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The coconut bug, Pseudotheraptus wayi, is a sap-feeding insect known to damage a wide range of host 
plants. Its feeding mechanism allows it to inject toxic saliva into plant tissue, and potentially, to transmit 
fungal pathogens. This study aimed to isolate and characterise fungal species associated with the coconut 
bug mouthparts, and to assess the pathogenicity of the fungal isolates on litchi fruits. A total of 29 fungal 
species were identified from 16 bugs. Morphological differences in colony colours, patterns and textures 
further distinguished these isolates. A total of 300 litchi fruits were inoculated with five fungal species, namely: 
Pestalotiopsis microspora, Xylaria sp., Nigrospora oryzae, Cladosporium cladosporioides, and Purpureocillium 
lilacinum. Three parameters (weight loss, colour change and disease severity) were assessed on the fruits over 
14 days. The results indicated that the weight loss ranged from 21.58% to 18.67% and disease severity from 
very severe to slight. Pestalotiopsis microspore and Purpureocillium lilacinum were the pathogens with the most 
and least pathogenicity, respectively. These findings highlight the potential significant threat posed by fungal 
pathogens and emphasise the need to monitor and control the coconut bug to maintain litchi fruit quality 
and reduce post-harvest losses. Future research should explore the actual role and transmission dynamics in 
natural litchi–insect systems (field-based pathogenicity trials) to confirm the findings of this study.

INTRODUCTION

Originating from China and Vietnam, Litchi (Litchi chinensis Sonn.) is cultivated globally as a highly 
valued tropical fruit, mostly for its unique flavour, nutritional benefits and economic importance 
(Soni and Agrawal 2017; Zhao et al. 2020). In South Africa, it is an important fruit crop that has 
shown a slow-rising trend with regard to new planting hectares and production (South Africa 
Litchi Growers’ Association (SALGA) 2025). According to the SALGA census conducted in 2025, 
the total litchi plantings in South Africa amounted to 1 389 ha, which is 29 ha more than in 2024. 
The litchi industry faces numerous challenges, such as pests and diseases, which seriously threaten 
plant vigour and growth, as well as fruit quality (Kumar 2016). Pests such as stink bugs (Hemiptera: 
Pentatomidae) and coreid bugs (Hemiptera: Coreidae) are considered serious pests of litchi in South 
Africa (Grové et al. 2015). Among these, the coconut bug, Pseudotheraptus wayi Brown (Hemiptera: 
Coreidae), is the most dominant sap-sucking bug occurring on litchis (Schoeman 2014).

The coconut bug is a significant pest of numerous commercial crops in eastern and southern 
Africa, causing direct damage to crops (Egonyu et al. 2014). Coconut bugs feed by injecting 
toxic saliva with lytic properties that break down fruit cell components. This feeding behaviour 
causes scarring, fruit deformities, and premature fruit drop (Doh et al. 2014; Schoeman and 
Morey 2016), ultimately reducing both the quantity of marketable fruit and the income generated 
from fruit sales. The nymphs and adults are known to inflict 75–100% direct damage to shoots, 
flowers, and fruits, which may lead to a loss of 80% or more across a range of crops (Maniania 
and Ekesi 2016). It is a serious pest of avocado (Persea americana: Lauraceae), guava (Psidium 
guajava: Myrtaceae), litchi (Litchi chinensis: Sapindaceae), loquat (Eriobotrya japonica: Rosaceae), 
macadamia (Macadamia integrifolia: Proteaceae), mango (Mangifera indica: Anacardiaceae), 
cashew (Anacardium occidentale: Anacardiaceae), carambola (Averrhoa carambola: Oxalidaceae), 
coconut (Cocos nucifera: Arecaceae), pecan (Carya illinoensis: Juglandaceae), cinnamon 
(Cinnamomum verum: Lauraceae), cocoa (Theobroma cacao: Malvaceae) and various leguminous 
crops (Hill 2008; Nyambo 2009). Mohan et al. (2022) reported yield losses of up to 100% resulting 
from both natural fall and early fall of coconuts showing symptoms attributed to the coconut bug 
impacting coconuts in Zanzibar. Yield losses of 76.2% in avocados (Van der Meulen and Schoeman 
1994), 11.6% damaged fruit in mangoes (Schoeman 2010), 40% fruit drop in litchis (Schoeman and 
Mohlala 2013), and 45.65% of aborted immature litchis (Netshipise et al. 2025) have been reported 
due to coconut bug in South Africa. Van der Meulen (1992) reported that the incidence of coconut 
bug damaged guavas at harvest could be as high as 52.4% in the Nelspruit region of South Africa.

In addition to attacking crops, insect pests can spread a number of harmful microorganisms, 
such as bacteria, viruses, and fungi (Moore et al. 2020). They enable the presence of plant diseases 
by acquiring, transporting, and introducing pathogens into host plants that would otherwise not 
have been able to proliferate if the pest were absent. Fungi can use a variety of insects as a substrate 
for growth and reproduction (Biedermann and Vega 2020). Fungal pathogens infiltrate the 
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insect’s body through direct penetration of the insect’s cuticle 
and ingestion, then spread internally until reaching the salivary 
glands and mouthparts. The pathogen is then introduced into 
new host plants during subsequent feeding (Fereres and Raccah 
2015). Some fungi may even persist within the insect throughout 
its lifespan and be vertically transmitted to its offspring via 
eggs (Andret-Link and Fuchs 2005). Additionally, fungi also 
manipulate both the host plant and the insect throughout its life 
cycle to promote infection and dissemination (Franco et al. 2021). 
According to Golan and Pringle (2017), pests play a major role 
in the dispersal of fungi by acquiring fungal propagules while 
pollinating or simply moving across infected plant surfaces, 
thereby facilitating the spread of fungal pathogens. During these 
insect-plant interactions, the fungal spores adhere to the pests’ 
abdomens, legs, or mouthparts, aiding their transmission to new 
hosts (Sani et al. 2020).

Postharvest fruit diseases caused by fungi are a major 
challenge to the litchi fruit industry (Dukare et al. 2019), causing 
fruit rot and spoilage, and ultimately economic losses. According 
to Jiang et al. (2002), degradation caused by microbial infections 
accounts for 20 to 30% of litchi loss after harvest and up to 50% 
before consumption. Some postharvest fungal pathogens include 
genera such as Alternaria, Aspergillus, Rhizopus, Cladosporium, 
Neofusicoccum sp., Pestalotiopsis sp., Botrytis, Colletotrichum, 
Diplodia, Phomopsis, Mucor, Penicillium and Sclerotinia (Nabi et 
al. 2017; Fourie and Coertzen 2018; Matrose et al. 2021).

Given the economic importance of litchi production in South 
Africa and globally, it is important to understand the full extent 
of the damage caused by the coconut bug and associated fungal 
pathogens. The impact of fungal infections on crops has been 
studied, but little is known about the potential impact of these 
fungi linked to coconut bugs on litchi. Thus, this study aimed to 
isolate fungal species from the mouthparts of coconut bugs and 
to explore the potential impact of these fungal species on litchi 
fruit quality. This topic had not been researched in South Africa 
prior to this study. Understanding the full extent of the damage 
caused by the coconut bug and associated fungal pathogens on 
litchi fruit is essential for developing targeted pest management 
strategies to reduce the risk of fungal transmission. 

METHODS AND MATERIALS

Collection of coconut bugs 

A total of 16 coconut bug adults and nymphs were collected at the 
ARC-Tropical and Subtropical Crops Division (25°27’06.2”  S; 
30°58’11.1” E) in Mbombela (Nelspruit), Mpumalanga Province, 
at the beginning of October in 2023. Collection was carried out 
by actively searching for coconut bugs early in the morning on 
randomly selected litchi, macadamia, and mango trees. Coconut 
bugs (identification confirmed by a specialist entomologist, Dr 
PS Schoeman) were collected using a 38  cm nylon sweep net, 
placed in labelled jars for preservation, and taken to the Tshwane 
University of Technology Crop Protection Laboratory for 
dissection and fungal isolation. 

Preparation of PDA culture 

Potato Dextrose Agar (PDA) culture medium was prepared 
by adding 39  g of PDA powder to a 1  000 ml culture bottle, 
mixing it well with distilled water, followed by autoclaving and 
sterilisation for 45 minutes under pressure and temperature of 
121 °C. After removal, it was allowed to cool, and 20 ml PDA was 
poured into individual 90 mm diameter petri dish plates and left 
in the laminar flow cabinet to solidify before use.

Fungal isolation

The coconut bugs were frozen at 20 °C to cause immobilisation 
and death. After which they were surface sterilised in a 

laminar flow chamber by washing them with 70% ethanol and 
subsequently soaking them for two minutes in a 0.5% sodium 
hypochlorite solution. The insects were triple-rinsed in sterile 
distilled water and dried using sterile absorbent paper according 
to the protocol described by Pestano et al. (2017). Using a sterile 
razor, the mouthparts and the head of the coconut bugs were 
dissected to isolate the fungi that could have been ingested. 
The dissected parts and the intact (thorax/abdomen) of the 
coconut bugs were plated onto sixteen PDA plates, according 
to a protocol described by Fourie and Coertzen (2018). The 
cultured colonies were maintained in an incubator at 25 °C and 
80% relative humidity for eight days. The 16 agar plates with 
fungal colonies were then removed from the incubator, and 
fungal colonies were sub-cultured onto fresh PDA plates. Each 
plate was sub-cultured (replicated) three times to obtain pure 
cultures in a sterile environment (laminar flow), using sterile 
equipment. 

Morphological characterisation

The purified fungal culture isolates were characterised using 
morphological features, such as colony colour, pattern and 
texture over eight days according to the protocol described by 
Tafinta et al. (2013) to distinguish between the fungal species. 
Fungal isolates from the mouthparts of the coconut bugs were 
plated onto PDA and each isolate was replicated three times and 
subsequently incubated at 25 °C for eight days to evaluate their 
morphological characteristics. The characteristics of the fungal 
colonies were observed and compared with known reference 
cultures.

Molecular identification of the fungal isolates

Purified fungal cultures were subjected to DNA extraction. 
Genomic DNA was extracted from the cultures using the 
Quick-DNA™ Fungal/Bacterial Miniprep Kit (Zymo Research, 
Catalogue No. D6005). The primers used for fungal amplification/ 
sequencing were ITS1 (5’TCC GTA GGT GAA CCT GCG G 3’) 
and ITS4 (5’TCC TCC GCT TAT TGA TAT GC 3’). The PCR 
was conducted using Nucleic Acid Detection (NEB) OneTaq 
2X MasterMix with Standard Buffer (Catalogue No. M0482S), 
10-30 ng/μl of genomic DNA, 10 μM of both forward and reverse 
primers, and nuclease-free water (Catalogue No. E476). The 
thermocycling was conducted at 94 °C for 5 minutes, followed 
by 35 cycles of 30 seconds at 94 °C, 30 seconds at 50 °C, 1 minute 
at 68 °C with a final extension of 10 minutes at 68 °C and hold 
at 4 °C. The integrity of the PCR amplicons was visualised on a 
1% agarose gel (CSL-AG500, Cleaver Scientific Ltd) stained with 
EZ-vision® Bluelight DNA Dye. The NEB Fast Ladder was used on 
all gels (N3238) as a size standard. Fragments were enzymatically 
purified using the ExoSAP procedure (NEB M0293L; NEB 
M0371). The amplicons were purified for sequencing (Zymo 
Research, ZR-96 DNA Sequencing Clean-up Kit™, Catalogue 
No. D4050), and sequenced in the forward and reverse direction 
(Nimagen, BrilliantDye™ Terminator Cycle Sequencing Kit 
V3.1, BRD3-100/1000) using the ABI 3730xl Genetic Analyzer 
(Applied Biosystems, Thermo Fisher Scientific).

Harvesting of litchis 

Ripe litchis of various sizes were harvested from mature litchi 
trees that were randomly chosen at the ARC-Burgershall 
premises (25°04’07.5” S; 31°03’08.7” E) in Kiepersol, Mpumalanga 
Province, in November 2024. All fruits were placed in a cooler 
box and transported to the Tshwane University of Technology 
Crop Protection Laboratory, where inoculation of fungal species 
was done in an aseptic environment. Fruits that had physical 
damage or injury caused by mechanical factors, insects and 
disease were discarded, and only those that were considered 
healthy and of similar size were used.
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Fungal inoculum preparation

Five fungal species isolated from the mouthparts of the coconut 
bugs were used for inoculation. Fresh spore suspensions were 
prepared from 14-day-old PDA cultures of the selected fungal 
species, namely: Cladosporium cladosporioides, Nigrospora 
oryzae, Pestalotiopsis microspora, Purpureocillium lilacinum, 
and Xylaria sp. These fungi are considered economically 
significant due to their association with plant diseases. The 
surface of the cultures was flooded with sterile distilled water 
after which, the spores were rubbed off with a spreader and 
gently dislodged with a sterile loop and carefully deposited into 
50 ml Schott bottles. The suspension in the Schott bottles was 
filtered through cheesecloth to remove mycelial fragments and 
then 200 μl of the suspension was pipetted into the channels 
of a mounted haemocytometer on a microscope (Model Stemi 
SV 11, Zeiss, Thornwood, NY; 40x magnification) for spore 
counting and concentration adjustment. The suspension 
concentration was adjusted to 1 × 106 spores/ml for further use 
in the experiment. 

Fungal inoculation

Litchis were washed under running tap water to remove surface 
dirt and then surface-sterilised by immersion in 70% ethanol 
for 2 minutes. After the ethanol treatment, the fruits were 
rinsed three times with sterile distilled water and allowed to 
air dry in a laminar flow cabinet. Once dried, the fruit was 
inoculated with the prepared fungal suspensions. A sterilised 
23G X 25 mm needle was used to create 0.5 mm holes in litchi 
fruits. This procedure was designed to simulate the piercing-
sucking mouthparts of the coconut bug. The experiment was 
performed in a completely randomised design and consisted 
of seven treatments replicated three times. The fungal isolates 
treatments were: P. microspora, Xylaria sp., N. oryzae, C. 
cladosporioides, and P. lilacinum, as well as, negative controls 1 
and 2. From the total of 420 fruits used for the trial, 300 fruits 
were inoculated with five different fungal strains, 60 fruits in 
each treatment, and 120 fruits were used as controls, with 60 as 
control (CTRL)1 (litchis inoculated with sterile distilled water) 
and the other 60 as control (CTRL) 2 (litchis not inoculated). 
Inoculated fruits were inoculated with 0.1 ml of the fungal 
suspension using a sterilised syringe, and then stored for 14 
days in an incubator at 25 °C with 80% relative humidity. Fungi 
obtained from the inoculated diseased section of the litchis 
were re-isolated onto PDA and incubated at 25 °C to identify if 
the morphological characteristics were identical to those of the 
original isolates, confirming Koch’s postulates. 

Post-harvest storage to assess the quality of infected litchis

Three parameters (weight loss, fruit colour, and severity of decay) 
were evaluated for 14 days to assess the damage caused by the 

selected five fungal species isolated from the mouthparts of 
coconut bugs. The fruits were stored at 25 °C and 80% relative 
humidity. To determine the weight loss of the litchi fruits over 
time, each replicate was weighed every second day, starting on 
the day of inoculation (Day 0) up to Day 14. The fruit weight was 
recorded using an electronic weighing scale with an accuracy of 
0.01 g (Minh et al. 2019). The following formula was used for the 
calculation of weight loss: 

Weight loss (%) = Initial weight of fruit − Final weight of stored fruit × 100
Initial weight of fruit

The number of decayed fruits in each container was 
determined on Day 14. Based on the disease severity on the pulp 
of the fruit, a damage severity index was calculated following 
the methods described by Sivakumar and Korsten (2006). The 
damage severity was assigned into the scale of the following 
groups: 0 = 0% (no decay), 1 = 1–10% (slight infection), 2 = 11–
30% (moderate) 3 = 31–50% (severe), 4 = 51–75% (very severe), 
and 5 = 76–100% (entire infection).

The following formula was used for the calculation of the 
severity of decay:  

Severity of decay (%) =   Total number of decayed fruits   × 100
 Total number of examined fruits

Fruit colour was evaluated visually every second day to assess 
the colour changes on the pericarp of the inoculated litchis and 
the control litchis. A high-resolution camera was used to take 
photographs of the changes in skin colour of the litchi. 

Statistical analysis

The weight loss data was statistically analysed using analysis of 
variance (ANOVA), using Genstat software (VSN International 
2022). Means were used to test for differences between the five 
fungi and two control effects at the 5% level of significance. 

RESULTS

Fungal isolation

Twenty-nine fungal species were isolated and identified from 
the coconut bug mouthparts, head, and full bodies (Table 1). 
The most prevalent genera were Cladosporium and Xylaria, 
with four species of each observed. The fungal isolates from 
the mouthparts were classified into nine genera, with a total 
of thirteen species found on the mouthparts. Four species of 
the Xylaria genus were identified from the mouthparts only, 
Cladosporium spp. from the head and mouthparts only, and 
four fungal genera (Pestalotiopsis, Sordariomycetes, Nigrospora, 
and Neopestalotiopsis) from the full bodies and mouthparts. 
Cladosporium sp., Lecythophora sp., and P. lilacinum were 
isolated from the nymphs.

Table 1: Fungal species isolated from various coconut bug body parts. Identification was based on sequencing of the ITS region. 

Full body Head Mouthparts

Chaetomium angustispirale
Chaetomium globosum
Chaetomium cochliode

Lecythophora sp.
Fusarium sp.

Fusarium subglutinans
Nigrospora oryzae

Neopestalotiopsis cubana  
Pestalotiopsis neglecta

Sordariomycetes sp.

Cladosporium sp.
Cladosporium cladosporioides

Cladosporium perangustum
Epicoccum sp.

Epicoccum mezzettii
Epicoccum nigrum

Cladosporium cladosporioides
Corynascus similis

Corynascus verrucosus
Myceliophthora verrucosa

Nigrospora oryzae
Neopestalotiopsis saprophytica

Pestalotiopsis microspora  
Purpureocillium lilacinum

Sordariomycetes sp.
Xylaria adscendens
Xylaria arbuscular

Xylaria sp.
Xylaria venosula
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Figure 1: The eight fungal colony isolates from the coconut bugs mouthparts showing the front and the back of the species: (A) AM1 = Xylaria 
adscendens, (B) AM2 = Pestalotiopsis microspora, Neopestalotiopsis saprophytica, (C) AM3 = Xylaria sp., Xylaria venosula, Xylaria arbuscula, (D) AM4 = 
Xylaria sp., Xylaria venosula, Xylaria arbuscular, (E) AM5 = Sordariomycetes sp., Nigrospora oryzae, (F) AM6 = Corynascus verrucosus, Myceliophthora verrucosa, 
Corynascus similis, (G) AM8 = Cladosporium cladosporioides, and (H) NM1 = Purpureocillium lilacinum.

Table 2: The morphological characterisation of eight fungal species obtained from the mouthparts of coconut bugs.

Isolate Organism
Colony colour

Texture and pattern
Front view Back view

AM1 Xylaria adscendens White, yellow, green White to cream Cotton at centre, flat throughout the 
plate with leaf star pattern

AM2 Pestalotiopsis microspora,  
Neopestalotiopsis saprophytica

White Cream Dense and cotton mycelia from 
centre, no pattern

AM3 Xylaria sp., Xylaria venosula,  
Xylaria arbuscula

White Beige to white Dense and cotton, fluffy with line 
pattern mycelia from centre

AM4 Xylaria sp., Xylaria venosula,  
Xylaria arbuscular

White Beige to white Fluffy with line pattern mycelia 
throughout the plate

AM5 Sordariomycetes sp., Nigrospora oryzae Grey, bit of khaki Dark grey from centre, 
a bit of burgundy

Cotton mycelia with irregular round 
edge pattern

AM6 Corynascus verrucosus, Myceliophthora 
verrucosa, Corynascus similis

Cream to white Light beige Thick mycelia with lines patterns

NM1 Purpureocillium lilacinum White Cream Flat cotton mycelia spreading flat with 
no pattern

AM8 Cladosporium cladosporioides Khaki, green and 
beige at the edge

Dark green Dense from the centre and spread flat 
with irregular lines patterns
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Morphological characteristics of fungi

From the fungal species isolated, of particular interest were 
genera recovered from the insects’ mouthparts, as they could 
be injected into the fruit during feeding. Table 2 shows the 
morphological characteristics of the fungal isolates from the 
coconut bug mouthparts. These include Xylaria, Pestalotiopsis, 
Neopestalotiopsis, Sordariomycetes, Nigrospora, Corynascus, 
Myceliophthora, Purpureocillium, and Cladosporium. Isolates 
showed differences in colour colony, texture, and pattern. 
However, most appeared to be white, cream and beige, with 
mostly cotton textures and line patterns (Figure 1).

Litchi fruit weight loss

Five fungal species found on the mouthparts of coconut bugs 
are economically important, as they are linked to diseases 
affecting key crops (Table 3). Litchis infected with fungi 
exhibited measurable weight loss over the storage period 
(Table 4). Litchis inoculated with AM2 (P. microspora) recorded 
the highest percentage of weight loss (21.58%) compared to the 
other fungal species (Figure 2). NM1 (P. lilacinum) recorded the 
lowest percentage weight loss (18.67%) (Figure 2). Both controls 
had weight loss percentages that were the lowest compared to 
all fungal species, with control 1 (litchis inoculated with sterile 
distilled water) having 10.03% weight loss and control 2 (litchis 
not inoculated) having the lowest with 9.24% weight loss. The 
difference in weight between the initial day and the last day (Day 
14) of storage showed that the litchis with fungal infections did 
not differ statistically significantly from each other, but differed 
significantly from the controls (Table 5).

Litchi fruit colour

During the visual observation of the external colour on the 
fruits, the results showed that all the infected and control fruits 
had a similar-looking brown-coloured pericarp after 14 days of 
assessment (Figure 3). There were no visual symptoms on the 

outside of the infected and controlled fruits, although the fungi 
had caused internal changes.

Severity of litchi fruit decay

Litchis exposed to fungal infection showed varying levels of 
fungal decay internally on the pulp depending on the type of 
fungus (Figure 4). Each fungus uniquely affected the fruits' pulp 
with distinct symptoms. Pestalotiopsis microspora infection 
showed white mycelium on the pulp of the litchi fruit, N. oryzae 
showed a khaki-black mycelium, P. lilacinum showed mycelium 
that is white with a black colour at the centre, Xylaria sp. showed 
pulp with a cocoa colour, and C. cladosporioides showed an 
olive-grey to dull green mycelia. 

The severity was greater on litchis infected with P. microspora 
(AM2), having decay damage of 61%, classified as very severely 

Table 3: Plant pathogenic fungal strains isolated from mouthparts of the coconut bugs and commercial crop species that they have been reported to 
infect.

Fungi Crops Reference

Cladosporium cladosporioides Peas, avocadoes, spinach, and wheat grapes, melons, 
macadamia, and berries.

Latorre et al. (2011); Bensch et al. (2010)

Nigrospora oryzae Sordariomycetes Cotton, maize, rice, wheat, sorghum, corn, ginger, dayflower, 
kiwifruit, and pear.

Zhong et al. (2016); Wang et al. (2021)

Pestalotiopsis microspora Loquat, banana, avocado, guava, blueberry, citrus, macadamia, 
kiwifruit, pecan cashew, pineapple, mango and grapevine.

Bragard et al. (2023);  
Sudhakara Reddy et al. (2016)

Neopestalotiopsis saprophytica Red Guava, macadamia, strawberries, magnolia fruit, and 
Litsea rotundifolia. 

Maharachchikumbura et al. (2014);  
Yang et al. (2021); Wang et al. (2024)

Xylaria spp. Soybean, apple, crab-apple and pear. Ma et al. (2022); Ju et al. (2018)

Table 4: Mean weight (g) ± SD of litchi fruits infected with different fungal species after incubation for a period of 14 days. 

Fungal 
isolate

NM1
Mean ± SD

AM2
Mean ± SD

AM3
Mean ± SD

AM5
Mean ± SD

AM8
Mean ± SD

CTRL 1
Mean ± SD

CTRL 2
Mean ± SD

Day 0 515.3 ± 13.68 c 469.1 ± 14.05 ab 490.9 ± 11.02 bc 449.6 ± 10.63 a 471.9 ± 11.65 ab 438.5 ± 12.80 a 518.4 ± 15.75 c

Day 2 485.0 ± 14.36 cd 443.6 ± 14.45 ab 461.1 ± 8.97 bc 422.3 ± 12.17 a 451.6 ± 9.67 abc 430.0 ± 15.56 ab 511.4 ± 17.64 d

Day 4 475.6 ± 13.90 b 435.4 ± 15.34 a 444.8 ± 10.27 ab 413.7 ± 12.17 a 442.6 ± 9.54 ab 431.1 ± 12.28 a 510.3 ± 15.75 c

Day 6 464.4 ± 13.06 c 424.6 ± 16.48 ab 440.5 ± 7.19 bc 404.3 ± 12.3 a 431.5 ± 9.08 abc 422.7 ± 11.87 ab 502.2 ± 15.53 d

Day 8 456.2 ± 13.22 c 416.1 ± 17.36 ab 433.3 ± 6.82 bc 397.5 ± 12.61 a 423.4 ± 8.60 abc 416.6 ± 11.52 ab 496.6 ± 14.51 d

Day 10 444.8 ± 12.59 c 401.8 ± 18.20 ab 422.0 ± 6.78 bc 386.2 ± 11.93 a 409.8 ± 7.76 ab 408.6 ± 10.72 ab 488.9 ± 14.61 d

Day 12 433.2 ± 12.67 c 387.3 ± 17.53 ab 411.5 ± 6.59 bc 376.1 ± 11.25 a 396.2 ± 8.02 ab 401.2 ± 11.82 abc 480.1 ± 13.50 d

Day 14 419.1 ± 12.82 c 367.8 ± 17.25 ab 399.0 ± 7.61 bc 363.8 ± 10.50 a 378.8 ± 8.87 ab 394.5 ± 13.60 abc 470.5 ± 12.63 d

Predicted mean within columns followed by different lowercase letters differed significantly at the 5% level.

Figure 2: Weight loss percentage of infected and stored litchis over 
a period of 14 days: AM2 = Pestalotiopsis microspora, AM3 = Xylaria sp., 
AM5 = Nigrospora oryzae, AM8 = Cladosporium cladosporioides, NM1 = 
Purpureocillium lilacinum, CTRL 1 = Control 1, and CTRL 2 = Control 2.
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decayed according to the scale used to compare all fungal species 
(Figure 5). The observations showed that the internal quality of 
the control groups remained intact with no decay (Figure 4a 
and b). The infected fruits suggest that the fungal species could 

alter the fruit’s physiological state. Re-isolated fungi from litchi 
fruits showed identical morphological characteristics (colony 
colour, pattern, and texture) to those initially isolated from the 
insect mouthparts, confirming Koch’s postulates.

Figure 3: Observed colour on litchi pericarp during the storage period: (a) Day 0 and (b) Day 14.

Table 5: Difference in mean weight (g) ± SD between the initial day and last day (day 14).

Fungi
NM1

Mean ± SD
AM2 

Mean ± SD
AM3 

Mean ± SD
AM5 

Mean ± SD
AM8 

Mean ± SD
CTRL 1 

Mean ± SD
CTRL 2 

Mean ± SD

Difference in weight (g) 96.22 ± 3.60 b 101.23 ± 3.27 b 91.82 ± 9.07 b 85.79 ± 1.49 b 93.07 ± 7.02 b 44.02 ± 9.12 a 47.95 ± 3.18 a

Predicted mean followed by the same lowercase letter did not differ significantly at the 5% level of significance.

Figure 4: Litchi showing the internal fungal decay severity after 14 days: (a) Control 1, (b) Control 2, (c) Purpureocillium lilacinum, (d) Xylaria sp.,  
(e) Pestalotiopsis microspora, (f) Nigrospora oryzae, and (g) Cladosporium cladosporioides.

Figure 5: Decay severity caused by the fungal species treatments on litchis after 14 days, assessed on a 0 to 5 scale, describing the severity of fungal 
decay: 0 = 0% (no decay); 1 = 1–10% (slight infection); 2 = 11–30% (moderate); 3 = 31–50% (severe); 4 = 51–75% (very severe) and 5 = 76–100% (entire 
infection). Pestalotiopsis microspora = 61% (very severe), Cladosporium cladosporioides = 54% (very severe), Nigrospora oryzae = 49% (severe), Xylaria sp. = 
27% (moderate), and Purpureocillium lilacinum = 25% (moderate).
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DISCUSSION

This study presents the first report of fungal species associated 
with coconut bug in South Africa. The findings contribute to the 
growing body of knowledge on fungal pathogen transmission 
by coreid insects, highlighting their potential role as vectors of 
fungi in agricultural systems. Previous studies have established 
that insect vectors can play a critical role in the transmission of 
plant pathogenic fungi, significantly contributing to crop losses 
and disease outbreaks (e.g., Wielkopolan et al. 2021; Heitmann 
et al. 2021). The identification of these fungi on the coconut bug 
underscores its potential role not only as a direct pest but also as 
a vector of plant pathogens. By linking specific fungal pathogens 
to economically valuable crops, this study builds upon existing 
knowledge and provides novel evidence of the coconut bug’s 
capacity to facilitate the spread of fungal diseases.

Morphological characteristics

Morphological characterisation is a fundamental step in the 
preliminary identification of fungal pathogens at the genus level. 
The morphological features observed in NM1, P. lilacinum, was 
reported by Spatafora et al. (2015), who found that colonies of 
P. lilacinum are typically white with an uncoloured or cream-
coloured reverse side. Similarly, the morphological traits of 
AM2, comprising P. microspora and N. saprophytica, were 
previously observed by Maharachchikumbura et al. (2014) and 
De Jesus et al. (2022). These isolates produced white, cottony 
colonies with aerial mycelia that gradually turned yellowish as 
the culture aged. Additionally, the morphological features of 
AM1, identified as X. adscendens, were in agreement with the 
description by Husbands (2017), who noted that X. adscendens 
forms colonies with radial strands that begin white and later 
develop a warty, canary-yellow mycelial layer.

Sharma et al. (2013) and Marin-Felix et al. (2015) described 
Corynascus verrucosus as producing colonies that are yellowish 
white with a white margin and a brownish to light brown 
reverse, features that were also observed in our AM6 isolates 
(C. verrucosus, Myceliophthora verrucosa, and Corynascus 
similis). Similarly, isolate AM8, identified as Cladosporium 
cladosporioides, displayed colony characteristics reported by 
Bensch et al. (2010), who noted that colonies of C. cladosporioides 
on potato dextrose agar (PDA) are olive-grey to dull green, 
with diffuse mycelial mats forming on the surface. In the 
case of AM3 and AM4, both identified as Xylaria species, the 
observed morphology closely resembled descriptions provided 
by Husbands (2017). Colonies were initially white, gradually 
darkening to a cocoa-brown colour with age, while the area 
near the point of inoculation remained white. The colonies also 
exhibited colourless to yellowish exudate in the aerial mycelium 
and had a reverse that ranged from beige to brownish orange.

Litchi fruit weight loss

The findings from this study demonstrate a significant impact 
of fungal species associated with the coconut bug on litchi 
quality in storage. The results indicate that all five fungal species 
(AM2 = P. microspora, AM3 = Xylaria sp., AM5 = N. oryzae, 
AM8 = C. cladosporioides, NM1 = P. lilacinum) were capable 
of inducing damage and weight loss on the litchi fruits, with 
an average loss of approximately 10 g every two days per 
replicate. Amongst all these, P. microspora induced the greatest 
weight loss of 21.58%. This significant reduction aligns with 
the findings of Suryanarayanan et al. (2012), who reported 
that P. microspora secrete enzymes like cellulases, pectinases, 
and ligninases that causes rapid tissue degradation by breaking 
down the structural integrity of the fruits, leading to softening, 
wilting, and rotting of the fruit, which ultimately culminates 
in weight loss. The extent of tissue degradation observed in this 

study supports the notion that P. microspora has a particularly 
aggressive mode of infection. Purpureocillium lilacinum and 
Xylaria sp. induced the least weight loss. This relatively low 
degradation is consistent with the findings of Chen and Hu 
(2022), who reported that both Xylaria spp. and P. lilacinum 
contain enzymes such as serine proteases and chitinases that 
degrade proteins and chitin which are not the main structural 
components of fruits cells. As a result, their impact on tissue 
breakdown is less significant, leading to less weight loss. Both 
Xylaria spp. and P. lilacinum are reported by Chen et al. (2024) 
and Corrêa‐Moreira et al. (2022) as possible saprophytes, which 
means they generally feed on dead or decaying organic matter 
rather than actively attacking healthy living tissue. They may, 
however, contribute to decay in stressed, weakened or damaged 
fruits. The reduced weight loss of controls can be attributed to 
the absence of fungal degradation and minimal or no enzymatic 
activity occurring to break down the fruit’s cellular structure, 
thus preserving water content and minimising weight loss in 
the control fruits. Although control  2 had the lowest weight 
loss percentage of 9.24% compared to control 1, the weight loss 
in the latter might be because control  1 was inoculated with 
distilled water, which may have made the fruits more vulnerable 
to dehydration when the cuticle was compromised, leading to 
water loss through transpiration or evaporation.

Severity of litchi fruit decay

The varying levels of fungal decay were only observed internally 
on the pulp of the fruit. These results align with the findings of 
Ngolong Ngea et al. (2021), who observed that fungal decay often 
begins inside the fruit, as pathogens typically degrade internal 
cellular structures, leading to rotting, softening, and internal 
discoloration. As a result, internal tissue breakdown may occur 
before any visible external signs of spoilage appear. According 
to our severity scale, fruits infected with P. microspora had 
the highest decay severity (61%), classified as very severely 
decayed. Bhuiyan et al. (2022) describe P. microspora as a 
species that effortlessly and rapidly spreads throughout the 
whole infected fruit, leading to compromised shelf life of fruits 
because of its rapid growth rate, which was also observed in 
our results. The white mycelium of P. microspora on the litchi 
aligns with the observations of Lorenzini and Zapparoli 
(2018) and Valencia et al. (2011), who associated P. microspora 
decay with a fine white mycelium and necrosis of host tissue 
in some fruits. The green mycelium of C. cladosporioides 
aligns with the findings of Briceño and Latorre (2007), who 
reported that grapes affected by Cladosporium rot are usually 
associated with a layer of olive-green mould, a hard patch of 
deterioration, and dehydration. Zhong et al. (2016) and Wang 
et al. (2021) reported that N. oryzae causes brown streaks and 
latent infections in rice, which relates to the colour that was 
observed in our results, but also khaki-black mycelium on 
the litchi. Purpureocillium lilacinum had the lowest severity 
decay of 25%, which was classified as moderate decay. This 
finding supports the study by Castillo Lopez et al. (2014), who 
reported that P. lilacinum has limited detrimental pathological 
effects on the fruits. Similarly, Xie et al. (2016) contested that 
P. lilacinum has a weaker ability to decompose cell walls, 
meaning it may be less pathogenic, which corresponds to 
the observed limited decay. Purpureocillium lilacinum is also 
not likely a fungus associated with post-harvest decay as it is 
known to be used as a biocontrol agent with antifungal and 
antibiosis properties (Chaudhary and Kaul 2011). 

Litchi fruit colour

In this study, we observed that both the inoculated and control 
fruits had the same external (pericarp) brown colour, relating 
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to the observation by Bhushan et al. (2015) that the red rind 
of litchis gradually turns brown during storage. Sivakumar 
and Korsten (2011) also reported that litchis have a relatively 
thick, protective rind that can act as a barrier or delayer to an 
external fungal invasion, preventing visible external changes 
even if the internal pulp tissue is affected. The lack of change 
in the external appearance could also be because the fungal 
spores were inoculated into the fruit, which may have started to 
proliferate internally on the pulp first, taking advantage of the 
fruits’ sugars and moisture. 

Predominant fungal pathogen

Most of these fungus species are predominantly found in fruits. 
Bateman et al. (2016) described that P. microspora can spread 
to the host plants through pests. Comparatively, P. microspora 
recorded the highest weight loss and decay severity. This 
corresponds with the observations of Maharachchikumbura et 
al. (2014), Hosking (2023) and Valencia et al. (2011) regarding 
the ability of the genus Pestalotiopsis to be pathogenic to various 
fruits such as grapes, avocados, kiwifruit, and blueberries. 
Inoculated fruit at the culmination of the study had considerable 
post-harvest infestations, rendering this fruit unmarketable. 
The internal changes may also make the fruit more prone to 
secondary infections from other microorganisms, exacerbating 
the deterioration process. 

The fulfilment of Koch’s postulates in this study, confirming 
that the same organism was responsible for the disease, provides 
clear evidence that fungi associated with the mouthparts of 
coconut bugs are capable of causing disease in litchi fruits. 
These findings suggest that the coconut bug may act as a vector, 
introducing pathogenic fungi during feeding activity and that 
fungal pathogens introduced by the coconut bugs contribute 
significantly to post-harvest fruit deterioration. This insect-
fungus interaction could play a significant role in pre- or 
postharvest fruit damage, reducing the market quality of litchis 
in South Africa. However, it is important to acknowledge that 
this was an artificial study, and the experimental conditions 
may not fully represent natural interactions in the field. In 
natural settings, factors such as pathogen load, environmental 
conditions, and insect behaviour may influence whether 
transmission actually occurs. Therefore, while this study 
demonstrates the potential of these fungi to cause disease, 
further research is needed to investigate their actual role and 
transmission dynamics in natural litchi–insect systems.

CONCLUSION

The findings of this study indicate that the coconut bug may 
act as a vector for a range of plant-pathogenic fungi, including 
genera such as Cladosporium, Corynascus, Myceliophthora, 
Neopestalotiopsis, Nigrospora, Pestalotiopsis, Purpureocillium, 
Sordariomycetes, and Xylaria. Several of the fungal isolates 
recovered from the insects’ mouthparts are known to be of 
significant economic importance due to their pathogenic 
effects on crops. The statistically significant difference in weight 
loss between the inoculated and control fruits underscores 
the critical role these fungal pathogens play in compromising 
fruit quality. These findings provide valuable insights into the 
potential post-harvest risks posed by fungal species associated 
with the coconut bug, highlighting the need for targeted pest 
and disease management strategies. The evidence suggests that 
the coconut bug may act as a vector for economically important 
fungal pathogens, making integrated pest management (IPM) 
essential for reducing fungal infection rates in litchi orchards. 
Future research could further explore this interaction through 
in-orchard artificial inoculation studies to better understand 
the fungis’ effects under field conditions.
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