6

Appendix
Mi

Conductivity of culture media of extracts of onion 
pepper and tomato during growth of C. casiicola at

bulbs and fruits of 
30±2°C

Culture media 
of extracts

Conductivity
incubation

(uS/cm) after following days of

0 2 4 6 8 10

Onion bulb 2.4 2.4 2.0 1.3 1.1 1.4

Pepper fruit 2.5 2.5 2.4 2.4 2.3 2.5

Tomato fruit 5.5 5.6 5.2 4.7 4.8 4.9



347

A P P E N D I X  Ni (i)

A n a l y s i s  o f  v a r i a n c e  of d a t a  p r e s e n t e d  in T a b l e  63 s h o w i n g  th e 

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

o n  v e g e t a t i v e  g r o w t h  o f C .c a s  i i c o 1 a at 3 0 +  2°C u n d e r

d a y r .n i gh t  c o n d i t i o n  .

S o u r c e s  o f  S u m o f S o u r c e s d. f M e a n  v a r i a t i o n  F - r a t i o  Sig.

v a r i a t i o n 1 e v e  1

M A I N  E F F E C T S 7 1 8 1 7 2 . 2 7 10 7 1 8 1 7 . 2 3 3 0 . 0 9 2 0 . 0 0 0 0

E x t  r a c t s 2 4 9 6 5 4  .51 2 1 2 4 8 2 7 . 2 5 5 2 . 3 0 3 0 . 0 0 0 0

I n c u b a t  ion

t ime 4 6 8 4 2 9 . 5 5 4 117 107 .39 4 9 . 0 6 8 0 . 0 0 0 0

R e p  1 i c at es 88 .21 4 22 .05 0 . 0 0 9 0 . 9 9 9 8

R E S I D U A L 1 5 2 7 4 3 . 6 8 64 2 3 8 6 . 6 2 0 0

T O T A L ( C O R R . ) 8 7 0 9 1 5  . 95 74

A P P E N D I X  Ni (ii)

M u l t i p l e  r a n g e  a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f  t h e  e x t r a c t s  of 

o n i o n  b u l b , p e p p e r  a n d  t o m a t o  f r u i t s  o n v e g e t a t i v e  g r o w t h  of

C .c a s  i i c o 1 a at 30 + 2 C  u n d e r  d a y - n i g h t  c o n d i t i o n .

E x t r a c t C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

P e p p e r  f r u i t 25 7 0 . 3 2 0 0 A

T o m a t o  f r u i t 25 1 8 3 . 2 0 0 0 B

O n i o n  b u l b 25 2 0 0 . 4 0 0 0 B

F i g u r e s  w i t h  th e s a m e  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t



34£

A p p e n d i x  0^

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  S w e e t  P o t a t o  D e x t r o s e  B r o t h  a t  d i f f e r e n t

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

Temperatures pH.af te r foilowing.days of Jincubation

°C . 0 2 4 6 8 10

10 5.9 6.5 6.9 6.5 6.1 6.1

23 5.9 6.7 7.3 7.3 6.9 7.0

27 5.9 6.7 7.4 7.3 7.0 7.0

30 5.9 6.8 7.4 7.2 6.9 7.0

35 5.9 6.5 6.8 6.3 5.7 6.0

Appendix
pi

Conductivity of 
during growth of

Sweet Potato Dextrose 

C . casiicola

Broth at different temperatures

Temperatures

Conductivity 

i ncubation

(uS/cm) after following days of

0 2 4 6 8 10

10 1.68 1.50 1.47 1.42 1.36 1.47

23 1.68 1.49 1.34 1.30 1.29 1.27

27 1.68 1.47 1.23 1.26 1.28 1.36

30 1.68 1.41 1.60 1.19 1.22 1.29

35 1.68 1.52 1.59 1.67 1.75 1.88
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A P P E N D I X  Qi ( i )

A n a l y s i s  o f  v a r i a n c e  s h o w i n g  t h e  e f f e c t  o f  d i f f e r e n t  

t e m p e r a t u r e s  o n  v e g e t a t i v e  g r o w t h  o f  C .c a s  i i c o 1 a at in S w e e t  

P o t a t o  d e x t r o s e  b r o t h  u n d e r  d a y - n i g h t  c o n d i t i o n  

( D a t a  p r o v i d e d  v a l u e s  in T a b l e  6S")

S o u r c e s  o f  S u m o f  S o u r c e s d . f M e a n  s q u a r e F - r a t  io Si g.

v a r  iat i o n 1 e v e  1

M A I N  E F F E C T S 2 1 1 1 2 2 . 6 7 10 2 1 1 1 2 . 2 6 7 9 . 4 7 6 . 0 0 0 0

T e m p e r a t u r e s 1 5 0 9 9 4 . 6 7 4 3 7 7 4 8 . 6 6 7 1 6 . 9 4 3 . 00 0 0

I n c u b a t  i on

t i me 5 8 8 6 1  .33 4 1 4 7 1 5  . 33 3 6. 6 05 . 0 0 0 2

R e p  1 i c a t  es 1 2 6 6 . 6 7 2 6 3 3  .333 . 2 8 4 . 7 5 3 5

R E S I D U A L 1 4 2 5 9 2 . 0 0 64 2 2 2 8 . 0 0 0

T O T A L ( C O R R . ) 3 5 3 7 1 4 . 6 7 74

M u l t i p l e  r a n g e  

t e m p e r a t u r e s  

P o t a t o  D e x t r o s e

A P P E N D I X  Qi ( ii) 

a n a l y s i s  s h o w i n g  t h e  e f f e c t  o f  d i f f e r e n t  

o n  v e g e t a t i v e  g r o w t h  o f C . c a s i i c o l a  in S w e e t  

u n d e r  d a y - n i g h t  c o n d i t i o n .

T e m p e r a t u r e s C o u n t A v e r a g e H o m o g e n e o u s

(°C) G r o u p s

10 15 9 0 . 0 0 0 0 0 A

35 15 1 58 . 0 0 0 0 0 B

27 15 1 9 0 . 6 6 6 6 7 B C

23 15 1 9 9 . 3 3 3 3 3 B C

30 15 2 1 7  . 3 3 3 3 3 D

F i g u r e s  w i t h  the s a m e  le tt e rs  are not s i g n i f i c a n t l y  d i f f e r e n t
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A P P E N D I X  Ri ( i )

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

m e d i a  at d i f f e r e n t  i n i t i a l  p H ’s o n  v e g e t a t i v e  g r o w t h  o f  

C. c a s  i i c o 1 a at 30± 2° C  u n d e r  n o r m a l  d a y - n i g h t  r e g i m e  

( D a t a  p r o v i d e d  v a l u e s  in T a b l e  66)

S o u r c e s  o f  S u m of  S o u r c e s d . f M e a n  s q u a r e F - r a t  io Si g.

v a r i  at i o n 1 e v e  1

M A I N  E F F E C T S 1077812.6 14 76986.61 85.981 . 0000
P H 443231.8 7 63318.82 70.716 . 0000
I n c u b a t  i on

t ime 633539 . 3 3 211179.78 235.852 . 0000

R e p l i c a t e s 1041 . 5 4 260.38 0-291 . 8838

R E S I D U A L 129831.78 145 895.39155

T O T A L ( C O R R . ) 1207644 . 4 155

A P P E N D I X  Ri ( i i )

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

o f  d i f f e r e n t  i n i t i a l  p H ’s o n  v e g e t a t i v e  g r o w t h  o f  C. c a s  i i c o 1 a 

at 30± 2° C  u n d e r  d a y - n i g h t  r e g i m e .

I n i t i a l  p H C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

2 . 6 1 20 1 3 4 . 7 5 0 0 0 A

8 . 80 20 2 0 0 . 5 0 0 0 0 B

3 . 09 20 2 0 2 . 2 5 0 0 0 B

7 . 87 20 2 28 . 1 5 0 0 0 B C

3 .77 20 2 5 5 . 9 0 0 0 0 C D

4 .57 20 2 8 5 . 4 0 0 0 0 D E

6 . 4 9 20 2 8 8 . 0 0 0 0 0 D E

5 . 67 20 2 9 8 . 5 5 0 0 0 E

F i g u r e s  w i t h  the s a m e  l e t t er s  a re not s i g n i f i c a n t l y  d i f f e r e n t
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Hydrogen ion concentration of culture media during growth of C. 

casiicola under different light conditions at 30±2°C

A p p e n d i x  S j

I. i g ht pH after followi ng . days of :Incubation

Conditions 0 2 4 6 8 10

Continuous Light 5.3 5.4 5.6 7.4 7.6 7.2

Continuous Dark 5.3 5.4 5.5 7.5 7.0 7.3

12 hours light/ 

12 hours dark
5.3 5.4 6.0 7.5 7.4 7.1

Appendix Tj

Conductivity of culture media during growth of C. casiicola under 
different light, conditions at 30±?°C

Conductivity (uS/cm) after following days of 

I ight incubation

Conditions ------------------------------------------------------------

0 2 4 6 8 10

Continuous Light 1-56 1.40 1.26 1.17 1.15 1.13

Continuous Dark 1.56 1.39 1.25 1.11 1.19 1.14

12 hours light/
1.56 1.37 1.26 1.13 1.12 1.10

12 hours dark
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A P P E N D I X  Ui ( i )

A n a l y s i s  o f  v a r i a n c e  s h o w i n g  t he  e f f e c t  o f  d i f f e r e n t  l ig h t  

c o n d t i o n s  o n  v e g e t a t i v e  g r o w t h  o f  C. c a s  i i c o 1 a in S w e e t  P o t a t o  

D e x t r o s e  at 3 0 +  2 °C

( D a t a p r o v i d e d v a l u e s  in T a b  1 e 68!

S o u r c e s  o f  S u m o f  S o u r c e s d . f M e a n  s q u a r e F - r a t  io Sig .

v a r i a t i o n 1 e v e  1

M A I N  E F F E C S 1 7 2 3 4 4 8 . 7 10 1 7 2 3 4 4 . 8 7 5 9 . 4 0 4 .  0 0 0 0

L i g h t  r e g i m e s 5 5 0 5 8 . 6 2 2 7 5 2 9 . 3 2 9 . 4 8 9 . 0 0 0 2

I n c u b a t  i on

t ime 1 6 5 2 3 4 8 . 2 4 4 1 3 0 8 7 . 0 5 1 4 2 . 3 8 4 . 0 0 0 0

R e p  1 i c at es 1 6 0 4 1 . 5 4 4 0 1 0 . 4 5 1 . 3 8 2 . 2 5 0 0

R E S I D U A L 1 8 5 6 7 8 . 6 1 64 2 9 0 1  . 2 2 8 3

T O T A L ( C O R R . ) 1 9 0 9 1 2 7 . 3 74

A P P E N D I X  Ui ( i i )

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

o f  d i f f e r e n t  l i g h t  c o n d i t i o n s  o n  v e g e t a t i v e  g r o w t h  of 

C. c a s  i i c o 1 a in S w e e t  P o t a t o  D e x t r o s e  b r o t h  at 30± 2°C

L i g h t  C o n d i t i o n s C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

C o n t i n u o u s  l i g h t 25 2 6 9 . 2 0 0 0 0 A

C o n t i n u o u s  d a r k n e s s 25 3 1 3  . 6 0 0 0 0 B

1 2 h r  l i g h t /

1 2 h r  d a r k 3 3 ^ 1 3 0 0 0 B

F i g u r e s  w i t h  the s am e  l ett e rs  are not s i g n i f i c a n t l y  d i f f e r e n t
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Appendix V|

Hydrogen ion concentration of culture media with different carbon 
compounds at 1% concentration during growth of C. casiicola at 30±2°C

Carbon pH after following days of incubation

Compound 0 4 6 8 10

Fructose 4.8 7.7 5.1 4.3 3.8

Galactose 4.9 4.6 4.4 6.2 6.7

Glucose 5.6 4.9 5.2 6.9 7.5

Lactose 5.2 8.7 8.6 8.3 8.3

Maitose 4.9 8.2 7.6 7.0 5.6

Mannose 5.0 4.1 4.1 4.0 4.4

Sucrose 5.2 5.7 5.7 5.7 5.6

None 5.3 8.7 8.7 8.5 8.5



35ft

Conductivity of culture media with different carbon compounds at 1% 
concentration during growth of C. casi icola at 30+2°C

Appendi x W(

Carborr
Compound

Conductivity
incubation

(uS/cm) after following days of

0 4 6 8 10

Fructose 1.1 1 .9 1 .4 1.2 1.1

Galactose 1,1 1 .1 1 .0 1.1 1 .3

G1ucose 1 .2 1 .2 1 .0 1.3 1 .7

Lactose 1 .1 2.3 2.1 2.0 2.0

Maitose 1 .1 2.4 1 .9 1.3 1 .0

Mannose 1 .1 1 .8 1 .7 1 .4 1 .5

Sucrose 1 .1 1 .0 1 .0 0.9 0.9

None 1 .1 2.4 2.2 2.0 2.0



A P P E N D I X  Xi ( i )
A n a l y s i s  o f v a r i a n c e  s h o w i n g  t h e  e f f e c t  o f b a s a l  m e d i u m  

c o n t a i n i n g  d i f f e r e n t  C a r b o n  c o m p o u n d s  at c o n c e n t r a t i o n  o f  1% 

( w / v )  o n  v e g e t a t i v e  g r o w t h  o f  C. c a s  i i c o 1 a at 30± 2°C 

u n d e r  n o r m a l  d a y / n i g h t  c o n d i t i o n

( D a t a  p r o v i d e  v a l u e s  in T a b l e  69)

S o u r c e s  o f  S u m o f  S o u r c e s d . f M e a n  s q u a r e F- rat io S i g .

v a r  i at ion 1 e v e  1

M A I N  E F F E C T S 7 0 3 8 9  . 2 5 0 14 5 0 2 7 . 8 0 4 36 . 7 8 4 . 00 0 0

C a r b o n  c o m p o u n d s 3 2 0 0 8 . 1 7 5 7 4 5 7 2 . 5 9 6 33 . 453 . 0 0 0 0

I n c u b a t  i on

t i me 3 8 3 4 6  . 6 75 3 1 2 7 8 2 . 2 2 5 93 .5 1 5  . 0 0 0 0

R e p  1 i c a t e s 3 4 . 4 0 0 4 8 . 6 0 0 0 6 3  . 9 9 2 6

R E S I D U A L 1 9 8 1 9 . 5 2 5 145 1 3 6 . 6 8 6 3 8

T O T A L ( C O R R . ) 9 0 2 0 8 . 7 7 5 159

A P P E N D I X  Xi ( i i )

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

c o n t a i n i n g  d i f f e r e n t  c a r b o n  c o m p o u n d s  at c o n c e n t r a t i o n s  of 

l % ( w / v )  o n  v e g e t a t i v e  g r o w t h  o f C. c a s  i i c o 1 a in S w e e t  P o t a t o  

D e x t r o s e  at 30± 2 o C  u n d e r  n o r m a l  d a y - n i g h t  c o n d i t i o n

C a r b o n  s o u r c e s C o u n t A v e r a g e H o m o g e n e o u s

G r o u p s

L a c t o s e 20 2 0 . 5 0 0 0 0 0 A

C o n t  r o 1 20 2 2 . 0 0 0 0 0 0 A B

S u c r o s e 20 31 . 1 0 0 0 0 0 A B C

M a n n o s e 20 3 5 . 5 0 0 0 0 0 B C D

F r u c t o s e 20 4 0 . 5 0 0 0 0 0 C D E

G l u c o s e 20 4 8 . 0 0 0 0 0 0 D E

Ma. 1 t o s e 20 51 . 5 0 0 0 0 0 E F

G a 1a c t o s e 20 64 . 6 0 0 0 0 0 F

F i g u r e s  w i t h  the s a me  l e t t e rs  a re  not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  Y.

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

G l u c o s e  d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 ± 2 ° C

G1ucose

Concentrations (%)

pH after following days of i ncubation

0 2 4 6 8 10

None 5.2 6.3 8.1 8.4 8.6 8.4

15 5.6 5.7 5.8 5.9 6.2 5.9

?0 5.8 5.9 4.9 5.0 5.2 5.2

30 5.5 5.6 5.8 5.7 5.8 5.9

Appendix 1j

Conductivity of culture media with different amounts of Glucose during 
growth of Corvnespora casiicola at 30±2°C

Conductivity (uS/cm) after following days of 

Glucose incubation

Concentration ------------------------------------------------------------
(%) 0 2 4 6 8 1.0

None 1-0 1.2 2.4 2.5 2.3 2.3

15 1.1 1.1 1.1 1.1 1.1 1.1

2 0 1 - 1 1 - 1 1 - 1  1 - 0  1 - 0  1 - 0

30 1-0 1.1 1.1 1.1 1.1 1.1
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A P P E N D I X  A 2 ( i )

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

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

o f  C. c a s  i i c o 1 a at 30 +2°C u n d e r  n o r m a l  d a y / n i g h t  c o n d i t i o n  

( D a t a  p r o v i d e d  v a l u e s  in- T a b l e  70)

S o u r c e s  of S u m  o f  S o u r c e s d . f M e a n  s q u a r e F - r a t  io Sig.

v a r i a t i o n 1 e v e  1

M A I N  E F F E C T S 1 8 5 4 3 1 . 8 1 1 1 1 6 8 5 7 . 4 3 8 4 0 . 4 2 2 .  0 0 0 0

G l u c o s e  c o n c . (%) 6 1 0 4 5 . 6 2 3 2 0 3 4 8 . 5 4 0 4 8 . 7 9 3 . 0 0 0 0

I n c u b a t  ion

t ime 1 2 4 2 6 6 . 9 6 4 3 1 0 6 6 . 7 4 0 7 4 . 4 9 4 . 0 0 0 0

R e p l i  c a t  es 1 1 9 . 2 3 4 2 9 . 8 0 9 0 . 0 7 1 . 9 9 0 5

R E S I D U A L 3 6 6 9 9 . 4 4 5 88 4 1 7  . 0 3 9 1 5

T O T A L ( C O R R . ) 2 2 2 1 3 1 . 2 6 99

A P P E N D I X  A 2 ( i i )

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

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

o f  C. c a s i i c o l a  at 30±2° C  u n d e r  n o r m a l  d a y - n i g h t  c o n d i t i o n

G l u c d s e  c o n c .  

( %)

C o u n t H o m o g e n e o u s

G r o u p s

0 . 0 25 2 9 . 5 0 0 0 0 0 A

I . 5 25 7 1 . 9 0 0 0 0 0 B

2 . 0 25 8 6 . 1 2 0 0 0 0 B C

3 . 0 25 9 3 . 2 0 0 0 0 0 C

F i g u r e s  w i t h  the s a m e  l e t te r s are not s i g n i f i c a n t l y  d i f f e r e n t



35#

Hydrogen ion co n ce n tra tio n  o f media w ith  d if fe r e n t  N itrogen compounds

Appendix

Hydrogen ion concentration of media with different Nitrogen o 

during growth of C. casiicola at 30±2°C

Nitrogen pH after following days of incubation

Compounds 0 2 4 6 8 10

None 5.6 5.4 5.3 5.5 5.6 6.1

Ammonium Chloride 5.4 5.6 2.9 2.6 2.5 2.4

Ammonium nitrate 5.0 4.7 4.3 3.6 3.1 2.8

Ammonium sulphate 4.4 3.6 3.0 2.8 2.8 2.6

D-L Asparagine 5.7 5.3 5.4 6.3 6.8 7.6

L-Aspartic Acid 3.1 3.0 3.0 3.0 3.1 3.1

Potassium nitrate 5.5 5.9 6.2 5.4 5.0 5.4

Sodium nitrate 5.4 5.5 5.9 5.8 5.9 6.3
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Appendix C 2

Conductivity of media with different Nitrogen Compounds during growth 

of C. casi icola at 30±2°C

Conductivity (uS/cm) after following days of 
Nitrogen incubation
Compounds -------------------------------------------------

0 2 4 6 8 10

None

Ammonium Chloride 

Ammonium nitrate 

Ammonium sulphate 

D-L Asparagine 

L-Aspartic Acid 

Potassium nitrate 

Sodium nitrate

1 .2 1 .2 1.2

9.6 9.6 9.7

14.9 14.2 14.3

8.3 8.0 8.1

1 .2 2.4 2.8

2.0 1 .9 1 .8

9.2 8.9 8.5

8.1 7.8 7.5

1 .2 1 .1 1 .0

9.9 10.4 10.2

13.6 13.2 14.4

8.2 8.3 8.3

2.1 1 .6 2.2

1 .8 1 .8 1 .7

8.4 8.4 CD CD

7.5 7.3 7.1
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APPENDIX D 2 (i)
Analysis of variance showing the effect of basal medium 

containing different Nitrogen compounds on vegetative growth 
of C. cas i i c o 1 a at 30± °C under normal day-night condition 

(Data provided values in Table 71)

Sources of Sum of Sources d.f Mean square F-rat io Sig.
variation 1 eve 1
MAIN EFFECTS 9 1 6 9 2 6 . 2 0 15 6 1 1 2 8 . 4 1 1 0 2 . 7 9 5 . 0 0 0 0
Nitrogen compounds 9 8 3 5 9 . 7 6 7 1 4 0 5 1  . 39 2 3 . 6 2 9 . 0 0 0 0
Incubat ion

t i me 8 1 7 8 9 3 . 6 7 5 4 2 0 4 4 7 3 . 3 2 3 4 3 . 8 4 7 . 0 0 0 0
Replicates 6 7 3 . 4 0 0 4 1 6 8 . 2 9 0 • 2 83 . 8 8 8 7
RESIDUAL 1 0 9 4 1 8 . 0 4 1 84 5 9 4 . 6 6 3 2 6
TOTAL(CORR.) 1 0 2 6 3 4 4  . 2 199

APPENDIX D 2 (i i )

Multiple range analysis showing the effect of basal medium 

containing different Nitrogen compounds on vegetative growth 

of C. casiicola at 30± 2° C under normal day-night condition

Nitrogen compounds Count Average Homogeneous

Groups

Ammoni um  Sulphate 25 95.52000 A

Ammonium Chloride 25 124.30000 B

Con t ro 1 25 140.40000 BC

Ammonium Nitrate 25 150.40000 BCD

L-Asparti c 25 151.20000 BCD

Sodium Nitrate 25 152.20000 CD

D-L Asparagine 25 163.52000 CD

Potassium Nitrate 25 169.40000 D

Figures with the same letters are not significantly different
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A p p e n d i x  E j

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  m e d i a  w i t h  d i f f e r e n t  a m o u n t s  o f  C a C l j ^ H j O

d u r i n g  g r o w t h  o f  C .  c a s : i c p . l a  a t  3 0 ± 2 " c

CaClj. 2H20

Concentration
(X10'6M)

pH after following days of incubation

0 2 4 6 8 10

0.0 4.9 6.4 6.7 6.5 6.3 5.0

14.0 5.0 6.3 6.7 6.6 6.7 5.1

29.0 4.9 6.5 6.8 6.5 6.5 5.3

75.0 5,0 6.2 6.9 6.8 6.7 5.8

Appendix

Conductivity of media with different amounts of CaClj^HjO during growth 

of C. casi icpj.a at 30±2°C

CaClj. 2H?0 
Concentration 

(xlO M )

Conductivity (uS\cm) after following days of 

i ncubation

0 2 4 6 8 10

0.0 1.1 1.4 1.2 1.1 1.1 1.1

14.0 1.0 1.0 1.1 0.9 1.0 1.0

29.0 1.1 1.1 1.1 1.0 1.0 1.0

75.0 1.1 1.1 1.1 1.0 1.0 1.0
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APPENDIX G 2 ( i )
Anal}rsis of variance showing the effect of basal medium 

containing different amounts of CaCl 2 .2 H 2 0  on vegetative 
growth of C. cas i i c o 1 a at 30± 2° C under normal day-night 
condition

(Data provided values in Table 72)

Sources of Sum of Sources d.f Mean square F-rat io Sig.
variation 1 eve 1
MAIN EFFECTS 528068.94 1 1 48006.27 68.800 . 0 0 0 0
C a C 12 .2 H 2 0 46107.32 3 15369. 1 1 22.026 . 0 0 0 0
Incubat ion

t i me 481285.06 4 120321 .26 172.438 .0000

Replicates 676.56 4 169 . 14 0-242 .9905

RESIDUAL 61403.420 8 8 697.76614

T O T A L ( C O R R .) 589472.36 99

APPENDIX G 2 (i i)

Multiple range analysis showing the effect of basal medium 

containing different amounts of C aCl 2 .2 H 2 0  on vegetative 

growth of C. casi icola at 30+ 2° C under day-night condition

C a C 12 .2 H 2 0 C o n e . Count Average Homogeneous

( x 10 6 M ) Groups

0  . 0 25 103.28000 A

75 . 0 25 103.60000 A

14 . 0 25 122.80000 A

29 . 0 25 156.00000 B

F i g u r e s  w i t h  the s am e  l e t t er s are not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  Hj

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  m e d i a  w i t h  d i f f e r e n t  c o n c e n t r a t i o n  o f  K C l
d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 ± 2 ° C

KCl

Concentrati on
(x i o ’3m )

pH after following days of i ncubati.on

0 2 4 6 8 10

0.0 4. 5 4.5 4.6 4.0 4.2 4.0

4.0 4.6 4.8 4.7 4.9 4.8 4.6

8 0 4.6 4.5 4.5 4.8 4.6 4.5

17.0 4.6 4.4 4.7 5.0 4.6 4.6

Appendix

Conductivity of media 
casiicola at 30±2°C

with different amounts of KCl during growth of C.

KCl
Concentration

Conductivi ty 
i ncubati on

(uS/cm) after following days of

( x 10’5M) 0 2 4 6 8 1.0

0.0 0.8 0.8 0.9 0.7 0.8 0.7

4.0 1.3 1.3 1.1 1-2 1.2 1.2

8. 0 1 .8 1. .7 1.7 1.6 1.7 1.6

12.0 2.3 2,1 2.2 2.1 2.1 2.2
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APPENDIX J2 (i)

Analysis of variance showing the effect of basal medium 

containing different amounts of KCl on vegetative growth of 

C. cas i i c o 1 a at 30± 2°C under normal day/night condition 

(Data provided values in Table 73)

Sources of Sum of Sources d.f Mean square F-ratio Sig.
variat ion 1 eve 1
MAIN EFFECTS 389259.27 1 1 35387.206 47.489 .0000
KCl 106530.75 3 35510.250 47.655 .0000
Incubat ion

t ime 282326.76 4 70581.690 94.720 .0000
Rep 1i cates 401 .76 4 100.440 0-135 .9691
RESIDUAL 65574.040 8 8 745 . 15955

T O T A L ( C O R R . ) 454833 . 31 99

APPENDIX J2 (i i )

Multiple range analysis showing the effect of basal medium 

containing different amounts of KCl on vegetative growth of 

C. casiicola at 30+ 2° C under day-night condition

KCl Cone. Coun t Average Homogeneous

( x 1 0  3 M ) Groups

0  . 0 25 50.12000 A

4 . 0 25 105.64000 B

1 2 . 0 25 123.56000 BC

8  . 0 25 135 .00000 C

F i g u r e s  w i t h  the s a me  le tt e rs  are not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  K ?

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  m e d i a  w i t h  d i f f e r e n t  a m o u n t s  o f  K-SO^

d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 ± 2 ° C .

K,SO(

Concentration 
(X10 M )

pH after following days of i ncubation

0 2 4 6 8 10

0.0 5.0 5.4 5.2 6.5 7.4 7.7

5.7 5.0 5.4 5.1 6.4 7.0 6.7

11.0 5.0 5.3 5.2 6.3 6.9 6.9

17.0 5.0 5.1 5.3 6.5 6.9 6.9

Appendix l 2

Conductivity of 
C. casiicola at.

media with different < 
30±2*C

amounts of K?S04 duri ng growth of

KrS0,
Concentration 
(xlO M )

Conductivity (uS/cm)) 
i ncubation

after following days of

0 2 4 6 8 10

0.0 1.2 1.2 1.2 1.3 1.5 1.7

5.7 1.3 1.4 1.3 1.2 1.2 1.2

11.0 1.4 1.4 1.3 1.6 1.3 1.4

17.0 1.5 1.5 1.5 1.5 1.4 1.4



APPENDIX M 2 (i)
Analysis of variance showing the effect of basal medium 

containing different amounts of K 2 S O 4  on vegetative growth of 
C . c a s i icola at 30± 2°C under normal dav-night condition 

(Data provided values in Table 74)

S o u r c e s  of S u m  o f  S o u r c e s d. f M e a n  s q u a r e F - r a t i o  Sig.

v a r i a t i on level

M A T N  E F F E C T S 7 8 2 4 3 3 . 1 4 1 1 7 1 1 3 0 . 2 9 6 3 . 1 0 6  . 0 0 0 0

K 2 S04 3 6 6 6 3 . 1 2 3 1 2 2 2 1 . 0 4 1 0 . 8 4 2  . 0 0 0 0

T n c u b a t  ion

t i me 7 4 4 7 8 5 . 7 6 4 1 8 6 1 9 6 . 4 4 1 6 5 . 1 9 2  . 0 0 0 0

R e p 1 i c a t e s 0 8 4 . 2 6 4 2 4 6 . 0 7 0 . 2 1 8  . 9 2 7 6

R E S T  DUAL 0 9 1 8 9 . 4  20 88 1 127. 1 5 2 5

T O T  AT, ( C O R R  . ) 8 8 1 6 2 2 . 5 6 99

APPENDIX M 2 (i i )

Multiple range analysis showing the effect of basal medium 

containing different amounts of K 2 S O 4  on vegetative growth of 

C. cas i i c o 1 a at 30± 2° C under dav-night condition

K 2 S O 4  Cone. Coiint Average Homogeneous

(x 10 3 M ) Groups
0.0 25 122.80000 A

17.0 25 158.00000 B

11.0 25 167.56000 B
5 . 7  25 171.40000 B

F i g u r e s  w i t h  the s a me  l ett e rs  a re  not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  N»

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  m e d i a  w i t h  d i f f e r e n t  a m o u n t s  o f  l i g C l *

d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 ± 2 ° C

MgCl?

Concentration
CxlO'.M)

pH after following days of incubation

0 2 4 . 6 8 10

0.0 5.0 5.5 5.3 4.9 3.3 3.8

5,0 4.9 4.9 5.6 5.1 3.6 3.6

10.0 4.7 4.7 4.9 5.0 3.7 3.9

15.0 4.6 5.4 4.8 5.1 3.4 4.0

Appendix 02

Conductivity of 
C. casiicola at

media with different 
30£2cC

amounts of MgCl2 during growth of

MgCl2
Concentration 
(xlO M)

Conductivity 
i ncubation

(uS/cm) after following days of

0 2 4 6 8 10

0.0 1.0 1.1 1.1 0.9 1.2 1.1

5.0 1.1 1.1 1.1 1.0 1.1 1.1

10.0 1.2 1.1 1.1 1.1 1.2 1.2

15.0 1.2 1.3 1.2 1.2 1.3 1.3
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APPENDIX P2 (i )
Analysis of variance showing the effect of basal medium 

containing different amounts of MgCl 2 on vegetative growth of 
C. _c_as.i icola at 30+ 2° C under day-night condition 

(Data provided values in Table 75)

Sources of Sum of Sources d.f Mean square F-rat io Sig.
var iat ion 1 eve 1
MAIN EFFECTS 691151.86 1 1 62831.99 162.335 .0000
MgC 1 2 63203.68 3 2106.89 5.443 .0018
Incubation

t i me 683910.76 4 170977.74 441.744 .0000
Rep 1i cates 920.24 4 230.06 £.594 .667b
RESIDUAL 34060.580 88 387.05205
T O T A L ( C O R R . ) 725212.44 99

APPENDIX P2 (ii)

Multiple range analysis showing the effect of basal medium 

containing different amounts of Mg Cl 2 on vegetative growth of 

C.. casiicola at 30± 2° C under day-night condition

M g C. 1 2 Cone. Count Average Homogeneous

( x 10 4 M ) Groups

o o 25 150 . 68000 A

15.0 25 155 . 52000 AB

5 . 0 25 165.72000 AB

10 . 0 25 170 .72000 B

F i g u r e s  w i t h  the s a me  l et t er s  a re not s i g n i f i c a n t l y  d i f f e r e n t
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A p p e n d i x  Q,

H y d r o g e n  i o n  c o n c e n t r a t i o n  o f  m e d i a  w i t h  d i f f e r e n t  a m o u n t s  o f

N a H ^ P O ^ H j O  d u r i n g  g r o w t h  o f  C .  c a s i i c o l a  a t  3 0 ± 2 ° C

NaH2P0r 2H-0

Concentration 
(X10 M)

PH after following days of incubation

0 2 4 6 8 10

0.0 4.3 5.6 5.8 6.5 5.8 6.2

22.0 4.3 5.3 4.7 4.9 4.8 4.5

45.0 4.2 4.7 3.9 4.0 4.2 4.1

65.0 4.1 5.0 4.2 5.3 4.4 4.4

Appendix R,

Conductivity 
growth of C.

of media with different 
casiicola at 30±2°C

amounts of NaHjPO^.2H20 during

NaH2P04.2HjO 
Concentration 

(xlO M )

Conductivity (uS/cm) 
i ncubation

after followi ng days of

0 2 4 6 8 10

0.0 0.3 0.4 0.4 0.4 0.4 0.4

22.0 0.5 0.5 0.5 0.4 0.5 0.4

45.0 0.6 0.7 0.6 0.6 0.6 0.6

65.0 0.8 0.8 0.8 0.8 0.7 0.8
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APPENDIX S 2 ( i )
Analysis of variance showing the effect of basal medium 

containing different amounts of Na H 2 P04 . 2H2 0 on vegetative 
growth of C. cas i i c o 1 a at 30± 2°C under normal day-night 
condi-1 ion

(Data provided values in Table 76)

Sources of Sum of Sources d.f Mean square F-rat io S i g .
var i at ion 1 eve 1
MAIN EFFECTS 82419.00 11 7492.636 29.446 .0000
Na H 2 P04 .2H20 4307.00 3 1435.667 5.642 .0014
T ncubat ion

t ime 77546.00 4 19386.500 76.188 .0000
Repl icates 566.00 4 14 1.500 0-556 .6951
REST DUAL 22392.00 88 254.45455

T O T A L ( C O R R . ) 104811.00 99

APPENDIX S 2 (ii)

Multiple range analysis showing the effect of basal medium 

containing different amounts of NaH2P04.2H20 on vegetative 

growth of C. casiicola at 30± 2° C under day-night condition

N a H 2PO 4 .2 H 2 O C o n c . Count Average Homogeneous

( x 1 04 M ) Groups

0.0 25 52.800000 A

45 . 0 25 62.800000 AB

22 . 0 25 68 . 000000 B

65 . 0 25 69.6000000 B

F i g u r e s  w i t h  the s am e  l et te r s a re n ot  s i g n i f i c a n t l y  d i f f e r e n t



*A!LE I: te jc r  j o i n i  species in t t io sp a e rss  o? the E ip e rite n ta l P io t, O n iversity  Fare acd P riv a te  F a n  trapped eontaiy  froa ja c a a r j , 
!989 to Bectiber 1990 oo PDA p la tes .

Kostbs/Species
\ freoaencr occarence I to  the nearest Thole iin b e r )o f  species a t the s ta tion?*  

A sp ertilln s  A sp e m ilo s  Asoergi 11ns A s c tn i l lo s  Cladosroria
flayns ociiracens n i t e r  te r re c s  herbama

1 2  3 1 2  3 1 2 3 1 2 3 1 2 3
C s m e s p c r a  
c a s s i c o la  
I  2 3

C q m ia r ia  
iuaata  
1 2 3

P asa rim  
■ o n s o o m  
1 2 3

Seiainthosporioa 
suecies 
I 2 3

Xeorospora
sitonhi

Ju u irr 0 0 0 0 0 0 0 0 0 0 0 0 0 96 97 87 • - 0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 1 0
Febmary 1 0 0 0 0 0 2 2 1 5 2 3 0 86 77 78 0 0 0 0 3 0 1 5 I 1 0 0 0 0 0 1 0
Karch 3 0 0 0 0 0 1 0 1 4 3 2 0 0 76 83 56 4 0 0 2 0 6 3 12 13 1 0 0 0 0 1 1 1
April 2 0 2 1 0 0 4 6 5 I 1 1 0 0 65 66 69 1 0 2 7 !3 5 2 5 2 1 2 1 0 5 1 1 o
l i j 3 0 0 0 0 0 0 0 9 2 2 3 0 0 44 87 50 3 0 0 6 2 0 17 3 26 0 5 0 0 7 0 0 0
hit 6 0 0 0 ' 2 0 0 0 0 3 0 0 0 0 50 36 33 4 0 0 !4 15 6 14 9 30 0 19 0 17 11 3 0 0
July 0 0 0 2 0 0 s j f ’J1' 0 3 0 0 0 0 0 59 57 56 5 7 19 10 9 0 11 13 12 0 0 5 11 0 0 0 0
Asps'. 0 0 0 0 2 0 1 0 25 33 5 0 2 0 45 35 46 0 0 10 5 0 0 7 5 19 0 0 5 0 0 0 0 0
Sspteaber 0 0 0 5 2 6 0 0 62 76 6 5 / 2 0 0 21 23 6 0 - 0 -  0 4 0 0 3 3 4 0 0 0 0 0 0 0 0
October 0 0 0 5 1 6 •o 6 6 0 ■i 2 0 0 46 34 36 4 3 0 11 8 12 6 5 16 10 6 0 4 6 0 1 o
Soieiber 0 0 5 1 0 5 1 12 12 0 14 0 0 0 60 45 38 0 0 C 3 13 3 18 26 14 0 0 0 1 2 7 I 0
Otctiber 0 2 5 0 0 5 0 0 1 19 14 0 0 0 63 47 38 0 0 0 3 10 6 20 4 15 ■ 1 2 0 2 0 0 2 58
janoary 0 0 0 I 0 0 0 0 0 2 2 0 0 0 38 74 38 0 0 0 0 0 0 3 10 1 0 0 1 0 0 0 14 0
February 3 0 0 2 0 0 0 0 1 0 0 0 6 0 62 81 38 2 0 3 0 0 1 10 10 5 0 0 0 0 0 18 2 0
Kirch 4 i 0 1 ! 0 0 0 1 1 0 0 0 0 44 40 49 0 0 10 2 3 4 19 19 • 4 0 4 3 1 0 0 0 9
April 0 0 0 0 0 0 0 0 1 0 3 0 0 0 7! 80 83 0 0 0 1 10 4 26 15 5 0 0 0 0 0 0 1 0
tij 1 15 9 0 0 0 0 0 2 I 0 0 0 0 37 22 60 3 7 4 4 2 8 34 41 47 0 0 0 0 0 0 0 0
Jus 0 0 0 0 0 0 0 0 8 0 0 0 0 0 38 57 66 3 3 0 5 0 3 11 21 17 7 0 3 0 0 0 0 0
klj 3 !9 22 0 0 0 0 0 0 2 3 0 0 0 53 14 73 0 0 0 7 0 3 8 2 14 6 0 3 0 2 0 1 0
lips1. 3 0 0 !5 0 0 1 0 1 i 1 0 0 0 53 55 39 3 0 0 0 o • 0 17 30 12 0 0 G 6 0 0 1
Stjtenber 2 0 0 0 1 0 0 0 2 2 2 0 0 0 82 24 79 1 6 0 0 0 3 8 38 14 0 0 0 0 0 ) 8
October 3 0 0 0 3 0 0 0 2 3 2 0 0 0 46 2‘ 50 3 3 0 8 0 0 26 35 14 0 0 0 0 0 ! 15
Horeober 0 0 0 1 0 0 0 0 5 0 2 0 0 0 55 49 40 5 1 0 5 3 0 15 35 20 0 0 4 0 0 0 0
Dtcjtber 0 < 3 2 0 0 0 0 0 0 1 0 0 0 42 54 ‘ 9 0 0 0 12 12 3 40 25 24 0 0 0 3 0 2 3

h'jgrcspora 
soecies ^  
l '  2 3
D G 0
1 4 2 
3 0 7
2 ! 2 
9 5 4 

12 0 0
3 7
0 0 0
0 0 1

10 7 12
0 3 5
2 
0
2  11
1 0
0 I!
2 3

!0 3

0 0 
0 0 
0 0 
0 0 

0 
0 
0
0
0
0
0
0

0 3 
2 0

0 0 
0 !9 
3 0 
0 C 
2 0

Riiiiooos 
species 
1 2 3

Xtcelia 
S te r i l ia  
1 2 3

1 1 
0 1 0 

8 0
0 0 0 
o o i
0 o 1 
0 0 0 
0 0 0 
0 0 0
1 0 1
1 1 o 
0 0 0
2 1 1

0 0 3
0 0 2
1 0 10
1 0 0
0 0 0
0 0 0

0

T rich o d em  
t i r id e  
1 2 3
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0

0 0 0
0 11 6
0 1 3
0 1 0
4 5 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0

9 0 
0 0 
5 0 
0 3 
0 0 
0 0 
0 0 
0 0

0 0 0 
0 0 0

0 0 
6  0 
0 0 
0 1 
0 0

20 16 
0 0

1. E le m e n ta l  Plot
2 . fc m e rs i t?  Fare
3. P rivate  F an
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TABLE 12a: Fungai species on surface of fruits of pepper plants growing in the dry season (Noveaber 1988- Februrary 19891
at three different localities at Legon and Madina

Plot/Far; Date

fruit (1 9 8 9)

Percentage Frequency

Aspergi i'.'js 

flavus

Asoerzillus

niger

Aspergillus
terreus

rUJosporiua

hsrbarua

Curvularia

lunata o n s p o r u s
Myceiia
steriiia

yjgrosoora

o m a s
Rhizooas
species

Yeast
spp.

Experiieatal
Plot

Epicarp Jan. 3 
Surface J an , 18

Calyx Jan. 3 
Jan.18 
Feb. 6

University

Fara

Epicarp
Surface

Calyx

Jan. 3 
Jan. 18

Jan. 3 
J a n . 18 
Feb. 6

Private

Faro

Epicarp
Surface

Calyx

Jan. 3 
Jan. 18 
Feb. 6

Jan. 3 
J a n . 18 
Feb. 6



0
40
15
0

0

11
0

17
58
24

0
3
8
0
0

0
0

49
0

28

0
0
0

0
0

0

0

0
0

96

Fungai species on surface of fruits of pepper plants growing in the rainy season (Jane - Septesaber, 1989) at three
different iocaiities at Legon and Madina

Part Date of    Percentage Frequency_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
of Assessaent Aspergillus Aspergillus Aspergillus cladosoorim C u m i l a r i a  -usariua Mycei ia H i e r o s w r a  Rhizopps

fruit ( 1 9 8 9 ) faivus niger terreus herbarua iunata oxvsporua sterilia orvzae species

Spicarp
Surface

Calyx

Jul. 5 
J ul . 14 
J u l . 27  
Aug. 14 
S e p t . 3

Jul. 5 
J u l . 14 
J ul . 27 
Aug. 14 
S e p t . 3

22
7

24

0
57
61

Epicarp
Surface

Calyi

Jul. 5 
J ul . 14 
J u l . 27  
A u g . 14 
Sept. 3

Jul. 5 
Jul. 14 
Jul . 27 
A u g . 14 
S e p t . 3

Spicarp
Surface

Jul. 5 
J ul . 14 
J u l . 27 
Aug. 14 
S e p t . 3

Calyx Jul. 5 
J u l . 14 
Jul . 2 7  
A u g . 14 
Se p t . 3
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TABLE 15a: Fungal species on surface of frnits of fosowoso variety of Toaato plants growing in the dry season (Hoveiber, 1988 - February, 1989) at three different localities at Legon and
Madina

Plot/Pari Part Date o f _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Percentage Frequency
of

frait
Assessaent
( 1 9 8 9)

Alternaria

alternata
Aspergillus

flavus
Aspergillus
niger

CladosooriuB

h e r b a n n
Corynespora
casiicola

Curvularia
lunata

Fusariua
oxysporus

Fusariua

species

Geotrichufl

species
Hucor
species

Rhitopus
species

Yeas

Eiperiiental Epicarp Jan. 3 0 0 0 19 0 0 11 8 4 0 0 45
Plot Surface J an . 18 0 0 0 37 0 0 34 5 14 0 5 0

Feb. 6 0 0 0 28 0 0 19 26 34 0 0 0

Calyx Jan. 3 0 0 0 54 0 0 46 0 0 0 0 0
Jan . 18 0 0 0 72 0 0 27 8 0 0 54 0
Feb. 6 0 0 0 0 0 0 46 0 0 0 0 . 0

University Bpicarp Jan. 3 0 0 8 0 0 0 0 0 31 0 29 31
F a n Surface J an . 18 0 0 13 8 0 0 28 0 23 0 14 7

Feb. 6 0 0 41 0 0 0 1 0 0 0 60 0

Calyx Jan. 3 0 0 0 72 0 0 28 0 0 0 0 0

Jan. 18 0 0 0 85 0 0 7 0 0 1 6 0

Feb. 6 0 0 0 71 0 0 22 0 0 0 2 0

Private Epicarp Jan. 3 0 0 0 32 0 0 4 6 0 £ 0 9 0

Pari Surface Jan . 18 0 0 19 18 0 3 28 6 12 0 14 0

Feb. 6 0 0 0 31 0 0 29 0 0 0 18 0

Calyi Jan. 3 0 0 5 34 0 0 15 0 0 0 9 0

J a n . 18 0 0 0 60 0 0 32 0 0 0 6 0

Feb. 6 0 0 0 58 0 0 29 0 0 0 13 0
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;j&E: 15b FungSi species on surface o; fruits of Wosowoso variety of cooatc plants growing in the cry season (Novecfaer, 1988 - February, 1989)
and in the rainy season (June - Septeaber, 1989) at three different iocaiities at Legon and Kaoina

Piot/Fan Part

of
fruit

Date of

Assessaecr
(1 9 8 9)

Alternaria
alternata

Aspergillus

fiavus

Asperziilus 

niger

Percentage freauency 

CiadosDoriui Corvnescora 
herbarur casiicoia

Curvularia

iunata

1989
Eiperiiectai Epicarp Jui 5 0 0 0 0 0 7
Plot Sarface Jui 14 0 2 1 0 1 0

Jui 27 1 0 4 43 1 3
Aug 14 0 3 3 35 0 0
Sept 3 0 0 0 6 2 12

Calyx Jui 5 0 6 0 0 0 0
Jui 14 0 0 0 7 9 0
Jui 27 0 0 0 22 0 0
Aug 14 0 0 0 31 0 0
Sept 3 0 0 L 34 0 0

ilniveristy Epicarp Jui 5 0 6 10 4 0 0
f an Surface Jui 14 9 2 8 0 0 0

Jui 27 6 18 12 0 0 0
A ug 14 0 0 10 21 5 2
Sept 3 0 0 0 0 0 0

Caiyi jui 5 0 0 0 38 0 0
JU: 14 0 0 0 4 6 0 0
Jui 27 0 4 3 37 0 0
Aug 14 0 0 0 3 9 0 0
Sep: 3 0 • 0 2 0 0 0

Private Epicarp Jui 5 0 0 5 5 6 0 0
Fart Surface Jui 14 L 0 34 9 4 0

jui 27 4 8 0 ' 25 0 0
Aug 14 0 0 0 18 0 0
Sept 3 4 0 20 16 2

Calyx Jui 5 0 0 L 0 -  0
0

0
Jul 14 0 0 0 3 6 0 5
Jui 27 0 3 0 38 0 0
Aug 14 0 0 0 31 0 1
Sept 3 0 0 6 34 0



P u s a r i m  Pusariug Geotriciiut Hucor Rhizopus Yeast
oiysporuE sp. spp. ' spp. sp. spp.

27 21 19 0 0 19
27 1 39 0 0 16
17 3 13 0 3 19
30 19 12 0 2 0
53 8 8 0 0 11

27 0 0 2 0 64
3 2 1 0 0 38 14
4 9 0 0 0 4 25
5 2 6 0 1 7 0
43 0 0 7 0 0

22 0 4 0 16 36
18 0 6 0 L 38

7 0 19 1 6 41
38 0 13 2 5 16
36 0 16 2 5 0

29 0 0 0 7 26
j j 0 0 0 9 12
36 0 0 8 4 17
31 0 0 0 0 35
54 0 0 • 5 10 30

27 5 0 0 0 9
34 0 11 0 5 0
5 6 0 0 0 10 0
41 8 23 0 8 0
45 1 0 0 8 0

34 0 0 0 0 62
32 0 G 0 0 32
42 0 0 0 12 0
30 0 0 0 5 34
3 ! 0 0 c 7 21



| j j ;  Pnfigal sp e c ie s  on ao rfa c e  o f f r u i t s  o f th re e  to u c o  v a r ie t ie s  j r o s ia g  in  the  d ry  season ()to»e»ber. 1988- Pebntary . 1 0 3
1989) a t th re e  d if f e r e n t  lo c a l i t i e s  a t th e  E ip e r i i e a ta l  P lo t a t Legon.

lou to
7ariety

Part
of
f r u i t

Oate of
A ss e sue n t
(19891

P ercen tage i r e w e n o
A sperg i1 Ins 
f l a w s

A sp erg illu s
n ig er

A sp erg i1 Ins 
te r re n s

C laaosponoo
nerbam n

C o rm p o ra
c a s i ic o la

C a m la ria
in n ita

Pusarina
oiysporoB

P m n o B
s p ec ies

GeotriciniB
s p ec ies

•Hycelia
s t e r i l i a

H ieroseora
o ry tae

P en ic illin *
CTClopjllB

P u lln la r ia
o u lU la n s

itiiuoons
spec ies

S c o m iian o o s is
b re v ic a u li s

fe a s t
spp .

Heim Bpicarp Jan . 3 0 0 0 57 0 0 14 7 0 C P 0 1 7 7 0
Surface J a n .18 0 0 0 53 0 0 16 17 0 0 0 0 7 6 6 0

Peb. 6 0 0 0 48 0 0 11 0 0 0 0 - J 0 9 0 25

Calyi Jan . 3 0 0 0 84 0 0 14 0 0 0 0 0 0 2 0 0
J a n .18 0 0 0 83 0 0 17 0 0 0 0 0 0 0 0 0
Peb. 6 0 0 0 0 0 0 36 0 0 0 0 58 0 7 0 0

Iota Epicarp Jan . 3 0 0 0 39 0 0 37 0 0 0 0 21 0 12 0
Surface J a n .18 0 0 0 23 D 0 36 0 0 0 0 20 10 10 0

Feb. 6 0 0 0 41 0 0 33 0 0 0 0 21 5 0 0

Calyi Jan . 3 0 0 0 10 0 0 90 0 0 0 0 0 0 0 0
J a n .18 0 0 0 48 0 0 50 0 0 0 0 0 0 0 0
Peb. 6 0 0 0 0 0 0 95 0 0 0 0 0 5 0 0

JOMWJO Epicarp Jan. 3 0 0 0 19 0 0 11 7 4 0 0 1 0 7 45
Surface Jan . 18 0 .  0 0 37 0 0 31 5 14 0 ■ 0 6 5 6 0

Peb. 6 0 0 9 28 0 0 19 22 24 0 0 7 0 0 0

Calyi Jan . 3 0 0 0 54 0 0 46 0 0 0 0 0 0 0 0
J a n .18 0 0 0 73 0 0 27 0 0 0 0 0 0 0 0
Peb. 6 0 0 0 0 0 0 46 0 0 G 0 o 54 0 0



m  lit: f i a p l  tfttitt n  m i  ice o f f r u i t s  o f th r w  to u t o  f a r i e t i e a  f r o f i a j  in th e  r a i i r  s u m  IJone -  S e p te tu tr  1989) 
lo ca l i t  i »  i t  the  K r p t r iK i la l  P lo t a t I q o u .

104

P lo t/U n  Part O n e  o f  P e r m u a te  I r e n t i e r
of A a i e i n u t  A s o e m l lo s  A a o c m l lu s  A ao em llB S  clad o ap o riu a  ^ r m ? r i r -  iY r T iU m  f g s a r m i  P m r i u a  O eo tr ic trc i K jc e lia  tt iiro ao o ri  P t tq ic ili im  P u llo U n a  jtbitom is ic o o B ia n o M ls  Teast
( n i l  (19891 f l a m s  a i m  l e r m i  l e r o r c a  a n  m u  j u n t a  r r r m r s n  u n t i e s  s u tc ie s  s t e r i l i a  o r r n e  tT d o n u a  w l l l l a a s  jp e t te s  a r e ' l c a i i l i s  s fp .

E oicarp 111. 5 0 0 0 21 0 0 11 9 16 4 I  0 < I 9 19
S lr f ic e  J u l . 14 21 II 9 2f 0 0 12 0 0 0 I) 1 0 1 0  0

J u l . 2 ) 1 10 H  IS 1 0  9 1 15 "  1 II 0 1 1 0  1
4UJ.14 1 12 1 1? 0 0 16 0 I I  1 0 1 1 19 0
S e p t .)  0 0 0 H  I 1 26 1 38 0 0 I 0 0 0 0

Calyi J u l .  5 0 0 0 6 ] 1 1 )1  1 1 0 0 0 (  0 0
J l l . H  1 0 1 6 ) 0 1 26 0 1 1 O i l  0 0  1

- J u l . 22 J 1 i  62 0 1 1! 1 1 1  0 '  1 1 I 0 0
Aue.K  0 S 0 51 0 1 26 0 1 1 2 1 0
S to t . J  0 1 0 SI 0 0 41 0 0 0 1 16 0 0  0 0

E p ia r p
Surface

CalTT

J u l . 5 
i n i .14 
Ju l.27  
Aug. I< 
S ep t. 3
J u l .  5 
J u l. M 
Ju l.2 7  
Aur.IA 
S eo t.3

Epicarp J u l .  5 
Surface J u l .K  

Ju l.2 7  
Aug.H 
S e p t.3

C ily i J u l . 5 6
J u l . H  0
Ju l.2 7  0
Auf.14 0
S e p t.3 0
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-ABLE 21: Phylloplane fungal species of the Local variety of Okra plants growing in the dry season (Nov., 1988 - Feb., 1989) at three different localities at Legon and Madina.

D a t e  of P e r c e n t a g e  F r t q r a c j

P l o t / F a r ® A s s e s s m e n t

( 1 9 8 9 ) A l t e r n a r i a  A s o e r e i l l a s  A s o e r g i l l u s  A s o e r g i l l u s  C l a d o s p o r i a m  C u r v u l a r i a Fnsaritim F u s a r i o n l e l » i n t h o s o o r i n » H j c e l i a fiierospora Ppn i i V i l l i u a  R h izoPUS
a l t e r n a t a  f ] av u s m g e r t e r r e u s h e r b a r u i I n n a t a o m t o r n i Bp. sp. s t e r i l i a o r n a e CVclODidffl sp.

Exoeriraental
Plot Jan., 10 0 0 0 0 2 9 14 21 0 0 3 6 0 0 0

" 2 4  0 0 0 0 7 3 7 17 0 0 2 7 0 0 0
F e b . , 7 0 0 56 0 2 3 4 8 0 0 12 1 0 0

n 21 0 0 4 0 4 8 0 0 0 0 10 0 0
2! 0 0 5 8 0 3 6 0 6 0 0 0 0 0 0

U n i v e r s i t y
Fa r m Jan., 10 0 0 0 0 3 ) 0 47 0 0 15 0 0 6 '

n 2 4 0 0 0 0 3 2 0 4 ! 0 0 20 0 0 0
F e b . , 7 0 0 16 5 3 7 7 28 5 0 - 0 0 0 0

21 5 4 16 0 3 7 5 17 5 0 ‘ 13 3 0 0
n 2 8  0 0 0 15 6 5 5 0 0 0 0 1 3 0 0

P r i v a t e

F a n j a g . , 10 0 13 0 0 0 7 5 0 0 r7 0 0 0 ll11 2 4  0 ' / 0 0 0 5 2) 8 10-' 2 8 2 0 9
? e b . , 7 0 4 - 0 0 21 D 4 ! 0 3' 20 0 4 0

" 21 0 a- 0 0 2 4 8 33 13 0 14 0 6 0
2 8 0 0 0 0 18 7 37 12 a 19 3 t 0
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TABLE 22: Phylloplane fungal species of the Local variety ot Okra plants growing in the rainy season (June - Sept., 19891 at three different localities at Legon and Kadina

P l o t / P a r ® D a t e  of P e r c e n t a g e  Frequency

A s s e s s m e n t  A l t e r n a r i a  A s o e r e i l i u s  A s o e m l l u s  A s o e n i l l u s  C i a d o s r o r i m  C u r v u l a r i a Fusariun F u s a r  i utp B e l m i n t h o s u o r i u m M y c e l i a K i e r o s o o r a F e n i c i l l i u m Rhiionus

( ' 9 8 9  ) a l t e r n a t a ( l a v a s n i g e r t e r r e u s tierbarui l u n a t a oxysooruin St. sp. s t e r i l i a o m a e c v c l o o i u a sp.

S z o e r i n e n t a i J u n e , 6 0 5 0 15 21 12 10 0 13 0 5 9 0

H o t J u ' 3 4 * 10 0 45 0 0 0 42 0 0 0 0 0 2

" 2 8 1) 0 19 0 19 0 35 0 0 0 0 0 10

A u g . 11 1) 0 1 0 9 6 23 0 4 2 8 6 11 0

" 2 5 0 0 10 0 20 0 35 0 6 0 0 4

u n i v e r s i t y J u n e ,  6 0 0 0 11 3 2 10 2? 0 6 12 2 0 0

f a n Jul3 14 0 0 0 11 4 5 0 24 3 0 12 0 0 0

' 2 8 5 2 7 0 4 6 0 14 0 0 5 0 11 5
A c e . 11 0 ( 14 7 4 5 7 14 1 7 0 1 0 0

’ 25 2 12 0 45 7 16 0 0 0 0 14 2

P r i v a t e J u n e ,  6 0 0 0 6 4 7 i 31 0 0 10 0 2 0
Farit Jvilj 1,4 5 0 5 0 33 6 25 0 8 14 0 3 0

" 28 0 1 8 8 35 3 16 4 0 11 6 0 1

Aue. 11 0 0 15 8 29 12 24 0 0 12 0 0 3
" 2 5 0 0 15 0 3 2 0 28 0 5 14 0 2 0
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TABLE 26: Phyllooiane fungal species of pepper plants growing in the dry season (Nov., 1988 - Feb., 1989) at three different localities at Legon and Kadina.

D a t e  of /'

P l o t / F a n  A s s e s s m e n t  P e r c e n t a g e  F r e q u e n c y

( 1 5 8 9 ) A l t e r n a r i a  A s p e r g i l l u s  A s p e r g i l l u s  A s p e r g i l l u s  A s p e r g i l l u s  C l a d o s p o r i u m  C o r v n e s p o r a  C u r v u l a r i a  F u s a r i u m  H y c e l i a  P e n i c i 1 1 iutn R h i z o p u s  S y n c e p h a l a s t r u m

a l t e r n a t a  f 1 a v u s  niger. o c h r a c e u s  t e r r e u s  h e r b a r u m  c a s i i c o l a  l u n a t a  o m p o r u m  s t e r i l i a  c y c l o p i u g  sp. r a c e m o s u a

E x p e r i m e n t a l

J a n . . :o 0 13 c 0 0 25 0 13 11 37 0 0 0
2t ( 0 0 0 11 10 t 1# 19 2 6 0 0 0

F e b . . ' 7 0 8 0 0 0 2 6 0 5 16 3 ! 0 0 0
21 0 « 0 0 0 21 0 17 10 6 2 0 0 0

11 2! 0 0 V 1) 0 2) 0 5 10 5 5 0 0 0

U n i v e r s i t y

F a r t  Jan., i o  0 6 0 0 0 33 0 U  51 0 0 0 0
" 21 0 0 0 0 0 3 8 0 13 (2 8 0 0 0

F e b . , , 7  0 4 0 0 0 3 2 5 0 b 10 8 3
" 21 2 b 0 0 0 37 0 ( 3 ! 7 13 0 011 2 8 ■! 0 18 0 0 ( 7 5 9 10 0 0 0

P r i v a t e

Jan.. ■10 17 7 0 0 8 2i 0 8 17 17 0 2 0
" 21 0 11 ■ 6 0 0 33 0 9 19 23 0 0 D

F e b . , ' 7 0 21 10 0 6 28 0 0 2 6 0 8 0 1
" 21 6 18 0 0 0 21 0 I 3 8 11 1 3 00 2 8 5 0 I 0 0 22 0 0 1 6 20 0 0 0
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TABLE 27: Phylloplane fungal species of pepper plants growing in the rainy season (June - Sept., 1989) at three different localities at Legon and Madina.

D a t e  of 
P l o t / F a r m  A s s e s s m e n t P e r c e n t a g e  F r e q u e n c y

( 1 9 8 9 ) M t e r n a r U  A s o e r e i l l u s  A s o e r z i i i u s  A s o e m l i u s  A s o e r e i H u s  
a l t e r n a t a  f l a v u s  n i c e r  o c h r a c e u s  t e r r e u s

ClariosDnriuB C o r v n e s o o r a  C u r v u i a r i a  

iierbarup ca s i i c o l a  i u n a i a

P u s a r i m

o x v s o o r u *
N v c e l i a
s t e r i l i a

P e n i c i l l i u m  
m l o u i u i

R h i  zodus 
sp.

S v n ceohalastruii

racemosuffi

J u s ? ,  . k 0 0 0 13 0 0 0 0 5 8 0 2 3 15 0

J u l y . 1 4 0 3 22 13 0 16 0 0 2 7 11 0 0 0

2 8 0 0 25 0 0 13 9 0 4 0 12 0 0 0

A u g . ii 0 0 35 1) 19 10 6 0 0 23 0 0 0

2 5 0 0 2 4 0 0 25 0 0 13 29 8 8 4

J u n e , fc 0 0 0 0 0 43 3 6 3 7 14 0 0 0

J u l y , i + 0 J O 7 2 7 35 1) 5 3 2 5 7 0 0
" 2 8 0 0 ! 0 5 25 6 8 2 4 ! 0 18 3

A u g . II 1! 2 5 1 0 41 1 0 34 0 0 14 1

2 5 1 0 2 9 0 3 42 0 0 0 0 2 3 0 0

J une, k 1) § 14 0 0 37 1 11 12 14 8 3 0
J u l y , 1 4 0 7 5 0 7 31 1 5 12 19 2 1 1
" 2 8 5 11 4 k 0 33 0 1 15 19 1 0 0

A u g . II 0 1 4 0 0 0 31 2 6 18 2 8  - 1 0 0
11 25 0 0 21 ,0 2 5 41 0 4 0 0 0 4 4

E x p e r i m e n t a l  

P l o t

U n i v e r s i t y
F a r m

P r i v a t e
F a r m
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TABLE 29: Phylloplane fungal species of Wosowoso variety of Tomato plants growing in the dry season (Bov., 1988 - Feb.. 1989) at three different localities at Legon and Hadina.

D a t e  of
P l o t / F a r m  A s s e s s m e n t  P e r c e n t a g e  F r e q u e n c y

[ 1 9 8 9 ! A l t e r n a r i a  A s p e r g i l l u s  A s p e r g i l l u s  A s p e r g i l l u s  G l a d o s p o r i u t n  Corv n e s p o r a  G u r v u l a r i a  F u s a r i u m  Fusariutn H y c e i i a  H i g r o s p o r a P e n i c i l l i u B  R h i z o p u s  S y n c e p h a l a s t  r u m

a 1 t e r n a t a  f l a v u s  n i e e r  o c h r a c e u s  h e r b a r u m  casiicoia l u n a t a  o x y s p o r u m  s p . s t e r i i i a  o r y z a e  c y c i o p i u m  s7! racetupsum

E x p e r i m e n t a l
Jan., ID 4 O' & 0 3 0 7 . 0 0 22 3 5 0 0 0 4

" u 2 0 0 0 5 6 0 5 to 0 0 24 0
F e b . , 1 7 I) t 1) 2 9 O' 10 0 11 (0 0 0 0 0

" 21 4 0 0 0 3 6 0. 0 8 0 3 0 0 10 0 0
" 2 8 0 9 i 0 4 9 0. 0 2 5 0 20 0 6 0 0

u n i v e r s i t y
■ant Jap.., 1 0 0 0 5 8 0 3 9 0 0 0 0 . 0 0 0 4 0

n 21 8 0 0 0 4 ? 0 4 16 0 12 0 0 2 5
F e b . . 1 5 0 0 0 7 1 ■ 0 1 0 3 14 0 0 L 0

" 21 0 0 0 0 7 8 0 3 16 2 0 0 0 0 0
" 2! 5 0 5 0 7 0 0 0 16 0 0 5 0 0 2

P r i v a t e

F a r m Jap... 1 0 3 0 21 0 16 0 0 29 0 27 0 0 0 0
* 2t I f e ;- 0 15 0 11 0 0 17 0 22 0 0 15 4

F e b . , 7 17 1 0 0 30 0 2 23 0 32 0 3 0 0
" )i 7 4 0 2 30 0 1 35 2 11 0 6 0 0

2 8 0 1 0 ' 3 0 3 2 0 0 3 8 0 12 0 0 4 0
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■ABLE 3 0 : P h y l l o p l a n e  f u n g a l  s p e c i e s  of W o s o w o s o  v a r i e t y  of T o m a t o  p l a n t s  g r o w i n g  in the rainy s e a s o n  ( Ju S e p t . ,  1 9 8 9 ) at t h r e e  d i f f e r e n t  l o c a l i t i e s  at L e g o n  a n d  K a d i n a .

D a t e  of 

Plot/Parle A s s e s s m e n t P e r c e n t a F r e q u e n c y

( 1 9 8 9 ) A l t e r n a r i a  A s o e r e i l l u s  A s n e r e i l l u s  A s o e r e i 1 lus C l a d o s o o r i u m Corvneoora C i r v u l a F u s a r i u m P u s a r i u n H y c e l i a {{ierosDora P e n i c i i l i n B  Rtiiiorms S v n c e u n a l a s t r u m

a l t e r n a t a f i a v n s n i t e r c a s i i c o l a h e r b a r u E casiicola luna t a o x v s o o r u e sp. s t e r i i i a o r v z a e c v c I o o Lu e  so. r a c e m e s u a

E x o e r i m e n t a ;
Plot J u n e , 0 9 13 9 3 9 0 0 !8 6 7 0 8 3 0

July, 11 S 0 11 31 6 0 16 6 0 0 4 0 0
" 2# 0 II 5 ) 0 0 2 6 2 3 5 0 0 3 0 0

Aug, II 4 6 3 6 0 3 8 1 11 0 0 0 7 0 0 0

n 2 5 0 1 3 . 20 0 4 7 0 0 2 4 1 h 0 0 0 5

U n i v e r s i t y

F a r m June, t 0 ? 25 5 2 4 0 0 0 7 9 0 8 8 0

J u l y . • 4 0 6 0 8 2 6 5 13 29 2 0 0 11 0 0

" 2 8 4 8 0 0 3 7 0 2 3 45 9 5 5 0 0 4
Ant. II 5 0 29 0 21 0 5 0 0 0 2 7 3 0

2 5 8 I! H 2 3 4 2 0 4 2 5 0 0 0 0 3

P r i v a t e
P a r s June. (, 0 0 21 4 2 7 0 5 27 0 5 0 5 r 0

July, I4 0 0 21 0 2 9 0 8 3 2 0 6 0 o 3 2

2 8 5 1 13 1 2 6 1 9 22 2 !0 0 5 0

A u e . II 1 0 1? 4 - 25 0 2 2 8 3 14 4 5 1 0

2 5 C 0 2 6 0 4 0 0 0 22 0 11 1 0 D 0
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% Frequency occurrence (to the nearest whole number) of species at the three stations

Aspergillus Aspergillus agpergillus Aspergillus Fusarium Paecilomvces Penicillium Rhizopus Syncephalastrum Trichoderma

flavu3 niger nrhraceus terreus oxysporum sp. cvclopium sp. racemosum viride

Table 34: Major fungal species isolated, from November, 1988 to August, 1989, from the rhizospheres of okra plants grown at three different locations and from the
corresponding non-rhizosphere soils.

RHIZOSPHERE SOIL 

1988

November 0 0 0 0 10 8 0 0 0 20 26 18 24 31 28 0 0 0 42 28 38 0 0 0 0 0 0 12 4 5

December

1989

11 11 0 0 20 12 10 5 28 23 10 0 16 10 34 0 14 4 26 16 11 0 0 0 0 0 0 7 12 5

January 5 0 0 35 0 0 0 8 9 0 26 17 0 8 26 0 29 5 54 26 38 0 0 0 0 0 0 1 0 0

February 0 0 0 16 54 39 0 11 7 40 0 16 6 5 0 13 5 0 21 21 31 1 1 0 0 0 0 0 0 0

March 21 9 0 17 31 2 0 9 0 41 9 0 6 7 22 0 0 0 14 29 0 1 5 8 0 0 0 0 0 68

April 11 4 3 28 41 0 0 5 0 31 12 36 7 11 23 3 7 18 11 6 4 3 6 1 4 3 0 2 3 11

May 1 0 5 36 27 10 0 0 0 5 22 14 6 8 0 5 12 0 27 11 9 6 12 3 10 4 1 4 0 53

June 6 6 8 51 31 60 0 0 2 0 20 8 0 4 5 0 14 0 1 3 3 19 10 2 23 4 1 0 4 8

July 9 24 6 6S 33 34 0 0 0 4 11 12 3 0 0 0 0 0 2 2 4 7 12 2 6 7 19 3 9 20

August 12 16 4 67 29 33 0 0 2 3 19 37 1 2 6 0 0 0 1 7 15 4 9 0 11 9 0 0 5 1

NON-RHIZOSPHERE SOIL

1988

November 2 6 1 11 12 23 20 19 16 31 17 13 15 12 15 5 8 12 8 10 6 1 1 0 0 0 2 4 11 6
December 1 0 0 8 5 21 22 25 5 35 14 11 17 16 26 0 0 0 0 7 0 0 0 0 0 0 0 6 25 3

1989

January 0 0 0 13 14 12 20 40 10 63 0 16 2 4 0 0 30 47 0 7 0 0 0 0 0 0 0 2 0 0

February 0 0 23 28 25 29 16 18 ‘-L7 V 10 15 0 6 0 0 11 10 4 15 17 20 0 0 0 0 0 0 6 2 0

March 6 65 0 35 7 12 12 3 0 0 0 13 4 3 10 0 0 0 30 18 0 0 3 10 0 0 0 9 0 52

April 0 0 5 25 13 18 15 25 20 0 0 5 3 14 11 0 0 1 5 0 11 4 17 8 3 6 1 42 22 16
May 8 0 0 31 27 46 11 0 0 11 2 S. 4 0 2 0 0 0 18 4 24 3 67 10 4 0 2 4 0 6
June 0 4 24 0 16 38 0 ■ Oi 0 40 11 2 3 2 0 4 0 0 0 8 2 0 42 21 1 0 4 0 8 9
July 2 3 6 22 26 77 0 0 0 34 14 6 2 1 0 0 0 0 23 11 5 0 23 0 1 0 0 15 10 0
August 1 2 6 9 21 1 5 i 2 42 26 68 4 2 8 9 0 1 20 27 7 0 IS 0 0 0 0 11 0 6

1. Experimental plot 2. University Farm 3 . Private Farm



U 7

Table 35: Major fungal species isolated, from November, 1988 to August, 1989, from the rhizospheres of pepper plants grown at three different locations and
from the corresponding non-rhizosphere soils-

% Frequency occurrence (to the nearest whole number) of species at the three stations

Aspergillus Asperqilllus Aspergillm Aspergillus Aspergillus Fusarium Paecilomvces Penicillium Rhizopus Svncephalastrum Trichoderma 
flavus fumigatus niger ochraceus terreus oxysporum sp. cvclopium sp. racemosum viride

1 2 3  1 2 3  1 2 3  1 ? 3 1 2 3  1 2 3  1 2 3  1 2 3 1 2 3  1 2 3  1 2 3

RHIZOSPHERE

SOIL

1988

November 0 3 2 0 0 0 0 4 5 6 0 0 48 14 31 29 21 12 1 7 0 9 46 42 0 0 0 1 0 0 2 0 3December 0 0 0 0 0 0 0 1 3 3 0 0 53 8 36 41 31 7 0 4 0 0 49 51 0 0 0 0 0 0 3 0 0
1989

January 0 8 7 0 3 4 36 2 8 2 7 0 0 31 14 8 0 22 13 38 30 30 7 12 0 0 0 0 0 0 8 0 0
February 0 0 0 0 0 0 29 87 64 2 8 7 0 0 12 0 0 4 43 0 0 20 0 11 0 0 2 0 0 0 0 0 0
March 45 5 2 26 6 1 24 67 55 0 0 1 3 0 0 1 1 8 0 0 0 0 5 2 0 8 3 0 0 4 1 8 24
April 23 0 1 0 0 1 36 14 1 3 69 0 16 0 48 2 4 11 0 0 14 12 0 17 2 6 0 1 4 0 2 6 2
May 7 0 8 0 0 0 60 26 43 0 0 0 11 6 22 3 4 0 0 0 0 0 6 26 6 26 0 5 4 0 10 26 0
June 13 8 18 0 0 0 58 32 1 0 2 0 0 13 50 5 3 7 0 0 0 0 9 31 17 14 0 2 0 0 0 1 0
July 6 20 6 0 0 1 41 31 17 0 0 0 12 16 57 3 0 9 2 4 0 0 8 10 3 0 0 13 14 0 18 0 0
August 0 11 4 0 0 0 21 31 10 0 0 2 67 30 61 8 0 4 0 0 0 0 0 7 0 3 0 2 19 1 1 3 9

NON-RHIZOSPHERE

SOIL

1988

November 2 6 1 0 0 0 11 12 23 20 19 16 31 17 13 15 12 15 5 8 12 8 10 6 1 1 0 0 0 2 4 11 6
December

1989

1 0 0 2 1 0 8 5 21 22 25 5 35 14 11 17 16 26 0 0 0 0 7 0 0 0 0 0 0 0 6 25 3

January 0 0 0 0 0 8 13 14 12 20 40 10 63 0 16 2 4 0 0 30 47 0 7 0 0 0 0 0 0 0 2 0 0
February 0 0 23 0 0 0 28 25 29 16 18 7 10 IS 0 6 0 0 11 10 4 15 17 20 0 0 0 0 0 0 6 2 0
March 6 65 0 0 0 0 35 7 12 12 3 0 0 0 13 4 3 10 0 0 0 30 18 0 0 3 10 0 0 0 9 0 52
April 0 0 5 0 0 2 25 13 18 15 25 20 0 0 5 3 14 11 0 0 1 5 0 11 4 17 8 3 6 1 42 22 16
May 8 0 0 3 0 0 31 27 46 11 0 0 11 2 8 4 0 2 0 0 0 18 4 24 3 67 10 4 0 2 4 0 6
June 0 4 24 2 0 0 0 16 38 0 0 0 40 11 2 3 2 0 4 0 0 0 8 2 0 42 21 1 0 4 0 8 9
July 2 3 6 1 0 6 22 26 77 0 0 0 34 14 6 2 1 0 0 0 0 23 11 5 0 23 0 1 0 0 15 10 0
August 1 2 6 0 0 0 9 21 1 5 1 2 42 26 68 4 2 8 9 0 1 20 27 7 0 15 0 0 0 0 11 0 6

1. Experimental plot 2. University Farm 3. Private Farm
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Table 36: Major fungal species isolated, from November, 1988 to August, 1989, from the rhizospheres of tomato plants (Wosowoso variety) grown at

three different locations and from the corresponding non-rhizosphere soils.

1 F r e q u e n c y  o c c u r r e n c e  ( to t h e  n e a r e s t  w h o l e  n u m b e r )  of s p e c i e s  at t he t h r e e  s t a t i o n s

P.H I Z C S P H E 3 E

S O I L

A s p e r g i l l u s  A s p e r g i l l u s  A s p e r g i l l u s A s p e r g i l l u s  C h a e t o m i u m  C u r v u l a r i a  F u s a r i u m  P a e c i  l o m y c e s  F e n i c i l l i u m  R h i z o p u s  S v n c e p h a l a s t r u m  I n c h o d e m  
f l a v u s  n i g e r  q c h r a c e u s  terreus q l o b o s u m  l u n a t a  o x y s p o r u m  sp. c y c l o p i u m  sp. r a c e m o s u ii v i r i d e

' 1 2  3 1 1 1  i 2 3 1 2  3 1 2 3  1 2 3  1 2 3  1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

1 9 3 3
H c v e n b e r 0 0 2 26 2 3 3 1 1 2 7 1 4 26 0 21 1 0 2 0 11 0 16 12 11 1 7 2 1 11 17 11 0 0 2 0 0 0 5 3 2

Decsfaber

1 3 3 9

0 0 0 4 8 1 8 3 5 0 24 16 0 0 18 7 0 0 0 15 0 18 1 5  1 0 1 9 3 0 0 20 1 4 0 0 4 0 0 0 8 5 0

J a n u a r y 0 2 3 6 49 0 10 0 10 0 0 0 0 0 0 0 0 0 13 0 0 3 1 18 8 47 33 2 9 0 0 2 7 0 0 0 2 1 5  1

F e b r u a r y 0 9 0 7 . 26 8 3 0 20 0 19 8 6 5 2 0 0 4 2 2 0 1 9 i6 4 5 7 29 4 0 0 0 0 2 0 1 4 0

K a r c h 7 0 8 15 43 3 5 6 58 0 2 6 0 12 0 5 1 0 0 0 5 19 10 8 0 0 2 6 11 1 8 4 6 2 0 0 1 0 3

A p r i l 8 2 4 21 19 19 0 0 0 2 9 ' 0 36 0 0 0 0 0 0 9 6 9 0 1 0 1 6 7 2 2  5 0 1 0 3 0 2 0 8

K a y 9 7 3 69 56 5 1 0 0 7 0 0 0 0 0 1 4 0 0 0 4 0 0 0 4 27 1 0 13 0 0 0 4 0 7 4

J u n e 9 1 1 13 40 4 3 4 0 0 0 0 1 5 13 2 1 0 0 0 0 0 6 4 0 8 0 0 11 9 1 9  3 8 3 0 3 4 6 13

J u l y 6 34 6 4 9 22 4 1 0 0 0 11 7 1 0 0 0 0 0 0 1 0 0 0 0 0 12 2 1 3 6 0 6 4 37 7 2 6  2

A u g u s t 4 0  2 5 10 4 0 3 6 14 0 0 0 3 7 51 0 0 0 0 0 0 0 0 8 0 0 0 1 3 19 1 3 2 0 2 3 0 0 3 3

K0 S - S H I Z 0 S P H E 2 E

S O I L

1 9 3 8
N o v e m b e r 2 6 1 11 12 2 3 20 19 16 31 17 13 0 0 0 0 0 0 1 2  1 5 5 8 12 8 10 6 1 1 0 0 0 2 4 11 b
D e c e m b e r i 0 0 8 5 21 22 25 5 35 14 11 0 0 14 0 0 0 1 6 2 6 0 0 0 0 7 0 0 0 0 0 0 0 6 2 5

0

3
1 9 8 9

J a n u a r y 0 0 0 13 14 12 20 40 10 63 0 16 0 0 0 2 0 8 4 0 0 3 0 4 7 0 7 0 0 0 0 0 0 0 2 0
F e b r u a r y 0 0 2 3 28 2 5 2 9 16 18 7 10 15 0 0 0 7 0 5 0 0 0 11 10 4 1 5 1 7 20 0 0 0 0 0 0 6 2 0
M a r c h 6 6 5 0 3 5 7 12 12 3 0 0 0 13 0 0 0 0 0 6 3 10 0 0 0 30 18 0 0 3 10 0 0 0 9 0 5 2
A p r i l 0 0 5 2 5 13 19 1 5 2 5 20 0 0 5 0 0 0 0 0 0 1 4 11 0 0 1 5 0 11 4 1 7 8 3 6 1 42 22 16
H a y 8 0 0 31 27 46 11 0 0 11 2 8 0 0 2 1 0 0 0 2 0 0 0 1 8 4 24 3 6 7 10 4 0 2 4 0 6
J u n e 0 4 24 0 16 3 8 0 0 0 40 II I 0 0 (P 0 P D • i o 5 > x> iO O s 2 .0 4 3 . Zl 1 -O 4  0 a S>
J u l y 2 3 6 22 26 7 7 0 0 0 34 14 6 0 0 0 0 0 0 1 0 0 0 0 23 11 5 0 23 0 1 0 0 15 10 0
A u g u s t 1 2 6 9 21 1 5 1 2 42 26 68 0 0 0 0 0 0 2 8 9 0 1 20 2 7 7 0 15 0 0 0 0 11 0 6

E x p e r i m e n t a l  P l o t  2 . U n i v e r s i t y  F a r m  3 . Private Fa r m
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T a b l e  21: M a j o r  f u n g a l  s p e c i e s  i s o l a t e d ,  f r o m  N o v e m b e r , 1 S 8 8 to Augu s t ,  1 9 8 9 , i r o n  t h e  r h i z o s p h e r e s  of t h r e e  t o n a t o  v a r i e t i e s ,  Heinz-, E o m a  a n a  W o s o woso, g r o w n  a t  t h e  

E x p e r i m e n t a l  P l o t  a t  L e g o n  a n d  f r o m  t h e  n o n - r h i z o s p h e r e  soil.

£ F r e q u e n c y  occurrence ( to t h e  n e a r e s t  w h o l e  n u m b e r ) of s p e c i e s  at t h e  t h r e e  s t a t i o n s

A s p e r c i i l u s  A s o e r c i l l u s  A s p e r c i i l u s  A s p & r g - ' '  
f l a v u s  n i o e r  o c h r a c e u s  t e r r e n e  

1 2 3 1 2 3 1 2 3 1 2

in ft c h a e t o c i u n  C u r v u l a r i a  F u s a r i u m  P a e c i l o m v c e s  P e n i c i l l i u m  R h i z o p u s  S v n c e p h a l a s : r u E  T r i c h o c e r m a  
sp. i u n a t a  o x y s p o r u n  sd. cyclopiufii sp. raceiwsiia v i r i d e  

3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

R H I Z O S P H E R E
S O I L

1 9 8 8

Kcveruber 19 2 6  1 10 10 3 7 0 0 0 1 2  18 15 Cl 0 0 6 3 0 1 6  2 1 2  8 1 3 8 2 3 2 6 21 0 0 0 0 0 0 3 2

D e c e m b e r 21 3 5  0 1 3 U 4 3 0 1 0 6 7 0 3 0 20 9 4 2 0  2 0  0 1 8  2 0  1 3 1 9 0 20 0 0 0 0 0 0 0 7 5

1 9 3 S

J a n u a r y 2 5 2 4 0 3 3 3 2 49 0 2 0 0 23 0 CI 6 0 0 0 0 2 3 0 2 0 1 3 2 1 47 0 0 0 0 0 0 1 2

F e b r u a r y . 0 2 3  0 4 0 2 5 7 0 0 0 6 21 19 S 4 8 0 0 8 9 2 2 3 3 9 2 4 22 6 0 0 0 0 0 0 0 3 0

M a r c h 3 4 2 4 1 2 20 2 8 1 5 9 2 0 2 21 26 Cl 0 0 5 1 0 6 1 5 0 0 8 3 0 1 5 26 2 4 4 0 0 0 L 0

A p r i l 8 8 8 1 8 1 8 1 9 0 0 0 2 9  24 29 CI 0 0 0 0 0 9 9 9 0 0 0 1 8 1 8 20 5 5 5 10 10 10 2 2

M a y 1 7 8 9 , 6 2 8 3 7 5 1 0 1 1 1 6 £1 0 0 1 0 0 0 0 0 0 0 0 2 0 4 1 4 0 0 0 0 1 5 L
J u n e 1 2 5 1 7 59 4 0 0 0 0 0 1 15 CI 0 1 0 0 1 5 4 1 3 6 1 0 10 1 10 11 4 1 3 1 3 14 3 0 0

J u i y 3 0 6 58 2 5 4 9 0 0 0 3 20 11 £I 0 0 0 0 0 0 1 6 1 0 7 0 0 2 12 1 1  9 o 3 18 6 20

A u g u s i 21 1 6  4 0 5 4 4 0 0 0 ■0 2 10 3 CI 0 0 0 0 0 0 1 0 0 0 0 0 6 1 3 1 £ 2 4 8 2 10 0

NQ'i-RH i Z O S P H E R Z  

S O I L

1 5 3 3

R GV 6iBD cT 
D e c e m b e r

1 9 8 9
J a n u a r y

F e b r u a r y
M a r c h

A p r i i

K a y
J u n e
J u i y '

A u g u s t

2 8  
3 5  
2 5  
3 1  
0 

2 2  . 

9

12
15
11
0
0
5

42 
4

1 5
11

1 . H e i n z  v a r i e t y  2 . R o m a  v a r i e t y  3 . Wosowoso variety



Table 38 : Fungi isolated from Okra fruit chips and Pepper fruits after Air- and Solar-Drying for 9 days during rainy and dry seasons

134

Tine of 
Drying

Type of 
Drying

Fruit
Preparation

% Freguency occurrence (to the nearest whole number) of species

Aspergillus
flavus

Aspergi
niger

H u s  Aspergillus 
ochraceus

Aspergillus
terreus

Cladosporium
herbarum

Curvularia
lunata

Fusarium
oxvsporum

Heurospora
crassa

Penicillium
cyclopium

Rhizopus
sp.

Svncephalastrum
racemosum

Mycelia
sterilia

June 15- Air-Drying Okra washed 10 47 6 3 6 5 5
June 24,
1990 Okra unwashed 11 39 0 8 16 4 6 3 9 4 0 0

Pepper washed 10 21 0 0 14 5 8 6 18 14 3 1

Pepper unwashed 5 29 0 0 15 3 5 3 15 20 4 1

Solar-Drying Okra washed 5 60 0 17 0 0 0 0 17 0 0 0

Okra unwashed 8 48 0 3 17 7 6 0 11 0 0 0

Pepper washed 32 57 0 0 0 0 0 0 11 0 0 0

Pepper unwashed 26 54 0 0 0 0 0 0 20 0 0 0

llov. 26- Air-Drying Okra washed 14 38 0 0 10 8 13 0
Dec. 6,
1989 Okra unwashed 18 16 4 8 24 6 5 0 12 2 4 1

Pepper washed 20 33 0 0 21 0 0 0 16 9 2 0

Pepper unwashed 14 24 0 0 21 5 2 1 16 20 3 1

Solar-Drying Okra washed 0 100 0 0 0 0 0 0 0 0 0 0

Okra unwashed 14 37 0 8 10 6 14 0 12 0 0 0

Pepper washed 33 56 0 0 0 0 0 0 0 11 0 0

Pepper unwashed 22 59 0 0 0 0 0 0 9 9 0 0
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Table <5: Fungal flora at harvesting of onion bulbs of Red Creole and Teias Grano varieties groin in the dry season (lov. 1988 - Feb. 1989) in soils treated with sanure,
or tanure and Sulphate of Anonia.

$ Frequency o c c u r r e n c e  (to t h e  n e a r e s t  w h o l e  n u m b e r )  of s p e c i e s

O n i o n
V a r i e t y

S o i l
T r e a t m e n t

P a r t  of 
b u l b A l t e r n a r i a  A s o e r j i l l u s i s o e r o i l l u s  Asjeruilliis C l a d o s p o r i u m C u r v u l a r i a F u s a r i u n F u s a r i u n P e n i c i l l i u a P e n i c i l l i u i S h izoDus S r n c e o h a l a s t r u j T r i c h o d e t a a l e a s t

spp.a l t e r n a t a  c l a v a t u s f l a v u s  niier h e r b a r u a l u n a t a o x v s p o r u i sp. c h r v s o u e n u u C T C lo ti Ul spec i e s r a c e i o s u * v i r i d e

Bed C r e o l e M a n u r e  t S u l p h a t e 1 0 0 0 1 10 0 31 5 3 0 1 0 0 0 5
o f  a n o n i a 2 0 0 0 0 0 0 16 3 1 0 8 0 8 8 15

3 0 1) 0 0 0 0 3 < 26 0 3 0 0 0 0 18
c 0 0 0 0 0 0 50 0 0 50 0 0 0 0

M a n u r e 1 0 0 0 1 3 J 26 3 8 0 0 8 8 8 ?!

2 0 0 0 0 0 0 (6 8 8 0 0 0 8 4 6
1 0 0 0 0 0 0 51 18 0 10 0 0 0 21
c a o 0 0 0 0 25 50 0 25 0 0 0 0

T e x a s  G r a n o M a n u r e  f S u l p h a t e 1 0 0 f 2 0 0 52 3 3 0 < 0 0 0 1

o f  a m o m a 2 0 0 0 8 0 0 98 0 0 0 8 0 0 1
3 0 0 0 0 0 0 100 0 0 0 0 8 0 0
c 0 0 0  0 0 0 100 0 0 0 8 0 0 0

M a n u r e 1 0 0 0 0 3 0 2 7 (1 1 10 1 0 0 21
2 0 0 0 0 0 0 to 1 9 0 9 0 0 0 1 3
3 0 0 0 0 0 0 ( 9 15 0 2 5 8 0 0 11
c 0 0 0 0 0 10. 5 0 0 0 50 0 8 0 0

*1 . O u t e n o s t  s c a l e  l e a f ;  2 . 2 n d  s c a l e  l e a f  f r o m  t h e  o u t s i d e ;  3 . 3 r d  s c a l e  l e a f  f r o m  the outside; C: c e n t r a l  c o r e
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Table 46: Fungal flora at harvesting of onion bulbs of Red Creole and Texas Grano varieties grow in the rainy season (April, 1989 - Jane, 1989) in soils treated with
■annre, or sanure and Sulphate of Aiionia.

\ F r e q uency o c c u r r e n c e  ( to t h e  n e a r e s t  w h o l e  n u m b e r ) of s p e c i e s

O n i o n S o i l P a r t  of

V a r i e t y T r e a t a e n t b u l b A l t e r n a r i a A s o e r a i l l u s A s p e r g i l l u s A s o e r g i l l u s C l a d o s o o r i u m C u r v u l a r i a F u s a r i u m F u s a r i u m Pen i c i l l i u r a P e m c i l l i u m R h i z o D U s S v n c e o h a l a s t r u m T r i c h o d e r m a T e a s t
a l t e r n a t a c l a v a t u s f l a v u s n iaer h e r b a r u a l u n a t a o x v s p o r u m sp. c h r v s o a e n u m c v c l o p i u m s p e c i e s r a c e m o s u m v i r i d e spp.

R e d  C r e o l e M a n u r e  f S u l p h a t e 1 0 0 2 46 1 0 10 0 0 2 0 0 0 41
of a m m o n i a 2 0 0 0 98 1 0 0 0 0 1 0 0 0 0

3 0 0 0 9 7 1 0 0 0 2 0 0 0 0

c 0 0 0 13 0 0 17 0 0 6 1 9 0 0 0

M a n u r e 1 0 0 0 71 1 0 17 0 0 i 0 0 0 10

2 0 0 0 87 4 0 1 0 0 8 0 0 0 0

3 0 0 11 37 2 0 0 1 0 49 0 0 0 0

c 0 0 19 13 13 0 0 0 0 4 7 0 0 0 9

T e x a s  G r a n o M a n u r e  f S u l p h a t e  . 1 0 0 0 5 1 0 6 4 0 0 3 0 1 0 0 0
o\ 1 4 2 0 0 0 1 1 0 8 7 0 0 11 0 0 0 0

3 0 0 0 28 6 0 8 0 0 5 8 0 0 0 0

c 0 0 0 14 0 0 53 0 0 3 4 0 0 0 0

M a n u r e 1 0 0 3 19 10 0 42 0 0 1 3 1 0 0 0

2 0 0 0 13 4 0 4 0 0 68 0 0 0 0

3 0 0 0 12 6 0 0 0 0 8 2 0 0 0 0

c 0 0 0 39 3 0 0 0 0 5 1 3 0 0 0

*1 . O u t e r m o s t  s c a l e  l eaf; 2 . 2 nd s c a l e  l e a f  f r o m  t h e  o u t s i d e ;  3 . 3 r d  s c a l e  le a f  from the o u t s i d e ;  C: c e n t r a l  c o r e
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Table 4 7 : F u n g a l  f l o r a  a t  h a r v e s t i n g  of o n i o n  b u l b s  of R e d  C r e o l e  v a r i e t y  grotrn i n  t h e  d r y  s e a s o n  ( Bov, 1 9 8 8 - Fe b .  1 9 8 9 ), c u r e d  a f t e r  h a r v e s t i n g  f o r  3 0  d a y s  a n d  
i r r a d i a t e d  at 0 . 0 5  a n d  0 . 1 0  Gy.

fc F r e q u e n c y  o c c u r r e n c e to t h e  n e a r e s t  w h o l e  n u m b e r )  of s p e c i e s

S m t a e n t D o s a g e  (Gy) b u i b A l t e r n a r i a A s p e r a i l i i i s A s p e m l l u s A s p e r a i l i u s  C l a d o s p o r i u m C u r v u l a r i a F u s a r i u m F u s a r i u i  P e n i c i l l i u m P e n i c i l l i u m R h i z o o u s S v n c e p h a i a s t r u m T r i c h o d e r m a Y e a s :

a i t e r n a n a c i a v a t u s f l a v u s n i q e r he rbarum i u n a t a O X Y S D O r U E sp. c h r v s o o e n u m C V C 1 0 P 1 UE sp. r a c e m o s u m v i r i a e spp.

f e r e  + S u l p h a t e 0 1 G 0 i 12 6 0 6 0 11 0 10 G 0 0 0

ci a m s c n i a 2 0 0 0 S 5 0 0 5 0 0 0 0 0 0

3 0 0 0 9 2 0 0 8 0 0 0 0 0 G G

c 0 0 0 33 0 0 6 7 0 0 0 0 0 o

0 . 0 5 0 o 0 2 7 16 0 2S 1 4 0 1 4 0 0 0 0

2 0 0 0 20 13 0 10 11 0 4 6 0 0 0

i 0 c 0 4 4 10 0 1 0 6 0 3 0 0 0 u o

c 0 0 0 34 0 0 4 0 0 0 26 0 0 0 0

O . i O 0 0 0 1 5 c 1 3  C 3 8 0 G 0 6

2 0 0 0 0 32 0 4 3 0 0 2 5 G G 0
r.V 0 0 20 20 0 3 0 0 0 3 0 u u 0 0

c 0 0 3 3 34 0 0 0 0 3 3 G u 0 0

M a n u r e 0 1 : 0 0 2 9 27 0 2 5 1 3 1 0 0 0 0

0 0 8 3 0 0
•3
I 0 0 13 0 !) 0 0

c ~ 0 0 0 u 2 6 0 1 it1 G G Ji

0 . 0 5 1 0 0 0 5 16 0 7 4 5 0 0 0 0 0 3
L 0 0 0 10 0 20 0 0 20 0 G 0 0

0 0 0 2 5 13 0 0 0 50 G V
C 0 0 0 ^ 0 0 0 0 0 0 1 00 u G G 0

0. 1 0 0 0 c 5 19 Q 7 5 1 0 0 G 0 0 0

2 0 0 0 2 4 33 0 4 3 0 0 c o 0 0

3 . 0 0 0 3 8 35 0 2 7 0 0 c G 0 0

0 0 0 c 0 15 0 o 0 u 0 c



Table 48: Fungal flora of onion bulbs of Teias Grano variety plants grow in the dry season (lov. 1988 - Feb. 1989), cured after harvesting for 30 days and
irradiated at 0.05 and 0.10 Gy.

S o i l
T r e a t m e n t

I r r a d i a t i o n  

D o s a g e  (Gy)

P a r t  of 
b u l b

i Fr e q u e n c y  o c c u r r e n c e  ( t o  t h e  n e a r e s t  w h o l e  n u m b e r )  o f  s p e c i e s

A l t e r n a r i a
a l t e r n a t a

A s p e r c r i l l u s

c l a v a t u s
A s p e r g i l l u s  A s p e r g i l l u s  
f l a v u s  n iger

C l a d o s p o r i u o
h e r b a r u i

C u r v u l a r i a
l u n a t a

F u s a r i u m
o x v s p o r u a

F u s a r i u a

sp.

P e n i c i l l i u m
chrysogenuti!

P enicilliura

c vclopiura
S h i z o p u s
s p e c i e s

S v n c e p h a l a s t r u m

racesiosuia

T r i c h o a e r r a a
v i r i d e

T e a s t  
S P P .

H a n u r e  t S u l p h a t e 0 1 1 0 0 7 4 6 0 16 2 0 0 0 0 0 1

o f  a m m o n i a 2 0 0 0 86 0 0 10 4 0 0 0 0 0 0

3 4 0 0 7 1 6 0 9 0 0 10 0 0 0 0

c 2 4 0 0 3 5 1 7 0 0 0 0 2 4 0 0 0 0

0 . 0 5 1 4 0 0 13 1 3 0 53 13 4 0 0 0 0 0

2 0 0 0 2 1 5 0 33 0 0 50 0 0 0 0

3 0 0 0 0 0 0 6 0 0 9 4 0 0 0 0

c 0 0 0 0 0 0 0 0 0 1 00 0 0 0 0

0 . 1 0 1 1 6 0 0 12 20 0 3 1 1 5 3 13 0 0 0 0

2 1 5 0 0 10 15 0 5 0 0 0 10 0 0 0 0

3 10 0 0 30 10 0 3 0 0 0 20 0 0 0 0

c 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H a n n r e 0 1 0 0 0 74 6 0 16 4 0 0 0 0 0 0

2 0 0 0 8 5 1 8 0 3 0 0 0 0 0 0 0

3 0 0 0 60 21 0 A 0 0 15 0 0 0 0

c 0 0 0 35 10 0 2 4 0 0 3 1 0 0 0 0

0 . 0 5 1 0 0 2 4 23 0 66 5 0 0 0 0 0 0

2 0 0 0 30 0 0 10 10 0 ■ 4 0 0 0 0 10

3 0 0 0 37 0 0 2 5 8 0 3 0 0 0 0 0

c 0 0 0 0 0 0 7 5 0 0 2 5 0 0 0 0

0 . 1 0 1 0 0 0 22 6 0 5 4 18 0 0 0 0 0 0

2 0 0 0 51 i 0 33 I 0 3 0 0 0 0

3 0 0 0 60 4 0 2 7 3 0 6 0 0 0 0

c 0 0 0 0 0 0 1 00 0 0 0 0 0 0 0



150-

T a b l e  ( 9 : F u n g a l  f l o r a  a t  h a r v e s t i n g  o f  o n i o n  b n l b s  o f  R e d  C r e o i e  v a r i e t y  p l a n t s  g r o w n  in th e  rainy s e a s o n  ( A p r i l ,  - J a n e ,  1 9 8 9 ), c u r e d  a f t e r  h a r v e s t i n g  f or 3 0  d a y s  
a n d  i r r a d i a t e d  a t  0 . 0 5  a n d  0 . 1 0  Gy .

S o i l
T r e a t m e n t

I r r a d i a t i o n  
D o s a g e  (Gy)

P a r t  of 
b u l b

$ P r e q u e n c y  o c c u r r e n c e  (to he n e a r e s t  w h o l e  n u m b e r )  of s p e c i e s

A l t e r n a r i a
a l t e r n a r i a

A s o e m i l i i s
c l a v a t u s

A s o e r g i l l u s
f l a v u s

Asoeraillus

niqer

C l a d o s D o r i u a
h e r b a r u s

C u r v u l a r i a

l u n a t a
F u s a r i u m
o x v s D o r u m

Fusariura

sp.
P e n i c i l l i u a
c h r y s o q e n u m

P e n i c i l l i u m
c vcloDiura

S h i z o D U s
s p e c i e s

S v n c e o h a l a s t r u E
r a c e m o s u a

T r i c h o d e r a a
v i r i d e

T e a s t
spp.

M a n u r e  f S u l p h a t e 0 1 0 0 0 81 0 0 0 0 0 0 17 0 2 0

o f  a m m o n i a 2 0 0 0 ol 0 0 0 0 0 0 18 0 1 8 0

3 0 0 0 52 0 0 0 0 0 0 2 4 0 2 4 0

c  j 0 0 0 55 0 0 0 0 0 0 26 0 1 8 0

0 . 0 5 1 0 0 0 100 0 0 0 0 0 0 0 0 0 0

2 0 0 0 100 0 0 0 0 0 0 0 0 0 0

3 0 0 0 100 0 0 0 0 0 0 0 0 0 0

c 0 0 0 100 0 0 0 0 0 0 0 0 0 0

0 . 1 0 1 0 0 0 100 0 0 0 0 0 0 0 0 0 0

2 0 0 0 100 0 0 0 0 0 0 0 0 0 0

3 0 0 0 100 0 0 0 0 0 0 0 0 0 0

c 0 0 0 100 0 0 0 0 0 0 0 0 0 0

H a n u r e 0 1 0 0 0 \ 0 0 0 0 0 0 16 0 7 7 0

2 0 0 0 0 0 0 0 0 0 0 23 0 7 7 0

3 0 0 0 0 0 0 0 0 0 0 23 0 7 7 0

c 0 0 0 0 0 0 0 0 0 0 56 0 4 4 0

0 . 0 5 1 0 0 0 100 0 0 0 0 0
2 0 0 0 100 0 0 0 0 0 0 0 0 0 0

3 0 0 0 100 0 0 0 0 0 0 0 0 0 0

c 0 0 0 100 0 0 0 0 0 0 0 0 0 0

0.10
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Table 50: Fungal flora at harvesting of onion bulbs of led Creole variety plants grow in the rainT season (April, 1989 - June, 1989), cured after harvesting for 30 dajs
and irradiated at 0.05 and 0.10 Gy.

S o i l
t r e a t n e n t

I r r a d i a t i o n  
D o s a g e  (Gy)

P a r t  of 
b n l b

1 F r e q u e n c y  o c c u r r e n c e  (t o  t h e  n e a r e s t  w h o l e  n u i b e r )  of s p e c i e s

A l t e r n a r i a
a l t e r n a t a

i s o e r u i l l u s
c l a v a t u s

A s u e r u i  1 lus. 
f l a v u s

A s D e r u i l l u s  C l a d o s t o r i u i  C u r v u l a r i a  
niaer h e r h a r u i  l u n a t a

F u s a r i u i
o i v s n o r u n

F u s a r i u s
sp.

P e n i c i l l i u i  P e n i c i l l i u s  
c b r v s o a e n u i  c v c ! o n i u »

S h i z o s u s
s p e c i e s

S y n c e o h a l a s t r u i

r a c e « o s u «
Trichoderiaa
v i r i d e

Y e a s t
spp.

H a n u r e  f S u l p h a t e 0 1 0 0 0 13 0 0 0 0 ' 0 0 8 7 0 0 0
o f  a i u o n i a 2 0 0 0 11 0 0 0 0 0 0 8 9 0 0 0

3 0 0 0 2 0 0 0 0 0 0 9 8 0 0 0
c 0 0 0 ( 9 0 0 0 0 0 0 51 0 0 0

0 . 0 5 1 0 0 0 100 0 0 0 0 0 0 0 0 0 0
2 0 0 0 100 0 0 0 0 0 0 0 0 0 0
3 0 0 0 100 0 0 0 0 0 0 0 0 0 0
0 0 0 0 100 0 0 0 0 0 0 0 0 0 0

0 , 1 0 1 0 0 0 100 0 0 0 0 0 0 0 0 0 0
2 0 0 0 100 0 0 0 0 0 0 0 0 0 0
3 0 0 0 100 0 0 0 0 0 0 0 0 0 0
c 0 0 0 SO 0 0 20 0 0 0 0 0 0 0

H a n n r e 0 1 0 0 0 3 0 0 0 0 0 0 53 0 4 4 0

2 0 0 0 10 0 0 0 0 0 0 (6 0 4 4 0

3 0 0 0 24 0 0 0 0 0 0 44 0 32 0

c 0 0 0 SI 0 0 0 0 0 0 20 0 1 9 0

0 . 0 5 1 0 0 0 100 0 0 0 0 0 0 0 0 0 0

2 0 0 0 too 0 0 0 0 0 0 0 0 0 0
3 0 0 0 too 0 0 0 0 0 0 0 0 0 0

c 0 0 o too 0 0 0 0 0 0 0 0 0 0

0 . 1 0 1 0 0 0 too 0 0 0 0 0 0 0 0 0 0
2 0 0 0 too 0 0 0 0 0 0 0 0 0 0
3 0 0 0 100 0 0 0 0 0 0 0 0 0 0
c 0 0 0 8 3 0 0 0 0 0 0 0 0 0 0
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'ao'e 51: Fungal flora at harvesting of onion bulbs of Red Creole variety plants grown in the rainy season (April, 1989 - June, 1939), cured after harvesting for 30 days
and irradiated at 0.05 and 0.10 Gy.

Soil
T re a tm e n t

I r r a d i a t i o n  

D o s a g e  (G y )

P a r t  of 
b u l b

% F r e q u e n c y  occurrence (to th e  n e a r e s t  w h o  1e n u m b e r )  o f  s o e c i e s

A H e r n a r  i a 

a l t e r n a r i a

A s o e r q i  1 lus 
c l a v a t u s

A s o e r q i 11 us 
f l a v u s

Asoerqi llus 
niqer

Cladosooriuiii

herbaruiii

C u r v u l a r i a

l u n a t a
F u s a r i u m
o x v s o o r u m

F u s a r i u m
sp,

P e n i c i 1 1 i urn 
ciirYSocenuRi

. P e n i c i 1 iium 
cvciooiuir,

R i m o o u s
s p e c i e s

S y n c e o h a l a s t  ru m  
r a c e m o s u m

T r i c h o d e r m a

v i r i d e

Y e a s t

sop.

M a n u r e  f S u l p h a t e 0 1 0 0 1 9 3 0 0 0 0 0 5 0 0 0 0

of a m m o n i a 2 0 0 1 9 8 0 0 i 0 0 2 0 0 0 0

3 0 0 0 96 0 0 0 0 0 0 0 0 0 0

c 0 0 0 92 0 0 • 0 0 0 8 0 0 0 0

0 . 0 5 1 0 0 8 59 0 0 15 0 0 8 0 0 0 0

2 0 0 0 39 0 0 \ 0 0 0 0 0 0 0

3 0 0 0 97 0 3 0 0 0 0 0 0 0

c 0 0 0 89 0 0 11 0 0 0 0 0 0 0

0 . 1 0 1 0 0 0 88 0 0 0 0 0 12 o 0 0 0

2 0 0 0 100 0 0 0 0 0 1 0 0 0 0

3 0 0 0 85 0 0 0 0 o , 0 0 q 0 0

c 0 0 8 85 0 0 0 0 ( K 8 0 0 0 0

M anure 0 h V t v * ’ 0 0 0 9 9 0 0 1 0 0 0 0 0 0 0

2 0 0 1 98 0 0 1 0 0 1 0 0 0 0

3 0 0 0 9 8 0 0 2 0 0 1 0 0 0 0

c 0 0 0 92 0 0 0 0 0 8 0 0 0 0

0 . 0 5 0 0 0 39 0 <1 3 6 0 0 0 0 0 0 0

2 0 0 0 100 0 0 0 0 0 0 0 0 0 0

3 0 0 0 100 0 0 0 0 0 0 0 0 0 0

c /  0 0 10 64 0 0 12 0 0 12 0 0 0 0

0 . 1 0 1 0 0 0 88 0 0 0 0 0 12 0 0 0 0

2 0 0 0 100 0 0 0 0 0 1 0 0 0 0

3 0 0 0 100 0 0 0 0 0 0 0 0 0 0

c 0 0 0 85 0 0 0 0 0 8 0 0 0 0



155

iabie 52 F u n g a l  f l o r a  a t  h a r v e s t i n g  of o n i o n  b u l b s  of R e d  C r e o l e  v a r i e t y  p l a n t s  grotro i n  t h e  r a i n y  season (April, 1 9 8 9  - J u n e ,  1 9 8 9 ), c u r e d  a f t e r  h a r v e s t i n g  f or 
3 0  d a y s  a n d  i r r a d i a t e d  a t  0 . 0 5  a n d  0 . 1 0  G y

Soli
treataeni

I r r a d i a t i o n  
D o s a g e  (Gy)

P a r :  oi 
b u l b

s F r e q u e n c y  o c c u r r e n c e  (to t h e  n e a r e s t  K h o i e  n u m b e r ) oi s p e c i e s

A l t e r n a r i a

a l t e r n a t a

A s D e r c r i l l u s

c l a v a t u s
A s p e r g i l l u s
f i a v d s

A s p e r g i l l u s
n i g e r

Ci a d o s p c r i u m

b e r b a r u m

C u r v u i a r i a  F u s a r i u m  

l u n a t a  o z y s p o r u c
F u s a r i u m  P e n i c i l l i u m  
sp. c b r v s o a e n u m

P e n i c i l l i u m
c v c l o p i u m

R h i z o p u s

sp.
S v c c e o h a i a s i r u i
r a c e m o s u m

T r i c h o a e m
v i n d e

Y e a s :

s p p .

XjL'jre - S u l p h a t e 0 0 0 0 87 0 0 0 6 0 11 G 0 C
V. S e S C L i S 2 0 0 0 9 8 0 0 c 0 0 2 0 0 a

0 u 0 9 8 0 0 0 0 A 0 0 0 5
0 0 0 5 0 0 0 0 0 0 5 0 0 0 0 0

0 . 0 5 0 0 e 7 0 5 0 1 8 0 0 10 0 0 0 2
2 0 0 0 9 8 0 u 2 0 0 0 0 0 0
j 0 0 0 100 0 0 0 0 c 0 0 0 0 0
c 0 0 0 100 0 0 u 0 0 0 0 0 0

0 . 1 0 1 0 0 0 97 0 0 2 o n fi c 0 0
L u 0 u 99 0 0 1 0 0 u u 0 0

u c 0 100 0 0 0 0 u u 0 c 0
C 0 0 0 1 0 0 J 0 0 0 0 0

tore

0 . 0 5

8 9  
98 
9 3  
{ 7

70
9 8

100
0.10
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Table 53: Fungal flora at harvesting of onion bulbs of Red Creole variety plants grown in the rainy season (April, 1989 - June, 1989), cured after harvesting for 30 days
and irradiated at 0.05 and 0.10 Gy.

'ir a d i a t i o n  Par: 
iosags t G y  j pu.i

; ae n e a r e s t  v n c - e  n u a c e r ;  o: specie:

A i t e r a a r l a  Asp e r g i !  
a l : e m a : a  c i avaiu;

.ilus C i a c s s s o r m a  C u r v u i s n s  russr.
h e r a a r a a  l u n a t a  oyjsoi

J u s a n u s  Pen:::.

rvsogertua

Xanurs sulphate 0
of amaocia

0. 10

M a n u r e  0

0.10
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table it! F u n g a l  f l o r a  a t  h a r v e s t i n g  o f  o n i o n  b u l b s  o f  B ed C r e o l e  v a r i e t ?  p l a n t s  g r o w  it the rainr s e ason ( A p r i l ,  1 9 8 9  - J u n e ,  1 9 8 9  ), c o r e d  a f t e r  h a r v e s t i n g  f o r  3 0  da ? :  
a n d  i r r a d i a t e d  at 0 . 0 5  a n d  0 . 1 0  G ?.

Soil
H i t

I r r a d i a t i o n  

D o s a g e  (Gy)
P a r :  oi 
bull)

1 Frequency o c c u r r e n c e  ( to t h e  n e a r e s t  w h o l e  n u m b e r ) of s p e c i e s

A i t e r n a r i a
a i t e r n a t a

A s p e r a i l l u s
c l a v a t u s

A s p e r a i i  

f i a v u s
i u s  Asoeraillus 

niaer

C l a d o s D o r i u m  

h e r b a r u m
C u r v u l a r i a  F u s a r i u m  

i u n a t a  o m p o r u m
F u s a r i u m
sp.

P e n i c i l l i u m
c h r y s o q e n u m

P e n i c i i l i u m
c Y c l o p i u m

E h i z o p u s

sp.

S Y n c e p b a l a s t r u m

r a c e m o s u m
T r i c h o d e r s a
v i r i d e

Y e a s t

s p p .

Kasure +  Sul p h a t e 0 1 0 0 8 80 0 0 0 0 0 7 3 2 0 0
ci a a s G n i a 2 u 0 Q 55 0 0 22 0 0 C 2 0 2 0

3 0 0 1 3 33 0 C 0 G 0 1G 4 0 L 0
c 0 0 ii 66 0 0 G 0 0 7 3 8 0 0

0 . 0 5 0 i 6 85 0 1 0 0 0 2 2 2 0
2 G 0 5 87 0 C 5 0 0 0 2 0 c
3 0 0 2 82 0 0 1 0 0 0 2 0 1 4 0
c u 1 2 52 0 0 0 0 0 0 0 L 0

0.10 0 1 8 13 5$ 0 0 0 0 0 0 3 7 0 0
2 0 5 3 33 0 1 4  2 0 0 3 8 2 3 0 0
3 0 i 5 n 0 0 0 0 0 G 1 6 0
c 0 b 5 53 0 9 0 0 0 5 6 ft G

Ka sure 0 1 0 1 5 0 73 0 0 0 0 0 4 3 3 3 0
2 0 C 74 0 C 0 0 0 0 7 12 0

0 6 0 72 0 0 3 c G 0 6 6 21 0
c 0 14 11 (1 0 0 0 0 0 12 3 1 4 0

0 . 0 5 (j 0 0 ot 0 0 0 - 0 G 0 3 2 0 1 0
2 0 0 1 3 43 0 0 0 0 0 2 3 8 2 2 0
3 0 0 2 63 0 2 0 0 0 7 3 3 0 0 0
c u 0 60 0 3 0 0 0 2 3 3 0 1 0

0 . 1 0 o 8 2 80 0 2 0 0 0 3 0 0

2 0 1 1 57 0 0 0 0 0 0 i 1 0 0
j 0 0 85 {j 0 0 0 0 9 0 0
c 0 1 4 7S 0 0 0 0 0 2 2 6 0 0



FIG. ^ . ’ DOM INANT  F U N G A L  S P E C I E S  I S O L A T E D  FROM B U L B S  JDF RED CREOLE AND  T E X A S  GRANO  O N IO N S  PLAN T ED  IN SO IL  WITH MANURE ( _ ]  OR

M A N UR E  AND  S U L P H A T E  OF A M M O N I A  ( = )  DURING T H E  RAINY ( 0 ) AND  D R Y (o )  S E A S O N S  AFTER H AR V EST IN G  CURING IRRADIATION AND 
STORAGE FOR 90 D AYS  "  1 0 '

R E D  C R E O L E  

R A I N Y  D R Y

S E A S O N  S E A S O N

F R E S H L Y  H A R V E S T E D

C U R E D  F O R  3 0  DAYS

7 7 7 //
A . n i g e r  ' / F . o x y s  p o r u m

P ■ c y c l o p i u m  ,  

>  , 0 / /
Y e o s t  s

7 V / /
A • h i g e r  y F.o x y s p o r u m

P . c y c l o p i u m P.  c y c l o p i u m

' /  /  / Y e a s t s

7 7 7 7 /
R h i z o p u s  sp . A . n i g e r

T- v i r i d e  /
- /  / /  /

F. o x y s p o r u m

*  7. '' /A . n i g e r  ' , A . n i g e r

R h i z o p u s  sp. 

' T I  v i r i d e  /

F. o x y s p o r u m

S O I L  W IT H  M A N U R E

S O IL  W IT H  M A N U R E  AND 

S U L P H A T E  OF  A M M O N I A

O . O S G y

I R R A D I A T E D

C . h e r  b a r u m

P c y c l o p i t

l A . n i g e r  | 

F. o x y s p o r u m

1 c y c l o p i u m l

A . n i g e r

O . I O G y

A-  n i g e r  

C . h e r b a r u m  

F o x y s p o r u m

IA • n i g e r 
C . h e r b a n

F .o x ys p o ru m  

P. c y c l o p i u m

A . n i g e r

A . n i g e r

T E X A S  G R A N O  

R A I N Y  D R Y

S E A S O N


