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Abstract   

Erythricium salmonicolor is the cause of pink disease in cocoa in the humid 

tropics. The growth of 4 isolates (ES-WR006, ES-WR008, ES-ER009 and ES-

ER010) of the fungus on different sources of nutrient (carbohydrate, amino 

acid and vitamin) and environmental conditions (temperature, pH and light) 

were evaluated in the laboratory. The pink disease isolates utilised the nu-

trients to different extent, with the best radial mycelial growth rate achieved 

with isolate ES-WR008 followed by ES-WR006. None of the isolates produced 

spores in the laboratory. The isolates utilised polysaccharides as best as 

disaccharides and monosaccharaides. Among 7 amino acids assayed, aspar-

tic acid was the most promising for vegetative growth. The best radial myce-

lial growth on vitamins was attained on folic acid and riboflavin. The mini-

mum, optimum and maximum temperatures for growing the fungus were 

18°C, 28°C and 34°C respectively. Survival of E. salmonicolor isolates within 

the temperature range of 18-34°C is consistent with temperatures for grow-

ing cocoa in Ghana. The isolates also grew well within a pH range of 4-8, 

with the best growth at pH 6. Light quality and duration influenced the veg-

etative growth of the isolates. Pink disease isolates maintained in 24 hr 

darkness or 24 hr light performed better than in alternating 12 hr darkness 

and 12 hr light. There was a significant (p < 0.05) repressive effect of the al-

ternating dark and light exposures on vegetative growth of the fungus. The 

implications of the results for efficient management of the cocoa disease 

are discussed.    
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Introduction   

Erythricium salmonicolor (Berk. & Broome) Burdsall, is the cause of stem 

girdling cankerous infection on tree crops. It causes the disease commonly 

called ‘pink disease’ because of a distinctive salmon to pink coloured myce-

lial growth of the fungus on affected plants. Although the pathogen is glob-

ally distributed, it is commonly found in the humid tropics (1, 2). It occurs on 

a wide range of important tropical crops including Theobroma cacao L., 

(cocoa). An early sign of the pathogen on cocoa is a superficial white, cob-

web-like mycelial growth on twigs and branches mostly away from direct 

sunlight (3). The fungus penetrates the branch resulting in rotting of the 

bark tissues which dry-up quickly to become a dry rot. Usually, the fungus 

enters the plant through the natural openings of lenticels or cracks and 

forms white pustules. As the disease progress, pink-coloured mycelium co-
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vers (incrustation) consisting of hyphae and fruiting bodies 

(4). At this point, the fungus enters the cambium layer, kills 

the cambium tissues with an accompanying yellowing and 

subsequent browning of leaves on the affected branches. 

The most characteristic feature of pink disease infection in 

cocoa is a die-back symptom often seen as wilting of 

leaves (Fig. 1) and there is complete defoliation under se-

vere infection. At the advanced stages of the disease, there 

are formations of orange-red pustules containing spores 

as the previous white pustules fade away (5). These pus-

tules are formed on portions of the affected branches ex-

posed to direct sunlight.  

 Effective control of pink disease incidence in cocoa 

has always been problematic. This is because the initial 

cobweb-like mycelial growth of the fungus is difficult to 

detect until the pink incrustation stage when the pink dis-

ease is most visible to farmers (6). This means that farmers 

are unable to detect the disease at the early stages until 

the cocoa plant has succumbed to the pathogen with the 

accompanying die-back symptom (Fig. 1). In Ghana, the 

pink disease of cocoa was once categorised as a minor 

fungal infection but it is now an emerging threat to pro-

duction of the crop. The causal pathogen is a canopy-

dwelling fungus and a decomposer of living woody plants 

(4, 7). It was reported that in some disease-affected areas, 

the pathogen could cause cocoa yield losses ranging be-

tween 60-100% (6). Akrofi and his team (3) carried out an 

epidemiological survey in some cocoa growing regions in 

Ghana and reported that the disease is still spreading 

widely and reducing cocoa yield. The continuous spread of 

pink disease is due to a lack of appropriate information to 

produce potent antagonists for effective pathogen control. 

There is little information available in the literature on the 

basic growth requirements of this pathogen, particularly 

on nutritional and environmental conditions (3, 8).  

 The primary aim of a pathogen is to access nutri-
ents of the host cell (9). The role of nutrients in fungi 

growth and development is complex but the pathogens 

utilise different nutrients such as amino acids, vitamins, 

carbohydrates and mineral elements for colonisation, 

growth and reproduction (10-13). Amino acids form the 

building blocks of the fungus and also affect the infection 

pathway of the pathogen by influencing the deployment of 

virulence factors (14). The main function of vitamins is in 

the enzymatic reactions of the fungus, serving as either 

coenzymes or cofactors. Carbohydrates are substrate for 

the production of energy and may be involved in the cellu-

lar signaling pathways of the fungus. According to Bani 

and others (15) successful fungal invasion of a host cell is 

dependent on a lot of factors which also vary according to 

nutrient consideration and environmental conditions. Un-

derstanding the nutritional needs of the pink disease fun-

gus may provide useful insight into conditions conducive 

for infection, survival and host range. The influence of en-

vironmental conditions such as light, temperature, water 

activity and pH preferences on growth and development of 

fungi is well known (11, 16, 17). However, the data on these 

environmental influences cannot be inferred from one 

region of the world to the other. It is therefore important 

to know the requirements for environmental conditions 

for the fungus causing pink disease in cocoa in Ghana. 

Such information will help to understand better the popu-

lation dynamics, adaptation and host-pathogen interrela-

tionships for efficient management of the pink disease. 

Therefore in this study, the vegetative growth of four iso-

lates of E. salmonicolor was evaluated on carbohydrates, 

amino acids and vitamins media. The effects of tempera-

ture, pH and light exposure on the growth of the patho-

gens were also assessed in the laboratory.   

 

Materials and Methods   

Pink disease isolates   

Four isolates of the pink disease obtained from mycelium 

of the fungus growing on bark cankers of infected cocoa 

trees were used for the study. Isolates ES-ER009 and ES-

ER010 were sampled from cocoa farms at Saamang           

(6° 20′ 84.4′′ N, 0° 29′ 64′′ W) and Asamanma (6 19′ 0″ N, 

0 35′ 0″ W) respectively, in the Eastern Region of Ghana. 

Isolates ES-WR006 and ES-WR008 were from farms at 

Wiawso (6 12′ 57″ N, 2° 29′ 6″ W) and Elubo (5° 17′ 0″ N,      

2° 46′ 0″ W) respectively, in the Western Region of Ghana. 

Single strand isolations were made successively (twice) 

from the growing tip of an isolate on water agar and finally 

onto malt extract agar (MEA). Live cultures of the pure iso-

lates are maintained at a fungal library at Cocoa Research 

Institute of Ghana.  

Inoculum preparation, inoculation and mycelial growth 

measurement   

Discs of the mycelial plug were removed from actively 

growing margins of each isolate growing on MEA at 25°C 

for 5 days in the dark and used as inoculum. An inoculum 

plug (6 mm diameter) was placed with the top-side down 

at the centres of 4 replicate agar plates per medium. Inoc-

ulated plates were sealed with Parafilm (Bemis flexible 

packaging, Neenah, Wisconsin) and arranged in a com-

pletely randomised design (CRD) inside a dark incubator 

(GenlabPrime®, Genlab Ltd, Cheshire) at 25°C. The colony 

diameter of each plate was measured along two perpen-

dicular axes at 24 hr. intervals for 96 hr. The 2 measure-

ments for each day were averaged and converted to the 

Fig. 1. Pink disease affected cocoa plant showing the pinkish colouration on 
the branches with symptoms of die-back and severe wilting of the leaves.  

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

final daily radial growth rate after subtracting the original 

diameter of the agar plug and dividing by 2. A similar pro-

cedure was used to study the effects of temperatures, pH 

and light on the mycelial growth of the fungus. All the ex-

periments were repeated twice. 

Preparation of media  

Oxoid MEA media was prepared according to label instruc-

tions. Vegetable-8 juice agar (V8JA) was prepared by add-

ing 200 ml each of clarified V-8 juice (Campbell Soup Co., 

Camden, New Jersey) to 800 ml SDW. Agar powder was 

added to the media (except MEA) at 2% (w/v) over a water 

bath at 65 °C and stirred continuously to dissolve. Media 

were sterilised at 121°C and 1.1kg cm-3 pressure for 15 min. 

in an autoclave machine (Priorclave® Biocote Ltd, Wolver-

hampton, UK). Preliminary experiments showed that me-

dia prepared from V8JA had a low pH value affecting me-

dia solidification after heat sterilisation. Hence, 3 g CaCO3 

was added to V8JA before sterilisation. All media were dis-

pensed into 90-mm diameter Petri plates (20 ml/plate) and 

kept for 2 days on a laboratory bench before use. 

Assessing the effect of carbohydrate, amino acid and vit-
amins sources on mycelial growth   

Ingredients required to formulate a base medium similar 

to (18) were glucose (10 gm), KNO3 (3.5gm), KH2PO4 (1.75 

gm), MgSO4.7H2O (0.75 gm), NaCl (0.2gm), thiamine hy-

drochloride (0.5mg) and agar (12gm). These were dis-

solved in one liter of SDW and chloramphenicol was added 

at 1% to inhibit bacteria growth. The medium was steri-

lised by autoclaving for 10 min. Vitamins used in the medi-

um were sterilised through Millipore filtration (0.22 µm 

filter) and added after heat sterilisation. The different nu-

trient media were formulated as follows: 

1. Glucose as the carbohydrate in the base medium 

was substituted during the assessments by equiva-

lent amounts of starch, lactose, maltose, sucrose, 

mannose and fructose. These were calculated using 

their molecular weights.  

2. Similarly, KNO3 as the amino acid source of the base 

medium was substituted with equivalent amounts 

of alanine, aspartic acid, cysteine, glutamic acid, 

tryptophan and arginine. 

3. Moreover, thiamine in the base medium was substi-

tuted by the vitamins pyridoxine, folic acid, ribofla-

vin, ascorbic acid, biotin or niacin for assessment.  

 Each medium was poured into 90 mm Petri plates, 

kept on a laboratory bench to cool before use. The media 

were inoculated with the 4 isolates and radial mycelial 

growth rates calculated as previously described. 

Determination of the effect of temperature on mycelial 

growth     

The effect of incubation temperatures on the mycelial 

growth of the fungal isolates was assessed on V8JA media. 

The isolates were placed on agar plates as described previ-

ously and incubated in the dark at temperatures ranging 

from 20-36°C at 2°C intervals. At each temperature, 4 repli-

cated plates per isolate were arranged in CRD and as-

sessed at 24 hr. intervals for growth up to 96 hr. It was ob-

served that inoculum plugs of isolates at 36°C did not grow 

after 7 days. The plugs were transferred onto fresh V8JA 

plates, incubated at room temperature (23±2°C) and ob-

served for another 7 days to determine their viability.  

Determination of the effect of pH on mycelial growth      

Due to the challenge of V8JA solidification which needed 

to be adjusted with CaCO3 as described previously, MEA 

media was used for the pH studies. The media were mixed 

with equal volumes of buffer to give hydrogen ion concen-

trations of 4, 5, 6, 7 or 8. Citrate phosphate (50 mM) buffer 

was used for pH 4 - 6 while 50 mM Tris-HCl was used to 

attain pH 7 and 8 according to the method described in 

(19). The buffer and the media were autoclaved separately 

and mixed. The media pH was confirmed by measuring 

with corning pH meter (Corning Inc., NY). Plates were inoc-

ulated with the isolates and the radial mycelial growth 

rates recorded as previously.  

Determination of the effect of light on mycelial growth  

To determine how light affects the mycelial growth rate, 
the four isolates were grown on V8JA plates under 3 differ-

ent light exposures with 4 replications. The fungal isolates 

were placed under 24 hr. light (2 cool fluorescent lamps,  

1.8 kilolux per lamp, SunLite, China), 12 hr. light/12 hr. 

dark and 24 hr. dark inside GenlabPrime® incubators. The 

experiments on 24 hr.dark and alternate 12 hr. light/12 hr. 

dark were performed simultaneously in the same incuba-

tor. Plates placed under 24 hr. dark were wrapped in alu-

minium foil (Caterers foil) and kept inside paper bags in 

the incubator. Daily radial growth rates were calculated for 

the isolates as described previously. 

Statistical analysis    

Initial analysis of each experiment was conducted to check 

for homogeneity of variances across experiments. Follow-

ing results that showed similar variances, the averages of 

treatments in each experiment was used to pool all the 

three separate experiments together for further analyses. 

Data were analysed as factorial in CRD based on a nested 

design structure where the fungal isolates were consid-

ered as nested within the respective factors used. All anal-

yses were performed with GenStat 11.1 (2008) and differ-

ences in the means were compared at p < 0.05 significance.  

 

Results and Discussion   

The pink disease isolates grew to different extent on the 

carbohydrate sources. The radial mycelial growth rates 

were significantly (p < 0.05) influenced by the interactive 

effects of isolate and the carbohydrate used (Fig. 2). The 

isolates utilisation of glucose (monosaccharide), fructose 

(monosaccharide), mannose (monosaccharide), lactose 

(disaccharide sugar), maltose (disaccharide sugar), su-

crose (disaccharide sugar) and starch (polysaccharide) 

indicates that the fungus is capable of degrading mono-,  

di- and poly-saccharides for growth and development. This 

is an advantage to the pathogen in competition with other 

fungi for nutrients. The result agrees with the earlier re-

ports (20-22) that fungus in the Phylum: Basidiomycota 

utilises different carbohydrate sources as energy. The best 
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growth rate was obtained with isolate ES-WR008 attaining 

7.1 mm day-1 on starch, 7.0 mm day-1 on lactose and          

6.9 mm day-1 on glucose in 4 days in the dark at 25°C. The 

isolate (ES-WR008) utilised starch as best as glucose and 

lactose without any significant (p>0.05) differences. How-

ever, the rest of the isolates, particularly ES-ER010 and ES-

ER009, grew poorly on starch attaining radial mycelial 

growth rates ranging from 3.1 mm day-1 to 3.3 mm day-1 in 

4 days at 25°C (Fig. 2). Curiously, the isolates grew poorly 

on fructose (fruit sugar) attaining growth rates ranging 

from 3.1-4.3 mm day-1. The only exception was ES-ER010 

which reached a growth rate of 6.2 mm day-1 on fructose. 

In most instances, isolate ES-ER009 gave the poorest my-

celial growth rate on the different carbohydrate media 

(Fig. 2). Efficient utilisation of a nutrient is dependent on 

the nature of enzymes produced by the fungus (23); there-

fore, the poor utilisation of some of the nutrients may be 

attributed to the low production of the degrading en-

zymes. For instance, the absence of α- and β-glycosidase 

in some fungi which are required to break the α-1,4 and      

β-1,6-glycosidic linkages in the starch molecule has been 

implicated in poor utilisation of starch (24). Also, repres-

sive effect of fructose on vegetative growth of fungi when 

used as a sole carbon has been reported (25) and as con-

firmed here will be useful in the provision of potent antag-

onists to the pink disease pathogen.  

 The fungal pathogen utilised potassium nitrate, 
alanine, aspartic acid, cysteine, glutamic acid and arginine 

successfully for growth. There were significant (p = 0.001) 

differences in the mycelial growth of the isolates on amino 

acid agar media (Fig. 3). Isolate ES-WR008 and ES-WR006 

gave the best radial mycelial growth rates on the media in 

4 days in the dark at 25°C. Generally, aspartic acid support-

ed rapid mycelial growth of the pink disease isolates. The 

growth rates observed ranged from 4.8-6.6 mm day-1 in 4 

days at 25°C. Thus, aspartic acid proved one of the most 

important amino acids for vegetative growth of E. salm-

onicolor. Similarly, report is available on aspartic acid and 

asparagine as the most important amino acids enhancing 

biomass production in Agaricales (Phylum: Basidiomycota) 

(26). Additionally, the potassium nitrate which was includ-

ed in the assay as an inorganic source of amino acid sup-

ported the growth of the pink disease isolates comparable 

to the organic ones. This shows that the pink disease iso-

lates can utilise both organic and inorganic amino acid 

resources for growth albeit with differences in the meta-

bolic rates (27). The least growth rates of the isolates were 

on medium amended with tryptophan. On the tryptophan 

medium, there were no significant (p >0.05) differences in 

the mycelial growth rates of the 4 isolates (Fig. 3). The poor 

growth of the isolates on tryptophan may be due to inade-

quate production or the absence of enzymes to break 

down the substrate.  

 Vitamins are involved in regulating the pH of host 

tissues which directly influences activities of the infecting 

fungus (13, 28). The 7 test vitamins of thiamine (B1), ribo-

flavin (B2), niacin (B3), pyridoxine (B6), biotin (B7), folic 

acid (B9) and ascorbic acid (vitamin C) variably supported 

vegetative growth of the four isolates of pink disease (Fig. 

4). It has been shown (10) that only vitamins at the right pH 

could facilitate abundant mycelial growth and sporulation 

of fungi. The variable support of the vitamins for vegeta-

tive growth of pink disease-causing fungus is therefore not 

surprising. Significant differences (p < 0.05) were observed 

within isolates on the same vitamin (Fig. 4) emphasising 

physiological variability of the isolates. The best radial 

mycelial growth rates of 5.5 mm day-1 (folic acid) and 5.4 

mm day-1 (riboflavin) were attained with isolate ES-WR008. 

This was followed by isolate ES-WR006 attaining radial 

mycelial growth rates of 5.1 mm day-1 on pyridoxine and 

Fig. 2. Effect of different carbohydrate sources on the radial mycelial growth 
rate of 4 E. salmonicolor isolates in the dark at 25 °C. Values are means of 
pooled data from 3 runs of experiments (4 replications per medium for each 
isolate). Bars represent the standard error of means.  

Fig. 3. Effect of different amino acids sources on the radial mycelial growth 
rate of 4 E. salmonicolor isolates in the dark at 25 °C. Values are means of 
pooled data from 3 runs of experiments (4 replications per medium for each 
isolate). Bars represent the standard error of means.  

Fig. 4. Effect of different vitamin sources on the radial mycelial growth rate of 
4 E. salmonicolor isolates in the dark at 25 °C. Values are means of pooled data 
from 3 runs of experiments (4 replications per medium for each isolate). Bars 
represent the standard error of means.  
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5.0 mm day-1 on riboflavin media (Fig. 4). The least radial 

growth rate of 1.5 mm day-1 was obtained with isolate      

ES-ER009 on riboflavin. Coincidentally, the performance of 

the isolates on vitamins followed a trend similar to the 

instances on carbohydrates and amino acids. Thus, a one-

stop approach to the control of pink disease using a single 

chemical or biological agent may not achieve the desired 

results because of variability of the isolates.  

 There were variations in radial mycelial growth rate 

of the isolates on V8JA after 4 days at temperatures          

(18-34°C) representative of ambient conditions in cocoa 

farms. The optimum mycelial growth rates of the isolates 

were attained at 28°C (Fig. 5). The optimum growth rates 

attained with isolates ES-WR008 and ES-WR006 at 28°C 

were 8.5 mm day-1 and 8.3 mm day-1 respectively. Mycelial 

growth rates of the remaining two isolates (ES-ER009 and 

ES-ER009) were lower (p < 0.05) but followed a similar tem-

perature-growth curve (Fig. 5). Generally, the fungal 

growth rate was least at 18°C but best at 28 C. After that 

the growth rate declined with increasing temperature and 

almost stopping at 34°C. This possibly suggests that autol-

ysis sets in at 34°C when growth of the mycelium was sig-

nificantly depressed in all test isolates (Fig. 5). At 36°C, my-

celial growth of the isolates stopped completely and in 

most cases the inoculum plugs were not viable. The data 

were therefore excluded for further analysis. Therefore, 

one can state that the minimum temperature for growing 

E. salmonicolor isolates from Ghana is 18 °C and the opti-

mum is 28°C whereas the maximum temperature is 34°C. 

This result is supported by a similar report on the fungus 

from Brazil (29), India (30) and Malaysia (31). In Brazil, it 

was reported that the optimum temperature for E. salm-

onicolor on cocoa is within a range of 23-26 °C and at the 

temperature of 35°C, mycelial growth was completely in-

hibited (29). In Malaysia, it was stated that the minimum, 

optimum and maximum temperatures for the fungus is    

10°C, 28°C and 35°C respectively (31). There was complete 

inhibition of the mycelial growth of the fungus at 5°C and 

40°C. In the current study, the survival of the isolates with-

in a temperature range of 18°C and 34°C agrees with the 

minimum and optimum temperatures for cultivating co-

coa trees in Ghana (i.e. minimum 18-21°C and optimum 30-

32°C) as (32) reported. This explains the adaptation of the 

pink disease fungus to the cocoa ecosystem and thus im-

proving our understanding of how environmental condi-

tion impacts host-pathogen interaction.  

 Changes in the pH of the medium affected the rate 

of radial mycelial growth of the pink disease isolates. The 

isolates grew well within a pH range of 4-8 with an opti-

mum growth at pH 6 (Fig. 6). At pH 6, the growth rates 

ranged from 8.9-9.7 mm day-1 in 4 days in the dark at 25°C. 

Significant (p < 0.05) interaction in the mycelial growth 

rates was observed between the fungal isolates and the 

different pH of the medium. However, ES-ER009 gave the 

least growth rates ranging from 5.9-8.9 mm day-1 at all pH 

assayed (Fig. 6). It is well established that most fungi grow 

best in acidic conditions (33, 34) and this is confirmed in 

the current study. Medium with pH value lower or above 

the optimum was poorly utilised. This indicates that in the 

event of using chemical or biological eradicant for the con-

trol of pink disease in the field, pH of the formulation 

above or below 6 will assist in achieving the best results.  

 The various pink disease isolates responded differ-

ently (p <  0.05) to the different light exposures (24 hr light, 

24 hr dark; 12 hr dark/12 hr light). Performance of myceli-

um of the isolates placed under 24 hr continuous light was 

similar to total darkness for the same period. This finding 

contradicts the report of (35) that fungi exposure to light 

decrease their mycelial growth. The best radial mycelial 

growth rate in darkness was obtained with isolate              

ES-WR008 attaining 8.6 mm day-1 in 4 days at 25 °C and the 

least was in isolate ES-ER010 (5 mm day-1). Radial mycelial 

growth of isolates maintained in alternating 12 hr darkness 

and 12 hr light performed poorly when compared to those 

in either total darkness or continuous light for 24 hr except 

isolate ES-ER010 (Fig. 7). According to one report, rapid 

mycelial growth under continuous darkness or light may 

imply a photo-receptor system in the fungus that responds 

to the light or the darkness (36). It is therefore presumed 

that alternating between light and darkness conditions 

interrupted and slowed down the mycelial growth of the 

pink disease fungi. Future research should be directed at 

confirming such a photoreceptor system in Corticiaceae 

(Basidiomycota) among the pink disease fungi. The least 

Fig. 5. Effect of temperature on the radial mycelial growth rate of four E. 
salmonicolor isolates on V8JA in the dark at 25 °C. Values are means of pooled 
data from 3 runs of experiments (4 replications per medium for each isolate). 
Bars represent the standard error of means.  

Fig. 6. Effect of light exposure on the radial mycelial growth rate of 4 E. salm-
onicolor isolates on V8JA in the dark at 25 °C. Values are means of pooled data 
from 3 runs of experiments (4 replications per medium for each isolate). Bars 
represent the standard error of means.  
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radial mycelial growth rate recorded on isolate ES-ER010 

showed no significant differences (p>0.05) in the growth 

rates under 24 hr darkness, 24 hr continuous light or alter-

nating 12 hr darkness/12 hr light (Fig. 7). Essentially, the 

isolate (ES-ER010) was behaving as a day neutral patho-

gen. These findings means that shade manipulation in co-

coa farms should be further studied for its incorporation 

into pink disease management.  

 

Conclusion   

The pink disease isolates grew well in the carbohydrates, 

amino acids and vitamins media but to different extent 

suggesting possible variable physiological differences 

within the fungal isolates studied. The isolates grew well 

over a range of pH from 4 to 8 with best growth at pH 6 and 

this wide range of pH (acid-neutral-alkaline) indicates 

physiological versatility of the isolates which may also 

adapt them to infect many different tree crops. Hence, a 

further study on the role of alternative hosts as agents of 

spread of pink disease in cocoa farms is important. It is 

established that the minimum, optimum and maximum 

temperatures for vegetative growth of the fungus are 18ᵒC, 

28ᵒC and 34 C respectively. These temperatures are con-

sistent with cocoa cultivation in Ghana and support the 

adaptation of the fungus to the cocoa ecosystem. There-

fore, for an effective control of pink disease on cocoa, a 

potent antagonist or eradicant is always required. In terms 

of light exposure, the isolates grew successfully in either 

continuous light or continuous darkness.   
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