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Abstract — A survey was conducted in twenty-five cashew 

(Anacardium occidentale) orchards in five communities in the 

Dormaa-Central Municipality of Bono Region of Ghana to 

assess the incidence and severity of anthracnose, gummosis and 

die-back diseases on cashew. Cashew diseased samples of leaves, 

stem, inflorescences, twigs, flowers, nuts and apples showing 

symptoms (e. g. small, water-soaked, circular or irregular 

yellow, dark or brown spots or lesions on leaves, fruits and 

flowers, sunken surface, especially on the apples, blight, gum 

exudates) were collected for isolation of presumptive causative 

organism. The pathogen was isolated after disinfecting the 

excised diseased pieces in 70% ethanol, plated on potato 

dextrose agar (PDA) and incubated at 28 oC for 3 to 7 days. The 

identity of the putative pathogen was morphologically and 

culturally confirmed as belonging to Colletotrichum 

gloeosporioides species complex using standard mycological 

identification protocols. The pathogen had varied conidia sizes 

of between 9-15 up to 20 μm in length and diameter of 3-6 μm. 

The conidia were straight and cylindrically shaped with 

rounded or obtuse ends. The septate mycelium was whitish-grey, 

velvety and cotton-like in appearance from the top. The results 

confirmed the presence of the pathogen in the orchards with 

incidence ranging from 6.9% and 14.0% for gummosis and 

averaged 22.9% for anthracnose infected orchards. The result 

of the pathogenicity test confirmed the isolates to be pathogenic 

on inoculated cashew seedlings and were consistently re-

isolated, thereby establishing the pathogen as the true causal 

agent of the said diseases in cashew trees and thus completed the 

Koch’s postulate.  

 
Index Terms — Cashew tree, Colletotrichum gloeosporioides, 

anthracnose, die-back, gummosis pathogenicity, Ghana. 

 

I. INTRODUCTION 

Cashew (Anacardium occidentale L.), a commercial 

golden fruit tree, plays an important socio-economic role in 

the Ghanaian agricultural sector. Cashew production is 

carried out in most parts of Ghana where the average yearly 

rainfall ranges between 1000-1500 mm. The production of 

the crop has largely increased in the past decades and it is 

changing the land use system not only in Ghana, but also in 

other West African countries. Farmers who were previously 
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into the production of cocoa and other cash crops are shifting 

their attentions to this golden crop of 21st century, due to 

domestic and international demands. Small-scale farmers 

who constitute about 88% of cashew producers [1] have 

organized themselves into small cooperative societies for 

easy access to inputs. The tree, which is native to tropical 

provinces of Brazil, was first taken to India and then to 

Mozambique in the second half of 16th century from where it 

spread to other parts of world [2]-[4]. Per country break 

down, the two major producers, namely Vietnam and Nigeria, 

produced 30% and 21% of cashew nuts, respectively, 

followed by Brazil, and appreciable yields in Benin, Côte 

d'Ivoire and Guinea Bissau [5].  

In the market trade, cashew is one of the major horticultural 

export cash crops, cultivated on commercial basis in several 

other countries of the tropics [6], [4], with world total 

production of the nuts being estimated at one million metric 

tonnes [7]. In three states of Northeastern Brazil, cashew 

contributes to annual income of about 230 million dollars 

with high export of about 90% of cashew products such as 

shell liquid and nuts [5]. Cashew production plays an 

important role in the agriculture sector of the economy of 

African countries such as Guinea-Bissau and Ghana. The 

sector contributed over 35% of their gross national product 

(GNP) in 2010 [8], [9]. About 98% of Ghana’s cashew is 

being exported as raw cashew nuts (RCN), with the 

remaining 2% being processed locally into products like raw 

cashew kernels. In 2011 for instance, Ghana exported 

280,834 MT of RCN priced at US$ 379 million. These 

exports contributed about 6.1% to the GDP and 18.2% to the 

agricultural GDP [10], [1].  

The economic gains from cashew production are 

threatened by invisible foes called plant pathogens, which 

limit the nut yield potential of the crop. Cashew trees are 

susceptible to the threat of more than 10 fungi diseases [11]. 

The most serious diseases that have been reported to attack 

and cause severe damages to cashew trees in the cashew 

producing regions of the world include anthracnose caused 

by Colletotrichum gloeosporioides, formerly known as 

Vermicularia gloeosporioides Penz. This pathogen has been 
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singled out as the most important disease of cashew, causing 

substantial nut yield losses (40% in Brazil) and across the 

globe [12]-[15]. The second disease is gummosis of the tree 

trunk and twigs caused by Lasiodiplodia theobromae [16].  

Colletotrichum gloeosporioides was first reported in Brazil 

in 1937 on Swietenia humilis, a species of tree in the family 

Meliaceae and on coffee by Butler in 1918, in India. The 

disease is not only widespread in tropical regions, but also in 

sub-tropical and temperate regions as well [17], [18]. 

Glomerella cingulate is the teleomorph form (sexual phase), 

while C. gloeosporioides is considered as anamorph phase 

(asexual phase) of the fungus [19]. The pathogen thrives well 

at the temperature range of 25-28 °C and pH of 5.8-6.5. It is 

usually not active during dry spells, but switches to active 

mode when the environmental conditions become favourable. 

It has hemibiotrophic means of infection, where both 

necrotrophic and biotrophic stages occur in succession. 

Anthracnose disease of cashew has been reported to be 

caused by several species of Colletotrichum (C. fructicola, C. 

asianum, C. theobromicola, C. siamense sensu lato, C. 

tropicale and other undesignated taxon of Colletotrichum sp.) 

belonging to C. gloeosporioides species complex [20].  

There are several species under Colletotrichum genus, but 

only four species such as C. higginsianum; C. graminicola; 

C. orbiculare and C. fructicola have their genome completely 

sequenced [21], [22]. Even though there is little study on the 

genomic sequence of C. gloeosporioides, a number of genes 

that are involved in host defence mechanism and 

pathogenesis have been identified. Colletotrichum 

gloeosporioides is not only a pathogen of cashew nut fruit, 

but also affects a large number of other host plants at any 

stage of their development including flowers, leaves and 

fruits [23]. Die-back and stem gummosis caused by C. 

gloeosporioides and L. theobromae have also been reported 

to cause significant damages to cashew plants [15]. Other 

diseases of less importance on cashew include powdery 

mildew (Oidium anacardii), black mold (Pilgeriella 

anacardii) etc. [12], [16].  

Traditionally, identification of this pathogen relies on the 

morphological characteristics such as colony colour, shape 

and size of conidia and appressorium among other features 

[24]. Owing to the morphological and genetic multifarious 

nature of this species [25], in recent times, molecular methods 

such as Amplified Fragment Length Polymorphism (AFLP); 

Microsatellites; Restriction Fragment Length Polymorphism 

(RFLP); Random Amplified Polymorphic DNA (RAPD) and 

Internal Transcribed Spacers (ITS) have all been employed in 

the identification and characterization of this pathogen to 

species level, which is paramount in solving issues of species 

delimitation [26], [27]. 

The cultivation of this crop comes with a myriad of 

challenges, among which are diseases caused by numerous 

biological agents. Farmers in this zone are well aware that 

there is a serious problem of pests and diseases affecting their 

crops, but helplessly have little knowledge about the exact 

causes of these problems. With the few exception [28], there 

is extremely very little published information about diseases 

of cashew in Ghana. Most available information on cashew 

diseases is found in newsletters, echoed by politicians 

(especially ministry of Agriculture) to achieve their political 

ambitions. Other information on the diseases of this crop are 

also typed in hard copies either as student projects or private 

works and packed on the shelves, which are beyond the reach 

of international partners in cashew production.  

The objective of this study was, therefore, to isolate, 

identify and evaluate the incidence and severity of C. 

gloeosporioides causing anthracnose, gummosis and die-

back diseases of cashew in the Bono Region of Ghana. 

 

II. MATERIALS AND METHOD 

A. Collection of Samples for Fungi Isolation 

During 2019 and 2020, a survey was conducted in twenty-

five (25) cashew orchards in five major cashew-growing 

communities, namely Antwirifo, Agyemankrom, Badukrom, 

Kyeremansu and Tonasuano in the Dormaa Central 

Municipality of Bono Region of Ghana - West Africa (Fig. 1) 

to assess the incidence and severity of anthracnose, die-back 

and gummosis diseases following complaints from the 

cashew farmers. Five orchards were randomly selected from 

each community. Cashew diseased samples such as leaves, 

stem bark, inflorescences, twigs, flowers, nuts and apples 

showing varied degrees of symptoms (small initially water-

soaked, circular or irregular yellow, dark or brown spots or 

lesions on leaves, fruits and flowers, depressed or sunken 

surface, especially on the apples, blighted, dead leaves and 

twigs, parts with gum exudates) were collected and packaged 

in brown envelopes and sent to the Central Laboratory of the 

University of Energy and Natural Resources – Sunyani, for 

isolation of the putative pathogen. The isolation was done 

according to a modified method described by [29]. The 

pathogen was isolated after disinfecting the excised diseased 

plant pieces in 70% ethanol for a minute and passed through 

three exchanges of sterile distilled water and blotted dry on 

Whatman’s cellulose filter paper. The disinfected tissues 

were then plated on potato dextrose agar (PDA) using flamed 

forceps and replicated three times in each Petri plate at 

equidistance, parafilmed and incubated at 28oC for 3 to 7 days 

for observation of the colony growth. The isolation was 

repeated 5 times using fresh samples taken from each field 

visit. The isolated putative pathogen was further purified 

through hyphae tip technique to obtain pure culture, which 

was then stored at -20 oC for further studies. 

 

 
Fig. 1. Map of Ghana showing the study area (Dormaa Central 

Municipality). 
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B. Morphological Assessment and Identification of the 

Pathogen 

The purified pathogen was examined for morphological 

and cultural characteristics using various parameters such as 

hyphae form, conidial shape and size, colour, colony margin, 

aerial mycelium and sporulation. Preparation of the pure 

cultures for observation of outgrowth of the fungi was done 

under compound light microscope (Olympus CX23, 

40X/0.25 ∞/-/ FN20) using both dry and wet mounts 

techniques. For the dry mount, Cello-tape was used to pick 

the mycelium by ticking it on fungi outgrowth on the petri 

dish and then placed on the microscopic slide and mounted 

on the microscope for observation (40X). In the second wet 

mount method, 5 ul (microlitre) of sterile distilled water was 

pipetted severally on the petri dish, containing the fungi 

outgrowth for the release of the spores into the water, a drop 

of this water-spore’s mixture was then pipetted on the slide, 

covered with slide slip and mounted on the microscope stage 

for examination (40X). The identification was based on 

standard identification protocols as described by [30]-[38]. 

The shape and the sizes (μm) of the conidia were captured 

and recorded using calibrated Image View, version: x64, 

3.7.9229.2 017- 0607. 

C. Pathogenicity Assay 

For pathogenicity trial, the stored pure cultures at -20 °C 

were further cultured on PDA for 7 days at 28 °C. The 

harvesting of the fungi spores for inoculation was done using 

autoclaved (121 °C for 15 minutes) water in order to avoid 

contamination with other pathogens. Spore suspension was 

prepared by flooding the Petri dishes with autoclaved water 

and scraping the media surface gently with a spatula tip and 

the concentration adjusted to 1x 106 conidial suspensions per 

ml, after which two months’ healthy cashew seedlings were 

sprayed according to the method described by [39]. The 

control treatment was sprayed with sterile distilled water. 

Before the spray was done, the seedlings were slightly 

bruised as per the pin prick method before the conidial 

suspensions were introduced onto the plants using a small 

hand atomizer. The inoculated seedlings were covered with 

plastic sheets over night to provide relative high humidity 

necessary for fungi conidial germination and infection before 

being maintained in a control environment. The experiment 

was replicated thrice. The setup was monitored daily for 

disease symptoms in order to confirm the Koch’s postulate 

and establish C. gloeosporioides species complex as the 

causal agent of the same disease found in the various orchards 

in the Bono Region. 

D. Incidence and Severity of Diseases 

The incidence of anthracnose/die-back and gummosis 

suspected to be caused by C. gloeosporioides on cashew were 

assessed and expressed in percentage. For anthracnose 

disease incidence, a maximum of 100 leaves per tree were 

evaluated. The evaluation followed a protocol designed for 

cashew powdery mildew by [40]. For gummosis, the presence 

of critically examined gum exudates on the number of 

infected trees were assessed using a formula described by 

[41]. The disease incidence (D.I) was expressed as per 

formula 1 below: 

 

( )
 

100
    

. . %
   

Number of infected cashew trees
D I

Total number of cashew trees
=    (1) 

 

The severity assessment was carried out only on 

anthracnose /die-back infected cashew trees. The severity of 

the disease was based on percentage of necrotized leaf area 

symptoms observed on the cashew trees and scored using a 

scale (5-point score) as described by [41] (Table 1). 

 
TABLE 1: DISEASE SEVERITY MEASUREMENT BASED ON A 5-POINT SCORE 

(0 – 4 SCALE) 

Scale Severity score range Interpretation 

0 < 1 = No infection 
1 1 – 25 = Low infection 

2 26 – 50 = Moderate infection 

3 51 -75 = High infection 
4 >75 = Very high infection 

 

E. Data Analysis 

The data on the incidence and severity of the diseases as 

observed on cashew trees across the visited orchards were 

square root transformed prior to analysis of Variance 

(ANOVA) using statistical software, GenStat release 12th 

Edition [42]. The mean variability among the incidence and 

severity of the diseases from each of the orchards were 

evaluated. The treatment means were separated using Tukey's 

Test and standard error at 0.5% level of significance. The 

results were presented in the form of tables and graphs. 

Pictorial frames of the diseased samples are shown. The 

morphological data on the pathogen characteristics were 

determined using standard mycological identification 

protocols established in the literature and mycological 

identification guide.  

 

III. RESULTS 

A. Symptoms on the Cashew Trees 

During the survey in the various cashew orchards, data on 

number of symptoms observed on the cashew trees suspected 

to be caused by C. gloeosporioides were collected. The 

symptoms were visible on the leaves, stem, tree trunk, 

inflorescences, twigs, flowers, nuts and apples in the form of 

small, circular or irregular yellow, dark or brown water-

soaked spots or lesions on leaves, fruits and flowers, 

depressed or sunken surfaces, especially on the apples, slow 

tip die-back on tree branches, which later resulted in complete 

drying of the tree, withering of twigs from the base, 

defoliation, abortion of cashew flowers, blighted leaves and 

exudation of gum. The exudates were brown or reddish in 

colour (later became black), oozing from the cracks of 

branches and stems or trunk. The affected inner cavities and 

the space between the bark and the trunk were filled with 

brown or reddish fluid. The symptoms on the panicle or 

lateral branches were characterized by longitudinally 

expanded, sunken resinous lesions or wounds. Longitudinally 

splitting the infected branches showed necrotic brown 

streaking vascular tissues. The developed symptoms are 

shown in Fig. 2-8 below. 
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Fig. 2. Anthracnose symptoms on cashew leaves in orchards in the Bono 

region of Ghana. 

 

 
Fig. 3. a: Dead twig of cashew; b: blighted leaves; c: longitudinally split 

infected branch showing necrotic brown streaking vascular tissue. 

 

 
Fig. 4. a: anthracnose inflorescence; b: abortion of cashew flowers.  

c: longitudinally expanded, sunken resinous wounds on lateral branch. 

 

 
Fig. 5. a: Gummosis on cashew tree b: longitudinal sectional area of tree 

bark showing dark necrotic cambium layer with watery brown exudate. 

 
Fig. 6. Farmers showing cashew die-back in their orchards in Atesikrom 

and Amomaso communities. 

 

 
Fig. 7. a: Healthy cashew apples and nuts; b: Anthracnose symptoms on 

cashew apples with sunken alligator skin effect surfaces. 

 

 
Fig. 8. Anthracnose symptoms on cashew showing complete death of nuts 

and apples. 

 

B. Morphological Evaluation and Identification of the 

Pathogen 

The cultural and morphological characteristics of the 

pathogen as observed on the media, showed a greyish-white, 

cottony or woolly colonies. The pathogen was successfully 

isolated from spotted leaves (Fig. 9 a), dead twigs (Fig. 9 b), 

necrotic inflorescence /flowers (Fig. 9 c), exudated tree bark 

(Fig. 9 d), dead nuts and apples (Fig. 9 e) on PDA, aseptically, 

under laminar hood. All the morphological and cultural 

characteristics of the fungus described in this study are in 

accordance with standard mycological description reported 

by [34], [37], [38]. Apart from gummosis infected samples in 

which two pathogens (L. theobromae - data not shown, and 

C. gloeosporioides) were isolated, C. gloeosporioides was 

consistently found to be associated with the all the diseased 

samples collected from different orchards within the 

municipality. 
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Fig. 9 a. Isolation from cashew leaves; b: a greyish-white, cottony or 

woolly colonies of C. gloeosporioides on PDA. 

 

 
Fig. 9 b. Isolation from cashew dead twigs with corresponding colony on 

PDA. 

 

 
Fig. 9 c. Isolation from inflorescence/ flowers with corresponding colony 

on PDA. 

 

 
Fig. 9 d. Isolation from exudated tree bark with corresponding colony on 

PDA. 

 

 
Fig. 9 e. Isolation from dead nuts and apples with corresponding colony on 

PDA. 

 

The growth of the fungi as observed under the microscope 

showed branched, hyaline and septate mycelium (Fig. 10). 

The observed conidia also showed straight, hyaline 

cylindrically shaped structures with round or obtuse ends 

produced on distinctive hyaline conidiophores. Some of the 

conidia were also slightly curved. There were also variations 

in the conidia sizes as taken from different locations with 

some being longer than others, but in all, the conidia sizes 

ranged between 9 -15 up to 20 μm in length and diameter of 

3-6 μm (Fig. 11). Both dry and wet mount methods produced 

the same results with regards to the spores’ examination 

under the microscope, but the dry mount method produced 

intact conidia on the conidiophore as shown in Fig. 11 

following standard mycological identification protocols by 

[30]-[38]. The isolated putative pathogen with all the features 

described above was identified as C. gloeosporioides species 

complex, which was responsible for causing anthracnose, 

gummosis and die-back diseases of cashew trees in the study 

area. 

 

 
Fig. 10. Branched, hyaline and septate mycelium of C. gloeosporioides. 

 

 
Fig. 11. Varied hyaline cylindrical conidia of C. gloeosporioides (40X) 

from different locations. 

 

C. Koch’s Postulate Confirmation and Pathogenicity Test 

The symptoms elicited by C. gloeosporioides on the 

inoculated cashew seedlings in the course of pathogenicity 

test were recorded. The pathogen was able to infect the 

seedling and produce symptoms on the inoculated plants that 

included initial small, circular or irregular yellow, dark or 

brown water-soaked lesions or spots on leaves, limited 

expansion of the lesion with ageing plant, leading to shoot-

hole appearance, lesions on the leaves coalesced together 

with time to form blight and complete death of the seedlings 

(Fig. 12). Leaf defoliation was also observed. All the 

symptoms, except exudation were produced from the 

inoculated seedlings. The sterile distilled water-inoculated 

seedlings, which served as the control, remained healthy and 

symptomless until the experiment ended. The symptoms 
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produced on the inoculated seedlings were similar to those 

observed in all the visited orchards as described by [43]-[45], 

[12]. The pathogen was consistently re-isolated, thereby 

confirming C. gloeosporioides as the causal agent of 

anthracnose and die-back disease of cashew. 

 

 
Fig. 12. Pathogenicity test showing healthy and diseased seedlings after 

inoculation with sterile distilled water and C. gloeosporioides. 

D. Anthracnose Incidence and Severity 

The incidence of anthracnose in the twenty-five orchards 

averaged 22.9% and differed significantly (P < 0.001) among 

the orchards (Table 2). The lowest and highest infections of 

3.0% and 45.8%, respectively were recorded at orchards 

Ant4FARM(Antwirifo) and Kye2FARM (Kyeremansu), 

respectively. Ant4FARM also had lower infections than 

Bad1FARM, Ton2FARM, and Ton4FARM. The infection at 

Agye5FARM was significantly lower than that of 

Kye2FARM. The disease severity also differed significantly 

among the orchards (P = 0.005) and correlated positively with 

the disease incidence (r2 = 0.6412; P < 0.001). It averaged 

1.69 and ranged from the least severity of 0.8 at Ant4FARM 

to the most severity of 2.60 at Kye2FARM. No other 

significant differences were seen.  

E. Incidence of Gummosis on Cashew 

Figure 13 shows the incidence scores for gummosis of 

cashew in the communities investigated. Results showed that 

the incidence scores were within a range of 6.9% at Antwrifo 

to 14.0% at Agyemankrom communities, but no significant 

differences (P = 0.105) were found among the locations. 

 
Fig 13. Incidence of gummosis of cashew in five communities in Dormaa-

Central Municipality of the Bono Region. 

TABLE 2: INCIDENCE AND SEVERITY OF ANTHRACNOSE OF CASHEW IN 25 

ORCHARDS DURING A DISEASE SURVEY IN THE FIVE COMMUNITIES IN THE 

2019/2020 CROPPING SEASON IN THE DORMAA CENTRAL MUNICIPALITY. 

THE DATA IS PRESENTED AS A SQUARE ROOT TRANSFORMATION OF THE 

RAW DATA SHOWN IN PARENTHESES 

Orchard Disease Incidence (%) Disease Severity 

Ant1FARM 4.71 (25.4) abcd 1.35 (2.00) ab 

Ant2FARM 4.37 (19.4) abcd 1.00 (1.00) ab 

Ant3FARM 2.63 (9.8) abc 0.88 (1.00) ab 

Ant4FARM 1.32 (3.0) a 0.80 (0.80) a 

Ant5FARM 3.62 (13.8) abcd 1.00 (1.00) ab 

Agye1FARM 5.64 (35.8) bcd 1.58 (2.60) b 

Agye2FARM 4.18 (18.2) abcd 1.25 (1.60) ab 

Agye3FARM 3.98 (16.8) abcd 1.49 (2.40) ab 

Agye4FARM 3.97 (18.8) abcd 1.15 (1.40) ab 

Agye5FARM 2.40 (8.0) ab 1.25 (1.60) ab 

Bad1FARM 6.23 (40.4) cd 1.46 (2.20) ab 

Bad2FARM 3.68 (14.0) abcd 1.08 (1.20) ab 

Bad3FARM 4.45 (22.2) abcd 1.35 (2.00) ab 

Bad4FARM 3.44 (12.0) abcd 1.00 (1.00) ab 

Bad5FARM 3.95 (16.6) abcd 1.17 (1.40) ab 

Kye1FARM 4.91 (25.8) abcd 1.46 (2.20) b 

Kye2FARM 6.64 (45.8) d 1.60 (2.60) ab 

Kye3FARM 5.70 (33.8) bcd 1.38 (2.00) ab 

Kye4FARM 3.03 (11.1) abcd 1.31 (1.80) ab 

Kye5FARM 4.21 (22.3) abcd 1.40 (2.00) ab 

Ton1FARM 4.04 (19.7) abcd 1.17 (1.40) ab 

Ton2FARM 6.27 (40.0) cd 1.33 (1.80) ab 

Ton3FARM 6.16 (38.8) cd 1.23 (1.60) ab 

Ton4FARM 5.49 (30.4) bcd 1.17 (1.40) ab 

Ton5FARM 4.95 (30.0) abcd 1.43 (2.20) ab 

Grand mean 

CV% 

4.40 

34.8 
(22.9)  1.25 

25.6 
(1.69)  

S.E.D. 0.968   0.20   

P- value <.001   0.005   

CV: Coefficient of variation; SED: Standard error of the differences of 

means; Ant: Antwirifo; Agye: Agyemankrom; Bad: Badukrom; Kye: 

Kyeremansu; Ton: Tonasuano. 
 

IV. DISCUSSION 

Disease symptoms caused by C. gloeosporioides have been 

reported to occur on all aerial parts of cashew [12] but are 

more commonly noticed on the leaves [46]. The observed 

symptoms on different parts of cashew tree in the various 

orchards in Dormaa Central Municipality are in line with 

similar ones reported by [12] and [43] who in their separate 

submissions, indicated that the pathogen has the ability to 

infect cashew inflorescences, young fruits and apples, twigs 

and leaves, resulting in the production of angular lesions, 

blight, leaf drop in severe cases and sunken sub-circular 

symptoms among others. They, including other researchers- 

[44], [45], [12], also reported the role of different 

environmental factors such as rainfall, wind, temperature and 

humidity on the dispersal of these diseases. Similar trends 

have also been observed in this study, where some symptoms 

appeared at the outset of the rains, increased or decreased 

with fluctuating temperature, humidity and heavy rains. In 
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most of the orchards visited, it was observed that, the cashew 

trees produced a lot of flowers, but later on recorded high 

numbers of flower abortion due to the effect of anthracnose 

and in most cases the infected flowers get aborted or blown 

away with any slight rain or wind, leaving exposed skeletal 

twigs (Fig. 4 b), thereby compromising fruit setup and nut 

yield. This observation was corroborated by [44] and [14] 

who reported that when there is high humidity and rainfall 

conditions favouring the pathogen development during the 

flowering stage and cashew nut set, the quality of the kernel 

and the apple (Figs. 7 b; 8) are seriously affected and thereby 

drastically reducing cashew productivity. Also, in line with 

our findings in terms of flower abortion, [47] reported that 

dropping of flowers and young fruits were the main 

measurable damage caused by anthracnose to cashew yield. 

Defoliation, death of inflorescences, necrotic tissues and 

immature nuts abortion have also been reported in severely 

infected adult trees [46]. Others [12] and [14] described 

cashew anthracnose symptoms to include initial grayish 

necrotic lesions on young leaves, which later become reddish 

on the older leaves. They also reported blackening of young 

leaves, which become twisted and fall off under severe 

situations, wilting, falling of flowers and blackened or 

mummified cashew apples. Similar observations were made 

in this study. 

On gummosis, the exudates observed on some of the 

diseased cashew trees in the orchards are in agreement with 

other reports such as [48], [49] and [15], who reported the 

production of resin exudate on cashew trees incited by C. 

gloeosporioides.  

On die-back, our findings are supported by [50] who 

reported symptoms on the cashew twigs to include dark 

brown to black and sunken, extended lesions that finally 

result in regressive die-back. Recurrent die-back has also 

been reported to trigger stag headed symptoms that will 

finally lead to the death of cashew trees, especially at the 

younger stage of plant development [48]. Cashew seedlings 

and shoots die-back have been reported to cause an indirect 

economic loss [48].  

Culturally, the isolated pathogen produced greyish-white, 

cottony or woolly colonies on the PDA media with septate 

hyphae (Fig. 10). This characteristic, typical of this fungus 

has been observed by [51], who reported narrow, sparsely 

septate hyphae that was initially hyaline and turned slightly 

dark with age. Also, grey coloured mycelial have been 

associated with C. gloeosporioides isolates on strawberry 

[52], apple, pecan and peach [53] and mango [54]. The 

examined conidia produced straight, hyaline cylindrically 

shaped structures with obtuse ends connected to hyaline 

conidiophores when in an undisturbed state. The size of the 

conidia was diverse among the municipalities and were 

between 9 -15 up to 20 μm in length and diameter of 3-6 μm. 

These sizes are well within ranges that have been reported in 

the literature. In their work [55], reported variable conidia 

sizes of C. gloeosporioides to be to be 11-16 x 4-6 µm and 

13.8 x 4.8 µm, with rounded ends and11.9-17.0 x 3.6-5.8 µm 

plants include 8.3 to 27.4 µm in length and 2.0 to 6.6 µm in 

width [31], 8-20 x 5-7 µm [57], 6.0-10 × 2.0-2.5 μm [24], 9.0-

24 × 3.0-4.5 μm [58], 12.5- 17.5 × 3.8-7.5 μm [59], 12.1-

18.1× 3.6-8.2 μm [60], 12-16 x 4-6 μm [51], 14.5 - 17 x 4 - 

4.5 μm [52], 13.6 x 5.1 μm [53], 13.2 x 6.0 μm [54], 13-16 

μm x 4-5 μm [61], 17.09 x 7.74 μm, 16.23 x 7.81 μm, 15.94 

x 7.51 μm [62]. It was observed in this study that the sizes of 

the conidia could vary depending on several factors such as 

the type of media used, the composition of the media and how 

it is prepared, the sample location per the prevailing weather 

conditions, as well as, the temperature used in growing the 

cultures. The C. gloeosporioides formae speciales has also 

been reported by [24], who recorded the existence of 

heterogeneity among the groups with huge variation in terms 

of morphology. The variability that exists in conidia 

architecture between C. gloeosporioides isolates in terms of 

morphology and physiology has also been reported by [30], 

[63], [64]. [65] in his work defined the key for 22 species of 

the genus Colletotrichum established on cultural 

characteristics. At present, around 40 species within this 

genus are recognized based on more comprehensive studies 

on morphological, pathogenic dexterity and cultural 

characteristics [66].  

In terms of the shape, we observed conidia that were 

straight, cylindrical, or oblong, had obtuse ends and hyaline 

in nature. Similar features were reported by [67], [68], [32], 

[62], [54], [53], [52]. The morphological characteristics as 

reported here, with supporting literature, provide enough 

evidence to identify C. gloeosporioides species complex as 

the causal agent of cashew diseases in the Dormaa Central 

Municipality of the Bono Region. This assertion was 

supported by the infectivity of cashew seedlings by C. 

gloeosporioides in the pathogenicity test. The pathogen 

induced symptoms such as water-soaked, small circular to 

irregular dark brown or reddish necrotic lesions from the 

initial greyish colour on the leaves, necrotic spots of varied 

sizes on various parts of the leaves, especially from the tip, 

coalesced to form blight, which progressed downwards until 

the whole seedling became dried and died off. Defoliation of 

the leaves and stem lesions was also recorded. Shoot-hole 

appearance (Fig. 12) due to the restricted expansion of the 

lesions was observed and this is in line with [49] who reported 

cracks and holes on cashew leaf limbs as a result of delimited 

expansion of the lesion as the plant ages. [69] in their 

pathogenicity trial on mango seedlings using pathogenic 

isolates of C. gloeosporioides, observed 85 - 90% mortality 

within a period of 2 to 3 months. [70] observed pathogenic 

symptoms development effects of C. gloeosporioides on 

various detached leaves of fruits and vegetables in 

pathogenicity experiment. Also, in a related pathogenicity 

tests on avocado, tomato, strawberry and olive, using conidial 

suspensions (1000x 10 µl droplet and 105) of C. 

gloeosporioides, [71], [72], reported the development of 

necrotic lesions on leaves, stems, petioles and other parts of 

all the inoculated fruits. The symptoms, as a result of the 

infection, have been reported to occur on leaves, fruits and 

seedlings in all stages of plant development and could result 

in seedlings necrosis and death as well as rot in nuts [73], 

[74].  

Also, in agreement with our findings, in terms of 

symptoms development on the inoculated seedlings, is [75] 

who reported the occurrence of lesions of variable sizes on 

the various parts of cashew leaf apex and limbs. Under severe 

infection conditions, the individual spots have been reported 

to coalesce, covering over half of the infected leaf, from the 

tip and progress downwards [49], [75]. Again, infected tender 
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tissues may become crinkle, dry up and drop off with blight 

symptoms [75], [50]. All the symptoms, except exudation 

were produced from the inoculated seedlings in this study. 

The inability of the pathogen to produce exudate on the young 

seedling does not meant the identified pathogen was not one 

of the causal agents of gummosis observed on the infected 

trees in the visited fields. The possible explanation could be 

that, for exudates to form, it may require sufficient time. This 

is evident, during the survey as it was observed that more than 

90% of the trees that produced the exudates were older plants, 

with only very few of the younger plants producing it. It is, 

therefore, not surprising that the inoculated seedlings failed 

to produce exudate before the seedlings died off during the 

experiment. C. gloeosporioides has been described as a 

complex species with variable physiology and pathogenicity 

[46]. The pathogen was consistently re-isolated from the 

inoculated cashew seedlings and thereby confirming the 

pathogenic role of C. gloeosporioides as the causal agent of 

anthracnose and die-back diseases of cashew, thus 

completing Koch’s postulate.  

The disease incidence and severity scores has established 

that the disease is widespread in the municipality. This should 

be valuable information to guide farmers and other 

stakeholders, in particular, to having interventions in place to 

mitigate effects on crop yields. Despite the incidence of 

gummosis in all the municipality, anthracnose has by far been 

considered the most dreadful disease of cashew elsewhere 

[12], [76], [14], thus, may require immediate attention in the 

municipality. Indeed, it registered an incidence of 22.9% 

across the orchards. This is within a range of incidence 

reported India [77], [15]. The variability observed in 

incidence is attributable to varying rainfall, temperature and 

humidity differential that may favoured the pathogen growth 

and development. There is already literature to support 

environmental impact on the pathogenesis of C. 

gloeosporioides. The pathogen has been reported [73] to 

trigger severe damage and seriously decrease peduncle and 

nuts production potential under favourable environmental 

conditions. Reduction in the marketability value of the 

cashew products as a result of damage caused by anthracnose 

at storage has also been reported [68]. In a study on the 

incidence and impact of diseases associated with cashew in 

Nigeria, [78] have implicated C. gloeosporioides as one of 

the many fungi causing the disease, together with the 

evidence of cashew gummosis [79], [80]. 

There is a ghost or little information on the occurrence of 

cashew diseases in Ghana and in most African countries. We 

believe that this work presents the first extensive insight of C. 

gloeosporioides species complex causing number of diseases 

on cashew and its products. The cashew plant might have 

evolved alongside the diseases when the plant was first 

introduced into the country, or as reported by others, it could 

also be attributed to expansion in the cultivation areas, 

monoculture practices, planting of genetically uniform plants 

and an increase in international trade, which could lead to 

overwhelming epidemics in the agroecosystems [81], [82], 

[83]. Anthracnose and the causal agent, C. gloeosporioides 

have been reported to have a wide-reaching distribution 

(incidence), especially in cashew growing areas or regions, 

namely Brazil, Argentina, India, Pakistan, Indonesia, 

Philippines, Florida and Hawaii in the USA, Argentina, Peru, 

Trinidad, South Africa among other countries of the world 

with high rainfall and relative humidity [51], [44], [14]. The 

outbreak of these diseases in cashew orchards could lead to 

both social and economic consequences in the near future 

[84]. 

The severity of anthracnose was 1.69 (on a 0-5-point score) 

and could be considered as low across the orchards for the 

2019/2020 cropping season. Nonetheless, the disease severity 

correlated positively with the disease incidence in our study. 

This may imply that higher incidence was associated with 

higher severity and may point to pathogenic virulence of the 

C. gloeosporioides isolates on cultivars currently grown in 

the orchards visited. Thus, farmers may be encouraged to 

grow other lesser known varieties. Also, high severity can be 

due to favourable environmental conditions, particularly high 

humidity. Indeed, we observed during our field visits, that a 

greater number of orchards were planted at closer spacing 

than the recommended planting spacing of 3 meters by 3 

meters. Closer spacing may create dense canopies, a likely 

precursor for high humid conditions, which may favour a 

more aggressive pathogenesis. Perhaps, adherence to 

recommended agronomic practices may help reduce disease 

severity in the municipality. A number of publications have 

reviewed the relationship that exist between incidence and 

severity of many pathosystems [85], [86]. In line with the 

relationship that exists between incidence and severity, 

anthracnose leaf incidence has been found to be consistently 

connected with leaf severity [14]. 

 

V. RECOMMENDATION 

In view of the little information on the diseases of cashew 

in Ghana, there is the need to conduct wider surveys, covering 

the entire cashew growing regions of the country to identify 

different species of pathogens that are limiting cashew 

production, using both morphological combined with the 

molecular tools for more in-depth and accurate identification 

of the pathogens to species level. 

Morphologically and culturally, the pathogen was 

identified as C. gloeosporioides species complex, meanwhile, 

this complex consists of at least six distinct species. Although 

many of the species in this group could not be reliably 

distinguished using ITS region of the pathogen, identification 

using both molecular (e.g. using specific primer and RAPD) 

and morphological methods, will help to segregate this 

complex to species level as well as determine the diversity 

that exists among the numerous isolates that will be collected 

from different locations, and this will warrant application of 

specific management strategies for their control in order to 

reduce cost.  

 

REFERENCES 

[1] USDA Foreign Agricultural Service, Global Agricultural Information 

Network, GAIN Report Number:GH1205, 2012.  

[2] Paiva, J.R., Barros, L.de M., and Cavalcanti, J.J.V. Cashew 
(Anacardium occidentalale L.) breeding: a global perspective. In: S.M.; 

Priyadarshan, P.M. (Ed.) Breeding plantation tree crops: tropical 

species. Amsterdam: Springer, Chap.9. p.287-324, 2009. 
[3] Salam, M. A., and Peter, K. V. Cashew - A Monograph. New Delhi: 

Studium Press (India) Pvt. Ltd, p. 257, 2010. 



    EJFOOD, European Journal of Agriculture and Food Sciences 

Vol. 2, No. 6, November 2020 

 

DOI: http://dx.doi.org/10.24018/ejfood.2020.2.6.146   Vol 2 | Issue 6 | November 2020 9 
 

[4] Zheng, S., and Luo, J. The overview and prospects for production and 

marketing of cashew nut in the world. Asian Agricultural Research, 

India, v.5, n. 8, p. 1-4, 2013. 

[5] Sindicaju. Homepage of the “Sindicato das Indústrias de 

Beneficiamento de Castanha de Caju e Amêndoas do Estado do Ceará 

– Exportação”. http://www.sindicaju.org.br/site/exportacao.html, 
2008. 

[6] Aliyu, O. M. Compatibility and fruit set in cashew (Anacardium 

occidentale L.). Euphytica 160, 25–33. doi: 10.1007/s10681-007-9517-
0, 2008. 

[7] Food and Agricultural Organization of the United Nations. FAO 

Statistics Division: Food and Agricultural commodities 
production/Countries by commodity. AvailbleAvailable at: 

http://faostat3.fao.org/browse/rankings/countries_by_ commodity/E 

[accessed July 23, 2020], 2012a. 
[8] World Bank. Para além da castanha de caju: Diversificação através do 

comércio. Washington DC: World Bank, 2010. 

[9] Food and Agricultural Organization of the United Nations. FAO 
Statistical Yearbook 2012 AFRICA Food and Agriculture. Accra: 

Regional Office for Africa, p. 280, 2012b. 

[10] Ghana Statistical Service. USDA-GAIN Report GH1205, 2011. 
[11] Cuadros-Orellana, S., Leite, L. R., Smith, A., Medeiros, J. D., Badotti, 

F., Fonseca, P. L. C., et al. Assessment of fungal diversity in the 

environment using metagenomics: a decade in review. Fungal Genome 
Biol. 3, 110, 2013. 

[12] Freire, F. C. O., Cardoso, J. E., dos Santos, A. A., and Viana, F. M. P. 

Diseases of cashew nut plants (Anacardium occidentale L.) in Brazil. 
Crop Prot. 21, 489–494. doi: 10.1016/S0261-2194(01)00138-7, 2002. 

[13] Sijaona, M.E.R., Reeder, R.H., Waller, J.M. New rapport Cashew leaf 

and nut blight – A new disease of cashew in Tanzania caused by 
Cryptosporiopsis spp. Plant pathology,55(4):576, 2006. 

[14] Uaciquete, A., Korstenb, L., and Van der Waals, J. E. Epidemiology of 

cashew anthracnose (Colletotrichum gloeosporioides Penz.) in 
Mozambique. Crop Prot. 49, 66–72, doi: 

10.1016/j.cropro.2013.02.016, 2013. 
[15] Akhtari, K., Ashirbad M., Kunja, B.S. Major diseases of cashew 

(Anacardium Occidentale L.) Caused by fungi and their control in 

Odisha, India, International Journal of Biosciences, Vol. 11, No. 1, p. 
68-74, 2017. 

[16] Ghini, R., Bettiol, W., and Hamada, E. Diseases in tropical and 

plantation crops as affected by climate changes: current knowledge and 
perspectives. Plant Pathol. 60, 122–132. doi: 10.1111/j.1365-

3059.2010.02403.x, 2011. 

[17] Choi, O. et al. Spot anthracnose disease caused by Colletotrichum 
gloeosporioides om Tulip tree in Korea. Mycobiology, v. 40, n.1, p. 

82-84, 2012. 

[18] Damm, U. et al. Colletotrichum: species, ecology and interactions. 
IMA Fungus, v.1, n. 2, p. 161-165, 2010. 

[19] Schrenk, H. and Spaulding, P. The bitter rot of apple. Science New 

York.,17:750- 751, 1903. 
[20] Comé, Mateus J. osé. Colletotrichum species associated with 

anthracnose of cashew tree/Mateus Jose Come. – Lavras: UFLA, 73 

p.:il, 2014. 
[21] Gan, P., Ikeda, K., Irieda, H., Narusaka, M., O’Connell, R.J., Narusaka, 

Y., Shirasu, K. Comparative genomic and transcriptomic analyses 

reveal the hemibiotrophic stage shift of Colletotrichum fungi. New 
Phytol,197(4):1236–1249, 2013. 

[22] O’Connell, R.J., Thon, M.R., Hacquard, S., Amyotte, S.G., Kleemann, 

J., Torres, M.F., Vaillancourt, L.J. Lifestyle transitions in plant 
pathogenic Colletotrichum fungi deciphered by genome and 

transcriptome analyses. Nat Genet, 44:1060–1065. doi:10.1038/ng. 

2372, 2012. 
[23] Hyde, K.D. et al. Colletotrichum: names in current use. Fungal 

Diversity, v, 39, p. 147-182, 2009. 

[24] Sutton, B.C. The genus Glomerella and its anamorph Colletotrichum. 
In Colletotrichum: biology, pathology and control (eds. J.A. Bailey and 

M.J. Jeger). CAB International: Wallingford, 1-26, 1992. 

[25] Ivey, M.L.L., Nava-Diaz, C., Miller, S.A., Identification and 
Management of Colletotrichum acutatum on immature Bell Peppers. 

Plant Dis. 88, 1198-204, 2004. 

[26] MacLean, D.J., Braithwaite, K.S., Manners, J.M. and Irwing, J.A.G. 
How do we identify and classify fungal pathogens in the era of DNA 

analysis. Advances In Plant Pathology, 10: 207-244, 1993. 

[27] Armesto, C. Variabililidade biologica e molecular de Colletotrichum 
gloesporioides em Cafeeiro. PhD. thesis. Universidade Fedral de 

Lavras- UFLA. 101p, 2013. 

[28] Monteiro, F., Romeiras, M.M., Figueiredo, A., Sebastiana, M., Baldé, 
A., Catarino, L. and Batista, D. Tracking cashew economically 

important diseases in the West African region using metagenomics. 

Front. Plant Sci. 6:482. doi: 10.3389/fpls.2015.00482, 2015. 

[29] Choi, G.H., Larson, T.G., and Nuss, D.L. Molecular analysis of the 

laccase gene from the chestnut blight fungus and selective suppression 

of its expression in an isogenic hypovirulent strain/ Molecular plant-

microbial interactions, 5, 119–128,1992. 

[30] Von Arx J.A. Die Arten der Gattung Colletotrichum Cda. Phytopath 

Zeitschrift.,29:414-468, 1957. 
[31] Palo, M.A. Sclerotium seed rot and seedling stem rot of mango. The 

Philippines Journal Science, 52(3):237-261, 1932. 

[32] Sattar, A., and Malik, S.A. Some studies on anthracnose of mango 
caused by Glomerella cingulata (Stonem.) Spauld. Sch. 

(Colletotrichum gloeosporioides Penz.). India Journal Agriculture 

Science, 1:511-521, 1939. 
[33] Prabakar, K., Raguchander, T., Parthiban, V.K., Muthulakshmi, P., 

Prakasam, V. Post harvest fungal spoilage in mango at different levels 

marketing. Madras Agricul J. 92: 42-48, 2005. 
[34] Pandey, A., Yadava, L.P., Manoharan, M., Chauhan, U.K., Pandey, 

B.K. Effectiveness of cultural parameters on the Growth and 

sporulation of Colletotrichum gloeosporioides causing anthracnose 
disease of Mango (Mangifera indica L.) OnLine J Biol Sc 12: 123-133, 

2012. 

[35] Varadarajan, P.D. Anthracnose disease of R. serpentina Benth. caused 
by Colletotrichum gloeosporioides (Penz). Curr Sc, 33: 564-565, 1964. 

[36] Venkataravanappa, V. Studies on mango annthracnose disease caused 

by Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. M.Sc. 
(Agri.) Thesis, University of Agriculture Sciences, Bangalore, India, 

2002. 

[37] Basnayake, M.D.V.R., Wijesundera, R.L.C., Jayasinghe, C.K. A leaf 
disease of Murraya koenigii caused by Colletotrichum gloeosporioides. 

Ind Phytopathol, 53: 495-497, 2000. 

[38] Gautam, A.K., Avasthi, A., Bhadauria, R. First report of anthracnose 
caused by Colletotrichum gloeosporioides on Boehravia diffusa in 

India. Arch Phytopathol, Pl Protect, 45: 2502-2506, 2012. 

[39] Fitzell, R. D. Colletotrichum acutatum as a cause of anthracnose of 
mango in New South Wales. Plant Dis. Reporter, 63, 1067-1070, 1979. 

[40] Nathaniels, N.Q.R. Short communication. Methods, including visual 
keys for assessment of cashew powdery mildew (Oidium anacardii 

Noack) severity. Int. J. Pest Manag. 42, 199-05, 1996. 

[41] Chaube, H.S. and Pundhir, V.S. Crop Diseases and Their Management. 
Printice – Hall of India, New Delhi 11001, 703pp, 2005. 

[42] Payne, R.W., Murray, D.A., Harding, S.A., Baird, D.B., Soutar, D.M. 

GenStat for Windows, 12th Edition. Introduction. VSN International 
Ltd., Hemel Hempstead, Hertfordshire, UK, 2009. 

[43] Lopez, A. M. Q., and Lucas, J. A. Colletotrichum isolates related to 

anthracnose of cashew trees in Brazil: morphological and molecular 
description using LSU rDNA sequences. Braz. Arch. Biol. Technol, 53, 

741–752. doi: 10.1590/S1516-89132010000400001, 2010. 

[44] Cardoso, J. E., Viana, J. M. P., Freire, F. C. O., and Martins, M. V. V. 
“Doenças do cajueiro,” in Agronegócio Caju—Práticas e Inovações, 

ed. J. P. P. Araújo, Brasília: Embrapa, 217–238, 2013. 

[45] Ntahimpera, N., Wilson, L. L., Ellis, M. A., and Madden, L. V. 
Comparison of rain effects on splash dispersal of three Colletotrichum 

species infecting strawberry. Phytopathology, 89, 555–563. doi: 

10.1094/PHYTO.1999.89.7.555, 1999.  
[46] Freire, F.C.O., Cardoso, J.E. Doenças do cajueiro. In: Freire, F.C.O., 

Cardoso, J.E., Viana, F.M.P. (Eds.), Doenças de Fruteiras tropicais de 

interesse agroindustrial. Embrapa, Informação Tecnica, Brasília, 
Brasil, pp. 192-225, 2003. 

[47] Oliveira, V.H. Sistemas de Producao I. Cultivo do Cajueiro Anao 

Precoce. Embrapa-Agroindustria Tropical, Fortleza, 40 p, 2002. 
[48] Milheiro, A.V. and Evaristo, F.N. Manual do cajueiro. Cultivar. 

Associacao de Tecnicos de Culturas Tropicais, Porto, 204 p, 1994. 

[49] Cardoso, J.E. and Freire, F.C.O. Identificacao e manejo das principais 
doencas. in: Caju fitossanidade. Melo, Q.M.S. (Ed.), Embrapa 

Informacao Tecnologica, Brasilia, Pages 41-56, 2002. 

[50] Ikisan. Cashew. Crop information. Tttp://www.Ikisan.com. January 27, 
2008, 2000. 

[51] Smith, B.J. and Black, L.L. Morphological, cultural and pathogenic 

variation among Colletotrichum species isolated from strawberry, Plant 
Disease, 74: 69-76, 1990. 

[52] Gunnell, P.S. and Gubler, W.D. Taxonomy and morphology of 

Colletotrichum species pathogenic to strawberry. Mycologia, 84(2): 
157-165, 1992. 

[53] Bernstein, B., Zehr, E. I., Dean, R. A., Shabi, E. Characteristics of 

Colletotrichum from peach, apple, pecan and other hosts. Plant Dis., 
79,478-482, 1995. 

[54] Afanador-Kafuri, L., Minz, D., Maymon, M., Freeman, S. 

Characterization of Colletotrichum isolates from tamarillo, passiflora, 
and mango in Colombia and identification of a unique species from the 

genus. Phytopath, 93, 579-587, 2003. 



    EJFOOD, European Journal of Agriculture and Food Sciences 

Vol. 2, No. 6, November 2020 

 

DOI: http://dx.doi.org/10.24018/ejfood.2020.2.6.146   Vol 2 | Issue 6 | November 2020 10 
 

[55] Bose, S.K., Sindhan, G.S. and Pandey, B.N. Studies on the die back 

disease of mango in the Tarai region of Kumaon. Progressive 

Horticulture., 5:41-53, 1973. 

[56] Simmonds, J.H. A study of the species of Colletotrichum causing ripe 

fruit rots in Queensland. Queensland Journal of Agriculture and 

Animal Science, 22:437- 459, 1965. 
[57] Sattar, A. and Malik, S.A. Some studies on anthracnose of mango 

caused by Glomerella cingulata (Stonem.) Spauld. Sch. 

(Colletotrichum gloeosporioides Penz.). India Journal Agriculture 
Science, 1:511-521. 1939. 

[58] Valencia-Botin, A.J., Sandoval-Islas, J.S., Cardenas-Soriano, E., 

Michailides, T.J. and Rendon-Sanchez, G. Botryosphaeria dothidea 
causing stem spots on Hylocereus undatus in Mexico. Plant 

Patholology, 52, 803-803, 2003. 

[59] Palmateer, A.J., Ploetz, R.C., Santen, V.E. and Corell, J.C. First report 
of anthracnose caused by C. gloeosporioides on Pitahaya. Plant 

Disease, 91(5), 631, 2007. 

[60] Takahashi, L.M., Rosa, D.D., Basseto, M.A., Souza De, H.G. and 
Furtado, E.L. First report of C. gloeosporioides on Hylocereus 

megalanthus in Brazil. Australian Plant Disease Notes, 3, 96-97, 2008. 

[61] Satapathy, R.R and Beura S.K. Survey and occurrence of cashew 
anthracnose disease under Odisha condition. International Journal of 

Chemical Studies, 7 (4), 579-580, 2019. 

[62] Ekbote, S.D. Studies on anthracnose of mango (Mangifera indica L.) 
caused by Coleltotrichum gloeosporioides (Penz.) Penz. and Sacc., 

MSc Thesis, Univ. Agric. Sci., Dharward, 101p. 1994. 

[63] Zivkovic, S., Sasa, S., Ivanovic, Z., Trkulja, N., Dolovac, N., Aleksic, 
G., and Balaz, J. Morphological and molecular identification of 

Colletotrichum acutatum from tomato fruit/ The Journal of pesticides 

and phytomedicine, 25(3), 231-239, 2010.  
[64] Joshi, M.S., Sawant, D.M., Gaikwad, A.P. Variation in fungi toxicant 

sensitivity of Colletotrichum gloeosporioides isolates infecting fruit 

crops. ISABB J Food Agr Sci., 3:6–8, 2013. 
[65] Sutton, B.C. The Coelomycetes. Commonwealth Mycological 

Institute, Kew, London, 1980. 
[66] Cannon, P.F., Bridge, P.D. and Monte, E. Linking the past, present, and 

future of Colletotrichum systematics. In: Colletotrichum: Host 

Specificity, Pathology, and Host-Pathogen Interaction. (Eds.) D. 
Prusky, S. Freeman, and Martin B. Dickman, APS Press, St. Paul, 

Minnesota, pp. 1-20, 2000. 

[67] Baxter, Alice, P. G.C.A Van Der Westhuizen, and Eicker A. A review 
of literature on the taxonomy, morphology, and biology of the fungal 

genus Colletotrichum. Phytophylactica., 17:15-18, 1985. 

[68] Freeman, S., Katan, T. and Shabi, E. Characterization of 
Colletotrichum species responsible for anthracnose diseases of various 

fruits. Plant Disease, 82, 596-605, 1998. 

[69] Gupta, V.K., Pandey, A., P Kumar, P., Pandey, B.K., Gaur, R.K., 
Bajpai, V., Sharma, N., and Sharma, S. Genetic characterization of 

mango anthracnose pathogen C. gloeosporioides Penz. by random 

amplified polymorphic DNA analysis. African journal of 
biotechnology, 9(26), 4009-4013, 2010. 

[70] Meenakshi, S. and Saurabh, K. Morphological and pathogenicity assay 

of colletotrichum gloeosporioides – an anthracnose causing pathogen 
of fruits and vegetables, International Journal of Agricultural Science 

and Research (IJASR) ISSN(P): 2250-0057; ISSN(E): 2321-0087 Vol. 

5, Issue 4, 131-138, 2015. 
[71] Hwang, C.S., Flaishamn, M.A., and Kolattukudy, P.E. Cloning of a 

gene expressed during appressorium formation by Colletotrichum 

gloeosporioides and a marked decrease in virulence by disruption of 
this gene. Plant cell, 7, 183-193, 1995. 

[72] Talhinhas, P., Sreenivasaprasad, S., Martins, J.N., and Oliveira, H. 

Molecular and phenotypic analyses reveal association of diverse 
Colletotrichum acutatum groups and a low level of C. gloeosporioides 

with olive anthracnose. Journal of applied and environmental 

microbiology, 71(6), 2987-2998, 2005. 
[73] Dendena, B., Corsi, S. Cashew, from seed to market: A review Agron. 

Sustain. Dev. 34:753, 2014. 

[74] [74] Sarkar, A.K. Anthracnose diseases of some common medicinally 
important fruit plants. J. Med. Plants, 4(3):233-236, 2016. 

[75] Ponte, J.J. Doencas do cajueiro no Nordeste Brasileriro. Documento 

10. EMBRAPA- Department de Difusao de Tecnologia. Brasilia, 51 p, 
1984. 

[76] Araújo, J. P. P. (ed.). Agronegócio Caju: Práticas e inovações. Brasília: 

Embrapa, p. 532, 2013. 
[77] Satapathy, R.R. and Beura, S.K. Survey and occurrence of cashew 

anthracnose disease under Odisha condition. International Journal of 

Chemical Studies,7 (4), 579-580, 2019. 
[78] Otuonye, A. H., Agbeniyi, S. O., Otuonye, T. C., and Muyiwa, A. A. 

Isolation and identification of fungi associated with cashew 

(Anacardium Occidentale L.) leaf spot disease. Compr. Res. J. Agric. 

Sci., 2, 34–39, 2014. 

[79] Adejumo, T. O. Effect of NPK fertilization on yield and inflorescence 

blight of cashew (Anacardium occidentale). J. Agric. Biotech. Sustain. 

Dev., 2, 66–70, 2005. 

[80] Adeniyi, D. O., Orisajo, S. B., Fademi, O. A., Adenuga, O. O., and 
Dongo, L. N. Physiological studies of fungi complexes associated with 

cashew diseases. ARPN J. Agric. Biol. Sci., 6, 34–38, 2011.  

[81] Desprez-Loustau, M. L., Robin, C., Buée, M., Courtecuisse, R., 
Garbaye, J., Suffert, F., et al. The fungal dimension of biological 

invasions. Trends Ecol. Evol., 22, 472–480, doi: 

10.1016/j.tree.2007.04.005, 2007. 
[82] Gladieux, P., Guérin, F., Giraud, T., Caffier, V., Lemaire, C., Parisi, L., 

et al. Emergence of novel fungal pathogens by ecological speciation: 

importance of the reduced viability of immigrants. Mol. Ecol., 20, 
4521–4532, doi: 10.1111/j.1365- 294X.2011.05288.x, 2011. 

[83] Silva, D. N., Talhinhas, P., Cai, L., Manuel, L., Gichuru, E. K., 

Loureiro, A., et al. Host-jump drives rapid and recent ecological 
speciation of the emergent fungal pathogen Colletotrichum kahawae. 

Mol. Ecol., 21, 2655–2670, doi: 10.1111/j.1365-294X.2012.05557.x, 

2012. 
[84] Catarino, L., Menezes, Y., and Sardinha, R. Cashew cultivation in 

GuineaBissau—risks and challenges of the success of a cash crop. Sci. 

Agric., 72, 2015. 
[85] Silva-Acuna, R., Maffia, L.A., Zambolim, L., Berger, R.D. Incidence-

severity relationships in the pathosystem Coffea arabica-Hemileia 

vastatrix. Plant Dis., 83, 186e188, 1999. 
[86] Cardoso, J. E., Santos, A. A., Rossetti, A. G., and Vidal, J. C. 

Relationship between incidence and severity of cashew gummosis in 

semiarid northeastern Brazil. Plant Pathol. 53, 363–367, doi: 
10.1111/j.0032-0862.2004.01007.x, 2004. 

 


