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1. Introduction 
Annona muricata L., commonly called soursop is of the Annonaceae family (Moreira et al., 2018). It is recognised 

as one of nature's resources due to its medicinal value (Adeola & Aworth, 2010). Soursop, a popular fruit, which originated 
from the Caribbean and Central America, is spreading throughout many tropics and other parts of Africa, including the 
Southern part of Nigeria (Morton, 1987; Sulaiman et al., 2012; Ajayi et al., 2015). It was affirmed by Vwioko et al. (2013) as 
a rich powerhouse of nutrients containing a number of anti-oxidant compounds. Nevertheless, it is limited by post-harvest 
diseases due to the activities of micro-organisms, especially fungi, thereby leading to a reduction in market value (Umme 
et al., 1999; Amusa et al., 2005; Ikegwu & Ekwu, 2009; Chukwezi, 2010; Vwioko et al., 2013).  

Saranraj et al. (2016) estimated that about 20% of harvested fruits are lost through microbial spoilage, causing 
one or more of 50 market diseases associated with soursop. Hernandez-Guerrero et al. (2020) stated that fruits (especially 
tropical ones) are susceptible to microbial attack and diseases caused by fungi represent up to 70% of the total losses 
during post-harvest storage. Generally, the impact of diseases caused by microbes on agricultural food crops has increased 
worldwide, which has led to a loss of appreciable fruit quality. 

A research by Baiyewu et al. (2007) revealed that between 15 and 40% of soursop fruits displayed for sale in 
Nigerian markets showed symptoms of microbial infection and these infected fruits, which are sold at lower prices, are 
preferred by low-income earners. Meanwhile, storage conditions are often seen as a major force that brings about the 
spread of fungal diseases, which leads to large-scale fruit spoilage, thereby affecting the availability of soursop fruits in 
Nigeria (Ogwu et al., 2016). Several fungal symptoms, such as dry rot, soft, etc., that are caused by pathogens like 
Colletotrichum, Fusarium, Botrytis, Rhizopus and Penicillium that affect the quality of the fruits in storage have been 
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Abstract:  

Annona muricata L. (soursop) fruit, consumed globally, is highly susceptible to attack by fungal organisms. Fungal 
fruit rots' impact on Annona muricata is gradually increasing globally, with distribution in tropical areas, including 
southern Nigeria, resulting in reducing market availability and fruit quality. This study was aimed at surveying the 
post-harvest disease symptoms associated with Annona muricata fruits displayed for sales and the disease incidence-
severity, which indicates the extent of the damage caused by the symptoms. Soursop fruit samples in Port Harcourt 
Local Government Area (PHALGA) and Obio-Apkor Local Government Area in Rivers State, Nigeria, were surveyed. 
Each fruit was scored on a disease severity scale of 0–4 (0% no disease), (1–25% trace of disease), (25–50% light 
disease), (50–75% moderate disease) and (75–100% severe disease). The data obtained were subjected to Analysis of 
Variance (ANOVA) and Duncan’s Multiple Range Test (DMRT) at 5% level of probability using LSD (Least Significant 
Difference). The study revealed that Annona muricata fruits were dominated by fungal disease symptoms of dry rot, 
soft rot, anthracnose, powdery mildew and diplodia fruit rot. There was no significant difference between location 
pairs for all disease symptoms of incidence and severity of Annona muricata, respectively. Fungal diseases at the post-
harvest stage pose a threat to storage durability, distribution and market availability of fruits. 
 
Keywords: Annona muricata, Disease incidence-severity, Post-harvest fungal disease, survey  
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reported in Nigeria and different parts of the world (Palemón & Alberto et al., 2019; Ntsoane et al., 2019; Cambero-Ayón, 
2019; Hernandez-Guerrero et al., 2020). Quality of information regarding the incidence and severity of soursop fungal 
diseases and the extent of the damage caused by these diseases cannot be over-emphasised, as diseases have led to great 
losses to growers. 

Thus, just as fruits are seen as an important component of the human diet which contains vital sources of 
nutrients and food value, they also have serious challenges to their existence, especially post-harvest losses that occur 
after harvest. Observations from market surveys have shown that consumers overlook several disease symptoms on fruit 
displayed for sale without considering the effect of these micro-organisms on human health. Therefore, the objectives of 
this study are:  

• Carry out a survey of post-harvest disease symptoms associated with Annona muricata fruits displayed for sale,  
• Calculate the disease incidence and disease severity using Wheeler's (1969) method.  

This study will reveal the distribution, prevalence and extent of the damage caused by the disease, thereby 
providing valuable information on their impact, which is of paramount importance to the design and development of 
effective management strategies. 
 

2. Materials and Methods 
 

2.1. Disease Survey and Sample Collection 
The disease survey was conducted in some selected Local Government Areas in Rivers State, Nigeria (Figure 1). 

Surveys were carried out from different market locations in PHALGA and Obio-Apkor Local Government Areas, 
respectively. The symptoms of different diseases were observed and evaluated. The total number of diseased fruits, the 
disease incidence and disease severity were recorded. The mean value of the infected fruits was used to calculate the 
disease incidence and severity. The fruits of Annona muricata used in the study are presented in figure 2. The disease 
incidence and severity were calculated on a scale of 0-4, where 0% is no disease and 4 is 100%, using Wheeler's (1969) 
formula as shown below:      
Disease incidence (DI) = n/N × 100% 
DI = Number of infected fruits (n) × 100% 
      Total Number of fruits Observed (N) 
Where; DI = Disease Incidence, 
  n = number of fruits showing symptoms, and  
N = the total number of fruits observed 
Disease severity (DS) =     Sum of all Disease rating  × 100 
       Total Number of Fruits Observed × maximum rating value 
 

2.2. Data Analysis 
The whole fruit was considered 100%, whereas visual or eye estimation was used for Disease severity (DS) 

calculation of the infected area of the fruit. Anthracnose, diplodia fruit rot, dry rot, powdery mildew and soft rot often 
associated with Rhizopus sp., Aspergillus sp., Lasiodiopodia sp. (Cambero-Ayon et al., 2019) were evaluated in the post-
harvest condition observed in the markets locations. Data were analysed for descriptive statistics following Microsoft 
Excel package program and subjected to an Analysis of Variance (ANOVA) to determine and assess the statistically 
significant differences among the samples. The separated means were subjected to Least Significant Difference (LSD 0.05) 
for multiple comparisons.  

 

 
Figure 1: Map of Rivers State Showing the Local Government Area Samples  
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Figure 2: Soursop Fruits 

 

3. Results 
 

3.1. Major Fungi Disease Symptoms Observed on Annona muricta Fruits during Survey  
A total of five fungal symptoms were identified on sampled A. muricata fruits in the study areas. The symptoms 

were dry rot, soft rot, powdery mildew, anthracnose and diplodia fruit rot (Figure 3). 
 

 
Figure 3: Symptoms Observed on Annona muricata Fruits  

(a: Dry rot; b: Soft rot; c: Powdery mildew, d: Anthracnose, e: Diplodia fruit rot) 
 

3.2. Disease Incidence and Severity of Annona muricata Fruits across the Market Locations in the Selected Local Government 
Areas in Rivers State 

Across the different locations, the major disease incidence observed on A. muricata fruits were dry rot (20.28%), 
soft rot (16.02%), anthracnose (4.38%), powdery mildew (3.09%) and diplodia fruit rot (1.59%) as shown in table 1. A 
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high disease Severity of Dry rot (12.84%) on the fruits was seen in Rumuo-Woji community, followed by (11.74%) in Ora-
Abali community and 8.67% in Rumuo-Lumeni Community. Soft rot recorded a high severity of (11.88%), followed by 
powdery mildew (2.17%) in Rumuo-Woji and anthracnose (3.29%) in Rumuo-Masi community. Diplodia fruit rot 
dominated in Ogbunabali community, recording a disease severity of 1.59%, as shown in table 2. Disease incidence and 
severity revealed that the different locations are not significantly different at (P > 0.05) for all disease symptoms observed 
on Annona muricata, respectively. Data illustrating the statistically significant difference in incidence and severity for the 
different locations are presented in figures 4 & 5. 
 

Communities Dry Rot Soft Rot Powdery 

Mildrew 

Anthrancose Diplodia 

Fruit Rot 

ORA-ABALI 17.35±4.74a 9.52±5.79a 0.95±0.95a 3.7±3.7a 0±0a 
RUMUO-WOJI 20.28±7.29a 16.02±7.29a 2.9±2.9a 1.19±1.19a 0±0a 
OGBUNABALI 13.09±3.99a 6.38±1.59a 0±0a 1.75±1.75a 1.59±1.59a 

RUMUO-MEME 7.07±2.04a 3.03±3.03a 3.09±1.63a 3.7±3.7a 0±0a 
RUMUO-LUMENI 16.62±1.19a 5.93±2.97a 1.59±1.59a 1.45±1.45a 0±0a 

RUMUO-MASI 8.21±4.26a 7.56±1a 2.08±2.08a 4.38±2.2a 0±0a 
LSD Value 9.6 9.3 3.9 5.6 1.4 
F-Statistic 1.453 1.091 0.442 0.296 1 

p-value 0.275 0.414 0.811 0.906 0.458 
Decision Not Significant Not Significant Not Significant Not Significant Not Significant 

Table 1: Diseases Incidence of Annona Muricata at Different Locations 
Row Mean ± Standard Error with Same Alphabet Is Not Significant According to Duncan’s  
Multiple Range Test (DMRT) At 5% Level of Probability.  LSD-Least Significant Difference 

 

Communities Dry Rot Soft Rot Powdery 

Mildrew 

Anthrancose Diplodia Fruit 

Rot 

ORA-ABALI 11.74±3.29a 6.03±3.37ab 0.71±0.71a 2.78±2.78a 0±0a 
RUMUO-WOJI 12.84±3.58a 11.88±4.72b 2.17±2.17a 0.89±0.89a 0±0a 
OGBUNABALI 8.47±1.75a 5.18±1.59ab 0±0a 1.75±1.75a 1.59±1.59a 

RUMUO-MEME 4.84±1.75a 1.52±1.52a 1.08±0.56a 2.31±2.31a 0±0a 
RUMUO-LUMENI 8.67±0.79a 3.36±1.97ab 0.52±0.52a 0.72±0.72a 0±0a 

RUMUO-MASI 5.76±2.92a 4.87±0.15ab 1.04±1.04a 3.29±1.65a 0±0a 
LSD Value 5.6 5.8 2.3 4.0 1.4 
F-Statistic 1.539 1.753 0.463 0.313 1 

p-value 0.250 0.197 0.797 0.896 0.458 
Decision Not 

Significant 
Not 

Significant 
Not Significant Not Significant Not Significant 

Table 2: Diseases Severity of Annona Muricata at Different Locations 
Row Mean ± Standard Error with Same Alphabet Is Not Significant According to  

Duncan’s Multiple Range Test (DMRT) at 5% Level of Probability.  LSD- Least Significant Difference 
 

 
Figure 4: Diseases Incidence of Annona muricata Fruits at Different Locations 
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Figure 5: Diseases Severity of Annona muricata Fruits at Different Locations 

 

4. Discussion 

Fruits are recognised as high-value food because they contain nutrients such as amino acids, vitamins, dietary 
fibres, proteins (food energy), and minerals (Vwioko et al., 2013). Investigations in similar studies involving post-harvest 
spoilage and fruit deterioration due to microbial activities have been strongly documented, illustrating various severe 
economic losses significant to fruit rots (Youssef et al., 2022; Ciofini et al., 2022). Analysis revealed disease symptoms of 
dry rot, soft rot, powdery mildew, anthracnose and diplodia fruit rot. Post-harvest symptoms of Annona muricata fruits in 
storage convey that rot occurrence is not significantly different at P > 0.05 despite the degrees of infection.   

Anthracnose is seen as an essential primary disease affecting several fruits of soursop, leading to huge economic 
loss, loss of storage durability and availability (Kiprop et al., 2020; González-Ruíz et al., 2021; Ciofini et al., 2022). An 
investigation reported by Onyeani and Amusa (2015) showed that fruit decay and deterioration by Anthracnose is 
responsible for a serious threat to fruit availability and marketing in Nigeria. The symptoms of anthracnose observed in 
this study were characterised by occurrence in the form of sunken brown to black spots on the fruit surface. Its impact 
seems to be at its peak during post-harvest storage owing to serious fruit damage (Ciofini et al., 2022). Anthracnose has 
been reported to be associated with the disease of several fruits, amounting to 30-40% loss of marketable products 
(Maqbool et al., 2010; Darshan et al., 2019). Thus, anthracnose can present a severe post-harvest disease infection on 
fruits, especially in regions with favourable environmental conditions (Arauz, 2000; Ciofini et al., 2022). 

Anthracnose, caused by Colletotrichum sp., was reported as a common disease of many medicinally important 
fruits, including banana, mango, avocado, passion fruit, citrus, coffee fruits, etc. (Sarkar, 2016; Serrato-Diaz, 2020). The 
anthracnose pathogen showcases a unique nature during infection due to its pathogenic variability (diversity), especially 
to ripe fruits after harvest, thus leading to a huge economic loss during storage and transport (Sarkar, 2016). Dembele et 
al. (2019) confirmed mango anthracnose as one of the most recorded important disease threats to production and 
marketing, indicating that infection was initiated in the field and remained latent until fruits were repining during storage. 
Kimaru et al. (2018) revealed that the anthracnose disease of avocado contributes to a huge loss of avocado fruits due to 
post-harvest rot limiting shelf life.  

Powdery mildew, a commonly encountered fungal disease affecting fruits, strives mostly in a moist or warm 
environment (Subedi et al., 2019). Powdery mildew, seen as the most prevalent disease, is recognised easily on plants by 
the white to grey powdery mycelium and spore growth on the leaves or fruits. The growth of powdery mildew is unique in 
its spread due to the fact that it can strive under favourable dry weather conditions by utilizing the host nutrients 
(Mcfadden-Smith & Pickering, 2016). In a survey by Zhang et al. (2018), sixteen (16) pumpkin (Cucurbita moschata) 
samples that exhibited powdery mildew symptoms were evaluated and Podosphaera dominated as the key pathogen 
responsible for the pumpkin powdery mildew. Bellon-Gómez et al. (2011) discovered powdery mildew as a common 
fungal disease of cucurbits and the major cause of losses in cucurbit production worldwide. Furthermore, powdery mildew 
can be seen as one of the most aggressive diseases that affect leaves in cucurbits (McGrath, 2017).  

The impacts of powdery mildew on crop production can range from reduced photosynthesis and impaired growth 
to a yield loss of the plant (Lebeda et al., 2010). Similarly, Podosphaera xanthii was identified as the causal agent of the 
powdery mildew on the vegetable sponge (Elgamal & Khalil, 2020). Powdery mildewon Manihot esculentus Crantz and 
Elaeis guineensis Jacq investigated on a cultivated crop plant in Nigeria showed the predominance of Erysiphe species, 
indicating a rising trend in the disease which could result in low yield in plants (Bem et al., 2013). It was reported that 
powdery mildew is among the most common diseases of vegetables and fruits favoured by warm and dry climates, which 
implicates a high relative humidity to spread (Glawe, 2008). Plants severely affected by powdery mildew reduce growth 
and production due to losses of the net photosynthetic area and the subtraction of nutrients (Sambucci et al., 2019).  

Dry rot is one of the post-harvest diseases that are capable of causing adverse effects and a drastic significant 
decrease in the nutritional components of a fruit (Esiegbuya et al., 2013). It exhibits symptoms of rough, firm brown to 
dark sunken areas on fruits during storage. Dry rot in storage fruit gives room for insect infestation due to the dry surface 
of the diseased area of the fruit, although the rot is hardly seen in the pulp. The widespread dry rot caused by Fusarium 
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species is reported as a major threat to crop production globally (Tiwari et al., 2020). Dry rot damage aggravates when 
other symptoms like soft rot and late blight accompany dry rot during storage (Tiwari et al., 2020).  

Globally, more than thirteen (13) Fusarium spp. are considered the most aggressive pathogen causing dry rot 
disease in potatoes (Cullen et al., 2005; Du et al., 2012). Similarly, Azil et al. (2021) identified thirteen (13) species of 
Fusarium associated with potato rots and wilt during storage. Dry rot also has a long history in citrus production, affecting 
it only when under stress by the soil fungus Fusarium solani (Adesemoye et al., 2014). Esiegbuya et al. (2013) studied the 
post-harvest dry rot in palm fruits caused by Xylaria feejeensis and discovered that the disease caused dryness of the fruits, 
thereby making the fruit unsuitable for planting. Losses due to post-harvest dry rot caused by several genera of fungi, such 
as Aspergillus flavus, Aspergillus niger, Botryodiplodia theobromae, Collectotrichum spp., Fusarium, etc., associated with 
storage decay of yam tubers are prevalent in Nigeria (Gwa & Nwankiti, 2017). It was estimated that between 20 and 39.5% 
of stored tubers might be lost to dry rot causal organisms (Okigbo & Ogbonnaya, 2006). Recently, there has been an 
estimated value of 40%. The frequency of occurrence and the destructive nature of the fungus depends upon the storage 
condition. Garlic crops colonized by Fusarium sp. remained a latent pathogen and developed rot during storage, especially 
during appropriate post-harvest environmental conditions (Gálvez & Palmero, 2022). Thus, Fusarium dry rot can remain 
dormant and then develop during post-harvest storage period, causing losses of up to 30% of the harvest yield of garlic 
(Tonti et al., 2012; Gálvez & Palmero, 2022). 

Diplodia fruit rot invades most fruits in tropical regions leading to significant losses (Zhang, 2014). Infection 
occurs via the development of soft brown to black decay symptoms at both ends of the fruit resulting in the highest post-
harvest damage in soursop (González-Ruíz et al., 2021). Exposure through injuries during post-harvest handling leads to 
the rapid spread of decay observed in fruit during storage or on market arrival (Ismail & Zhang, 2004). Diplodia fruit rot 
caused by Diplodia sapinea was reported as one of the most severe opportunistic pathogens that accumulate in a healthy 
tree causing the disease diplodia tip blight (Blumenstein et al., 2021). Diplodia can live as an endophyte in its host plant 
before it breaks out and transforms into a sudden threat to the plant (Terhonen et al., 2021). In combination with 
increased temperature and mechanical wound, Diplodia sapinea can rapidly become pathogenic, leading to sudden disease 
outbreaks (Langer et al., 2011; Blumenstein et al., 2021). Furthermore, it was revealed that with the help of suitable 
environmental conditions, the endophytic and latent pathogen can have a significant effect on the development of rot 
disease in a plant (Piškur & Jurc, 2011; Marsberg et al., 2017). 

Post-harvest fungi soft rot on Annona muricata fruit produces soft brown spots and, subsequently, a characteristic 
black, rotten, and sometimes shrunken fruit. Gottsberger (1988) confirmed that several post-harvest fungal soft rot 
pathogens are associated with Annona muricata owing to their presence in the air as a contaminant (Nweke & Ibiam, 
2012). Hossain et al. (2013) affirmed that soft rot symptoms developed quickly on fruits in storage, especially those in 
very warm storage conditions. Disease surveys have shown that soft rot is an economically important disease affecting 
production and availability, which in turn causes great losses to whole sellers and retailers (Kumari, 2020). Djellout et al. 
(2020) explained further that the fruit's richness in nutrients makes it a target for soft rot. Improper storage system leads 
to the loss of up to 20% of harvested fruits to soft rot (Lee et al., 2013; Abdullah et al., 2016).  

Decayed fruit with symptoms of soft rot is usually found in large numbers during post-harvest transportation and 
storage. In a post-harvest survey of citrus diseases, the fungal strain Lasiodiplodia pseudotheobromaethe was found to be 
associated with citrus rot (Chen et al., 2021). Interestingly, the strains could only infect a wounded citrus fruit causing 
decay within two days of post-inoculation (Chen et al., 2021). Lasiodiplodia pseudotheobromaethe is reported as a common 
pathogen of tropical and subtropical plants with a wide host range (Kwon et al., 2017; Pipattanapuckdee et al., 2019). The 
organism was reported to be associated with citrus stem-end rot disease in Bangladesh and the post-harvest fruit rot of 
lemon in Turkey (Awan et al., 2016; Sultana et al., 2018). Sweet potato tuber with soft rot symptoms subjected to 
screening ascertain a high degree of pathogenicity susceptibility to soft rot disease caused mainly by fungi such as 
Botryodiplodia theobromae, Cerato cystis, Rhizopus oryzae, Aspergillus flavus, Fusarium solani and Sclerotium rolfsii, (Nsofor, 
2020). Rotten fruits nourish various types of fungi and some of them produce mycotoxin, which may cause harm to the 
consumers (Bashar et al., 2012).  

Lasiodiplodia pseudotheobromae was confirmed to be responsible for soft rots in soursop fruits in Mexico 
(Cambero-Ayón et al., 2019). This corresponds with the results of Nweke and Ibiam (2012), who mentioned that rot in 
soursop fruit in Nigeria is due to Colletotricum gloeosporioides and Rhizopus stolonifer. Sandoval et al. (2013) associated 
Lasiodiplodia pseudotheobromae with the death of descendant branches and rot in mango peduncle (Mangifera indica) in 
the Pacific coast of Mexico. Awan and Akgül (2016) further revealed that L. pseudotheobromae is a highly virulent post-
harvesting pathogen in lemon by damaging around 40 to 50 % of the area of the fruit. Cruz-Lachica et al. (2017) reported 
that the susceptibility of papaya (Carica papaya L.) to soft rot fungi causes post-harvest losses of up to 50%. Similarly, 
symptoms of soft rot caused by Rhizopus oryzae devastate a wide range of crops, including banana (Musa sapientum) fruits 
placed on local market shelves (Kwon et al., 2012). 

The disease on fruits combined with progressive, quick severe rotting causes a loss in their nutritional value, thus, 
making them unfit for use. More so, the presence of the pathogens not only results in spoilage, but they are also 
detrimental to human health in the case of food poisoning. Interestingly, some fruits show no change in appearance even 
after contamination. Nevertheless, an in-depth investigation into the characterization of these micro-organisms can be 
realized using conventional microbiological methods or molecular methods.  
 

5. Conclusion 
Fruits are vulnerable to microbial attack mainly during post-harvest handling due to their food composition, thus 

an ideal medium of survival for various forms of fungi. The results from this study confirmed the activities of fungal micro-



 www.ijird.com                                                                                                               April, 2023                                                                                                   Vol 12 Issue 4 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2023/v12/i4/APR23011                 Page 59 
 

organisms in the deterioration of Annona muricata fruits. To a significant extent, fungal post-harvest diseases are the 
major contributing factor to loss after harvest and also in storage. The post-harvest survey of fungi diseases in Annona 
muricata fruits, in addition to its incidence and severity, is of paramount value and an essential means in strategic disease 
control measures and effective management practices. Furthermore, precautions relating to the fruit handling process 
should be in-cooperated as a necessary measure in reducing microbial disease expression and composition, which cause 
the deterioration of fruits and are detrimental to human health. 
 

6. References 

i. Abdullah Q, Mahmoud A, Al-Harethi A. (2016). Isolation and identification of fungal post-harvest rot of some fruits 
in Yemen. PSM Microbiology, 1(1): 36–44.  

ii. Adeola, A. A., & Aworh, O. C. (2010). Development and sensory evaluation of an improved beverage from Nigeriaʼs 
tamarind (Tamarindus indica L.) fruit. African Journal of Food, Agriculture, Nutrition and Development, 10(9): 
4079–4092.  

iii. Adesemoye, A., Eskalen, A., Faber, B., Bender, G., O’Connell, N., Kallsen, C. and Shea, T. (2014). Current knowledge 
on Fusarium dry rot of citrus.CRB Funded Research Reports, pp 29–33. 
https://www.researchgate.net/publication/255704900  

iv. Ajayi, A. A., Peter-Albert, C. F., and Adedeji, O. M. (2015). Modification of Cell Wall Degrading Enzymes from 
Soursop (Annona muricata) Fruit Deterioration for Improved Commercial Development of Clarified Soursop Juice 
(A Review). Medical Aromatic Plants, 4(1):178. 

v. Amusa, N. A., Ashaye, O. A., Oladapo, M. O., and Kafaru, O. O. (2005). Western Nigeria and its effect on nutrient 
composition. African Journal of Biotechnology, 2: 23–25. 

vi. Arauz, L.F. (2000). Mango anthracnose: Economic impact and current option for integrated management. Plant 
Dis., 84, 600–611.  

vii. Awan, Q. N. and Akgül, D. S. (2016). First Report of Lasiodiplodia pseudotheobromae Causing Post-harvest Fruit Rot 
of Lemon in Turkey. Plant Disease, 100(11): 2327.  
https://doi.org/10.1094/PDIS-04-16-0512-PDN 

viii. Awan, Q. N., Akgül, D. S. and Unal, G. (2016). First Report of Lasiodiplodia pseudotheobromae Causing Post-harvest 
Fruit Rot of Lemon in Turkey. Plant Disease, 100, 2327.  

ix. Azil, N., Stefańczyk, E., Sobkowiak, S., Chihat, S., Boureghda, H. and Śliwka, J. (2021). Identification and 
pathogenicity of Fusarium spp. associated with tuber dry rot and wilt of potato in Algeria. European Journal of 
Plant Pathology, 159:495–509. 
https://doi.org/10.1007/s10658-020-02177-5. 

x. Baiyewu, R.A., Amusa, N. A. Ayoola, O.A. and Babalola, O.O. (2007). Survey of the post-harvest diseases and 
aflatoxin contamination of marketed pawpaw fruit (Carica papaya L) in South Western Nigeria. African Journal of 
Agricultural Research, 2(4), pp. 178–181. 

xi. Bashar, M. A., Shamsi, S. and Hossain, M. (2012). Fungi Associated with Rotten Fruits in Dhaka Metropolis. 
Bangladesh Journal of Botany, 41(1): 115–117. 

xii. Bem, A. A., Igbawundu, J.T., Terna, P.T., Bem, S. L., Akesa, M., Fadimu, O.Y. (2013). Preliminary Evaluation Of 
Incidence And Severity Of Powdery Mildews Of Some Crop Plants In Makurdi, Benue State, Nigeria. International 
Journal of Advanced Biological Research, 3(4): 519–523. 

xiii. Bellon-Gómez, D., Lópezruiz, F. J., Sánchezpulido, J. M., Jousseaume, C., Pérez-García, A., and Tores J. A. (2011). 
Powdery mildew of cucurbits: fungicide resistance in pathogen populations of southern Spain. In: Modern 
fungicides and antifungal compounds. Braunschweig: DPG Spectrum Phytomedizin, 285–288. 

xiv. Blumenstein, K. Bußkamp, J., Langer, G. J., Schlößer, R., ParraRojas, N. M. and Terhonen, E. (2021). Sphaeropsis 
sapinea and Associated Endophytes in Scots Pine: Interactions and Effect on the Host under Variable Water 
Content. Frontiers in Forests and Global Change, 4.  
https://doi.org/10.3389/ffgc.2021.655769.  

xv. Blumenstein, K., Bußkamp, J., Langer, G. J., Langer, E. J., and Terhonen, E. (2021). The Diplodia Tip Blight Pathogen 
Sphaeropsis sapinea is the Most Common Fungus in Scots Pines’ Mycobiome, Irrespective of Health Status—A Case 
Study from Germany. Journal of Fungi, 7, 607.  
https://doi.org/10.3390/jof7080607 

xvi. Cambero-Ayón, C. B., Luna-Esquivel, G., Rios- Velasco, C., Díaz-Heredia, M., Rodríguez-Palomera, M., Betancourt-
Aranguré, A. and Cambero- Campos, O. J. (2019). Causal agents of rot in Soursop fruit (Annona muricata L.) in 
Nayarit, Mexico. Revista Bio Ciencias, 6, e538. Doi: http://dx.doi.org/10.15741/revbio.06.01.01 

xvii. Chukuezi, C. O. (2010). Food safety and hygienic practices of street food vendors in Owerri, Nigeria. Studies in 
Sociology of Science 1(1): 50–57. 

xviii. Ciofini, A.; Negrini, F., Baroncelli, R.; Baraldi, E. (2022). Management of Post-Harvest Anthracnose: Current 
Approaches and Future Perspectives. Plants, 11, 1856.  
https://doi.org/10.3390/plants11141856 

xix. Cruz-Lachica, I., Márquez-Zequera, I., García-Estrada, R. S., Carrillo-Fasio, J. A., León-Félix, J., Allende-Molar, R. 
(2017). Identification of mucoralean fungi causing soft rot in papaya (Carica papaya L.) fruit in Mexico. Revista 
Mexicana de Fitopatología, 35(3): 397–417. DOI: 10.18781/R.MEX.FIT.1611-3 



 www.ijird.com                                                                                                               April, 2023                                                                                                   Vol 12 Issue 4 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2023/v12/i4/APR23011                 Page 60 
 

xx. Cullen, D. W., Toth, I. K., Pitkin, Y., Boonham, N., Walsh, K., Barker, I. & Lees, A. K. (2005). Use of quantitative 
molecular diagnostic assays to investigate Fusarium dry rot in potato stocks and soil. Phytopathology 95(12): 
1462–1471.  
https://doi. org/10.1094/PHYTO-95-1462  

xxi. Darshan, K.; Vanitha, S.; Venugopala, K.M.; Parthasarathy, S. (2019). Strategic eco-friendly management of post-
harvest fruit rot in papaya caused by Colletotrichum gloeosporioides. Journal of Biological Control, 33:25–235.  

xxii. Dembele, D. D., Amari, L-N. N. D. G. E., Camara, B., Grechi, I., Rey, J-Y. and Kone, D. (2019). Pre and post-harvest 
assessment of mango anthracnose incidence and severity in the north of Côte d'Ivoire. International Journal of 
Biological and Chemical Science, 13(6):2726–2738. DOI: https://dx.doi.org/10.4314/ijbcs.v13i6.24 

xxiii. Djellout, N. C., Baika, K., Bamebarek, H. and Benaissa, A. (2020). Microbial soft rot of cultivated fruits and 
vegetables. Algerian Journal of Biosciences, 1(2): 37–45.                                                                            

xxiv. Du, M., Ren, X., Sun Q., Wang, Y. and Zhang, R. (2012) Characterization of Fusarium spp. causing potato dry rot in 
China and susceptibility evaluation of Chinese potato germplasm to the pathogen. Potato Research, 55:175–184. 
https://doi.org/10.1007/s1154 0-012-9217-6  

xxv. Esiegbuya, O. D., Okungbowa, F. I., Oruade-Dimaro, E. A. and Airede, C. E. (2013). Dry Rot of Raphia hookeri and its 
Effect on Proximate Composition of the Fruits. Nigerian Journal of Biotechnology, 26 (2013): 26–32. 

xxvi. Elgamal, N. G. and Khalil, M. S. (2020). First report of powdery mildew caused by Podosphaera xanthii on Luffa 
cylindrica in Egypt and its control. Journal of Plant Protection Research, 60(3): 311–319. DOI: 
10.24425/jppr.2020.133954 

xxvii. Gálvez, L. and Palmero, D. (2022). Fusarium Dry Rot of Garlic Bulbs Caused by Fusarium proliferatum: A Review. 
Horticulturae, 8, 628.  
https://doi.org/10.3390/horticulturae8070628 

xxviii. Glawe, D.A. (2008). The powdery mildews: A review of the world’s most familiar (yet poorly known) plant 
pathogens. Annual Review of Phytopathology, 46(1): 27–51. DOI:10.1146/annurev.phyto.46.081407.104740.  

xxix. González-Ruíz, A.V., Palomino-Hermosillo, Y.A, Balois-Morales, R., Ochoa-Jiménez, V.A.; Casas-Junco, P.P., López-
Guzmán, G.G., Berumen-Varela, G.; Bautista-Rosales, P.U. (2021). Pathogenic Fungi Associated with Soursop Fruits 
(Annona muricata L.) during Post-harvest in Nayarit, Mexico. Horticulturae, 7:471. 
https://doi.org/10.3390/horticulturae7110471  

xxx. Gottsberger, G. (1988). Comments on flower evolution and beetle pollination in the genera Annona and Rollinia. 
Plant Systematics and Evolution, 167(3–4): 189–194. 

xxxi. Gwa, V. I. and Nwankiti, A. O. (2017). Efficacy of some plant extracts in in-vitro control of Colletotrichum species, 
causal agent of yam (Dioscorea rotundata Poir) tuber rot. Asian Journal of Plant Science and Research, 7(2):8–16.  

xxxii. Hern´andez-Guerrero, S. E., Balois-Morales, R., Bautista-Rosales, P. U., L´opez-Guzm´an, G. G., Berumen-Varela, G., 
Palomino-Hermosillo, Y. A., Jimenez-Zurita, J. O., Bello-Lara, E. J., and Le´on-Fernandez, A. E. (2020). Identification 
of Fungal Pathogens of Mango and Soursop Fruits Using Morphological and Molecular Tools and Their Control 
Using Papaya and Soursop Leaf and Seed Extracts. International Journal of Agronomy, 15 p. 

xxxiii. Hossain, M A., Islam, Z., Rafiquzzaman, M S. (2013). Soft rot of Jackfruit. Factsheets for Farmers. Plantwise,©CAB 
International. Published under a CC-BY-SA 4.0 licence. 

xxxiv. Ikegwu, O. J., and Ekwu, C. F. (2009). Thermal and physical properties of some tropical fruits and their juices in 
Nigeria. Journal of Food Technology 7(2): 38–42. 

xxxv. Ismail, M.A. & Zhang, J. (2004). Post-harvest citrus diseases and their control. Outlooks Pest Management, 15, 29–
35.  

xxxvi. Kiprop, K., Lizzy, M., Ezekiel, K. & Pixley, K. (2020). Prevalence, Incidence and Severity of Anthracnose in Carica 
Papaya Fruits in Baringo and Elgeyo-Marakwet Counties. African Journal of Education, Science and Technology, 6 
(1). 

xxxvii. Kimaru, S. K., Monda, E., Cheruiyot, R. C., Mbaka, J. and Alakonya, A. (2018). Morphological and Molecular 
Identification of the Causal Agent of Anthracnose Disease of Avocado in Kenya. International Journal of 
Microbiology, Article ID 4568520, 10 pages.  
https://doi.org/10.1155/2018/4568520.  

xxxviii. Kumari, L. (2020). Incidence of post-harvest fruit rot of tomato in vegetable market of Muzaffarnagar district. 
Journal of Pharmacognosy and Phytochemistry, 9(5): 152–154.  

xxxix. Kwon, J-H, Ryu, J-S., Chi, T. T. P., Shen, S-S. & Choi, O. (2012). Soft Rot of Rhizopus oryzae as a Post-harvest 
Pathogen of Banana Fruit in Korea. Mycobiology, 40(3): 214–216. 
http://dx.doi.org/10.5941/MYCO.2012.40.3.214. 

xl. Kwon, J.-H., Choi, O., Kang, B., Lee, Y., Park, J., Kang, D.-W., Han, I., and Kim, J-H. (2017). Identification of 
Lasiodiplodia pseudotheobromae causing mango dieback in Korea. Canadian Journal of Plant Pathology, 39(2), 
241–245. DOI: 10.1080/07060661.2017.1329231.  

xli. Langer, G.J., Bressem, U. and Habermann, M. (2011). Diplodia-Triebsterben der Kiefer und endophytischer 
Nachweis des Erregers Sphaeropsis sapinea. AFZ—Der Wald 11, 28–31. 

xlii. Lebeda, A., Mggrath, M. T. and Sedlakova B. (2010). Fungicide resistance in cucurbit powdery mildew fungi. 
Fungicides 11:221–246. DOI 10.5772/14080.  

xliii. Lee, D.H., Kin, J. B., Kin, M., Roh, E., Jung, K. (2013). Microbiota on spoiled. Vegetables and their characterization. 
Journal of Food Protection, 76(08):1350–1358. Doi: 10.4315/0362-028X.JFP-12-439.  



 www.ijird.com                                                                                                               April, 2023                                                                                                   Vol 12 Issue 4 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2023/v12/i4/APR23011                 Page 61 
 

xliv. Marsberg, A., Kemler, M., Jami, F., Nagel, J. H., Postma-Smidt, A., Naidoo, S., Wingfield, M. J., Crous, P. W., Spatafora, J. 
W., Hesse, C. N., Robbertse, B., and Slippers, B. (2017). Botryosphaeria dothidea: a latent pathogen of global 
importance to woody plant health. Molecular Plant Pathology, 18, 477–488. DOI: 10.1111/mpp.12495 

xlv. Maqbool, M.; Ali, A.; Ramachandran, S.; Smith, D.R.; Alderson, P.G (2010). Control of post-harvest anthracnose of 
banana using a new edible composite coating. Crop Prot., 29, 1136–1141.  

xlvi. Mcfadden-Smith, W. & Pickering, G. J. (2016). Effects of Powdery Mildew on Fruit Quality. Ramdane Dris Ph.D. 
(ed.), “Crops: Quality, Growth and Biotechnology,” pp. 882–891.    

xlvii. McGrath, M. T. (2017). Powdery mildew. p. 62–64. In: Compendium of Cucurbit Diseases and Insect Pests, A.P. 
Keinath, W.M. Wintermantel, T.A. Zitter (eds.) 2nd ed., St. Paul: APS Press, 220 pp. 

xlviii. Moreira, R., Moreno, J., Buitrón, J., Orbe, K., Hector-Ardisana, E., Uguna, F., and Viera, W. (2018). Characterization of 
a soursop population (Annona muricata) from the Central Region of Ecuadorian Littoral using ISSR markers. 
VEGETOS: An International Journal of Plant Research, 31(3):2.  

xlix. Morton, J. F. (1987). Soursop (Annona muricata). Fruits of warm climates. Purdue University. 75–80 pp. Retrieved 
from http://www.hort.purdue.edu/newcrop/morton/soursop.html on 29th January, 2023. 

l. Nsofor, G. C. (2020). Fungal And Bacterial Pathogens Associated with Soft Rot Disease of Sweet Potato (Ipomoea 
batatas, L. Lam). Nigerian Agricultural Journal,51 (3), Pg. 213–218. 

li. Ntsoane, M.L., Zude-Sasse, M., Mahajan, P. and Sivakumar, D. (2019). “Quality assessment and post-harvest 
technology of mango: a review of its current status and future perspectives,” Scientia Horticulturae, 249, pp. 77–
85.  

lii. Nweke, C. N. and Ibiam, O. F. A. (2012). Pre and post-harvest fungi associated with the soft rot of the fruit of 
Annona muricata, and their effects on the nutrient content of the pulp. American Journal of Food and Nutrition 
Journals, 2(4): 78–85.  
https://www.scihub.org/AJFN/PDF/2012/4/AJFN-2-4-78-85.pdf  

liii. Okigbo, R. N. and Ogbonnaya, O. U. (2006). Antifungal effects of two tropical plants extract (Ocimum gratissimum 
and Afromaomum melegueta) on post-harvest yam (Dioscorea spp.) rot. African Journal of Biotechnology, 
5(9):727–731. 

liv. Ogwu, M. C., Osawaru, M. E., Aiwansoba, R. O. and Iroh, R. N. (2016). Status and prospects of vegetables in Africa. 
Proceedings of NTBA/NSCB Joint Biodiversity Conference; Unilorin 2016. 47–57pp. 

lv. Onyeani, C. A. and Amusa, N. A (2015). Incidence and Severity of Anthracnose in Mango Fruots and Its Control 
with Plants Extracts in South West Nigeria. International Journal of Agricultural Research, 10(1): 33–43. 

lvi. Palemón-Albert, F., Cruz, B., Reyes, G., Damián, A., Toribio, J., Romero, Y., Vargas, D., Bello, J. (2019). First report of 
Rhizopus soft rot on soursop (Annona muricata) caused by Rhizopus oryzae in México. Journal of Plant Disease 
Protection, 127, 275–277. 

lvii. Pipattanapuckdee, A., Boonyakait, D., Tiyayon, C., Seehanam, P., and Ruangwong, O.-U. (2019). Lasiodiplodia 
pseudotheobromae causes post-harvest fruit rot of longan in Thailand. Australasian Plant Disease Notes, 14:21. 
http://doi.org/10.1007/s13314-019-0350-9.  

lviii. Piškur, B., and Jurc, D. (2011). Unusual weather conditions as triggers of pathogenic activities of endophytic fungi-
Botryosphaeria dothidea as an example. Zbornik Predavanj in Referatov, 10. Slovenskega Posvetovanja o 
VarstvuRastlin, Podˇcetrtek, Slovenia, 241–245.  
https://www. cabdirect.org/cabdirect/abstract/20143268096. 

lix. Saranraj, P., Sivasakthivelan, P., Sivasakthi, S., and Karunya, S. K. (2016). Microbial spoilage and pathogens in 
vegetables collected from vegetable market. International Research Journal, 4(3). 

lx. Sarkar, A. K. (2016). Anthracnose diseases of some common medicinally important fruit plants. Journal of 
Medicinal Plants Studies, 4(3): 233–236.  
https://www.researchgate.net/publication/316889416 

lxi. Sambucci, O., Alston, J. M., Fuller, K.B. & Lusk, J. (2019). The pecuniary and non-pecuniary costs of powdery 
mildew and the potential value of resistant grape varieties in California. American Journal of Enology and 
Viticulture, 70(2):177–187. DOI:10.5344/ajev.2018.18032. 

lxii. Sandoval, S. M., Nieto, Á. D., Sandoval, I. S., Téliz, O. D., Orozco, S. M. and Silva, R. V. (2013). Hongos asociados a pu- 
drición del pedúnculo y muerte descendente del mango (Magnifera indica L.). Agrociencia, 47(1): 61–73.  
http:// www.scielo.org.mx/pdf/agro/v47n1/v47n1a6.pdf  

lxiii. Serrato-Diaz, L. M., Marino, Y. A. and Bayman, P. (2020). Pathogen Causing Anthracnose and Fruit Rots of Coffee 
Associated with Coffee Berry Borer and the Entomopathogenic Fungus Beauveria bassiana in Puerto Rico. 
Phytopathology, 110:1541–1552.  
http://doi.org/10.1094/PHYTO-02-20-0057-R.    

lxiv. Subedi, S., Koirala,l S. and Neupane, S. (2019).Diversity and occurrence of major diseases of vegetables and fruits 
during spring season at Aanbukhaireni rural municipality of Tanahun, Nepal. Journal of Agriculture and Natural 
Resources, 2(1): 60–74. DOI:  https://doi.org/10.3126/janr.v2i1.26043 

lxv. Sulaiman, H., Roslida, A. H., Fezah, K. L Tan, Tor, Y. S., and Tan, C. I. (2012). Chemopreventive Potential of Annona 
muricata L Leaves on Chemically-Induced Skin Papillomagenesis in Mice. Asian Pacific Journal of Cancer 
Prevention, 13(6): 2533–2539.  

lxvi. Sultana, R., Islam, M. S., Rahman, H., Alam, M. S., Islam, M. A., and Sikdar, B. (2018). Characterization of 
Lasiodiplodia pseudotheobromae associated with citrus stem-end rot disease in Bangladesh. International Journal 
of Bioscience, 13(5):252–262. DOI: 10.12692/ijb/13.5.252-262. 



 www.ijird.com                                                                                                               April, 2023                                                                                                   Vol 12 Issue 4 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2023/v12/i4/APR23011                 Page 62 
 

lxvii. Terhonen, E., Babalola, J., Kasanen, R., Jalkanen, R., and Blumenstein, K. (2021). Sphaeropsis sapinea Found as 
Symptomless Endophyte in Finland. Silva Fennica, 55(1) id 10420.  
http://doi.org/10.14214/sf.10420. 

lxviii. Tiwari1, R. K., Kumar, R., Sharma, S., Sagar, V., Aggarwal, R., Naga, K. C., Lal, M. K., Chourasia, K. N., Kumar, D. & 
Kumar, M. (2020). Potato dry rot disease: current status, pathogenomics and management. 3 Biotech, 10:503. 
https://doi.org/10.1007/s13205-020-02496-8 

lxix. Umme, A., Salmah, Y., Bakar, J., and Asbi, B. A. (1999). Microbial and enzymatic changes in natural soursop puree 
during storage. Food Chemistry, 65(3): 315–322.  

lxx. Vwioko, D. E., Osemwegie, O. O., and Akawe, J. N. (2013). The effect of garlic and ginger phytogenics on the shelf 
life and microbial contents of homemade soursop (Annona muricata L) fruit Juice. Biokemistri - An International 
Journal of the Nigerian Society for Experimental Biology, 25(2): 31–38.  

lxxi. Wheeler, B. E. J. (1969). An Introduction to Plant Diseases. John Wiley and Sons Ltd. London 254pp. 
lxxii. Youssef, K., Ippolito, A. and Roberto, S. R. (2022) Editorial: Post-harvest Diseases of Fruit and Vegetable: Methods 

and Mechanisms of Action. Frontiers in Microbiology, 13:900060. DOI: 10.3389/fmicb.2022.900060 
lxxiii. Zhang, Z., Luo, L., Tan, X., Kong, X., Yang, J., Wang, D., Zhang, D., Jin, D. & Liu, Y. (2018). Pumpkin powdery mildew 

disease severity influences the fungal diversity of the phyllosphere. Peer J, 6:e4559. DOI 10.7717/peerj.4559. 
lxxiv. Zhang, J. (2014). Lasiodiplodia theobromae in Citrus Fruit (Diplodia Stem-End Rot). Post-harvest Decay, Elsevier 

Inc. 309–331.  
http://dx.doi.org/10.1016/B978-0-12-411552-1.00010-7. 

 

 


