
   

 *Corresponding author. 

Email: zaiton3338@uitm.edu.my  

eISSN: 2550-2166 / © 2021 The Authors. Published by Rynnye Lyan Resources 

R
E

V
IE

W
 

Food Research 5 (Suppl. 4) : 1 - 14 (2021) 
Journal homepage: http://www.myfoodresearch.com 

A review of common diseases of pineapple: the causal pathogens, disease 

symptoms, and available control measures 

1,2,*Sapak, Z., 3Mohd Faisol Mahadeven, A.N., 1Nurul Farhana, M.H., 1Norsahira, S. and 
1Mohd Zafri, A.W.  

1Centre of Postgraduate Studies, Faculty of Plantation and Agrotechnology, Universiti Teknologi MARA 

(UiTM), Jasin Campus, Merlimau, 77300 Melaka, Malaysia. 
2Sustainable Crop Protection Research Group, Universiti Teknologi MARA (UiTM), Shah Alam, 40450, 

Selangor, Malaysia. 
3Agensi Nuklear Malaysia, Kompleks Jalan Dengkil, 43000 Bangi, Selangor, Malaysia. 

Article history: 

Received: 15 April 2021 

Received in revised form: 2 

June 2021  

Accepted: 16 October 2021 

Available Online: 26 

November 2021 

 
Keywords: 

Pineapple,  

Pathogens,  

Disease symptoms,  

Control measures 

 

DOI: 
https://doi.org/10.26656/fr.2017.5(S4).004 

Abstract 

Pineapple is a perennial fruit-bearing tropical plant that belongs to the Bromeliaceae 

family, which has more than 2500 species. Pineapple is known excellent source of 

minerals and vitamins. It produces substantial calcium, potassium, glucose, the protein-

digesting enzyme bromelain, fibre, vitamin A, B and C. In Malaysia, twelve registered 

varieties of pineapple have been introduced and commercially planted such as Moris 

(AC1), Sarawak (AC2), Gandul (AC3), Maspine (AC4), Josapine (AC5) Yankee (AC6) 

Moris Gajah (AC7), N36 (AC8), MD2 (AC9), View of Sunset (AC10), Madu Kaca 

(AC11), and Keningau Diamond (AC12). The disease is one of the important factors that 

can contribute to the huge losses of pineapple yield worldwide. This review paper aimed 

to discuss the main diseases of pineapple and their control management, particularly in 

Malaysia. The common diseases of pineapple that cause significant yield losses in the 

farms such as mealybug wilt-associated virus, bacterial heart rot, fruit collapse, butt rot, 

fruitlet core rot, black rot, yeasty and fusariosis are highlighted and discussed in detail on 

the causal pathogens, disease symptoms and signs, disease infection and development. 

The available control measures for managing pineapple diseases were also included in this 

paper.    

1. Introduction 

Pineapple (Ananas comosus) is one of the edible 

Bromeliaceae fruits, which is commercially cultivated 

and produced in the tropic and subtropic regions. The 

fruit becomes the second major highest tropical crop 

after mango, where Asia, South Central America and 

Africa pose as the leading pineapple producers in the 

world (Altendorf, 2019). Pineapple production in 

Malaysia is considered a relatively small scale compared 

to other top producing countries such as Costa Rica, 

Brazil, Philippines, China, India, and Thailand. Despite 

that, the pineapple industry in Malaysia has a good 

potential to escalate. This aspiration has been carried out 

by the Malaysian Pineapple Industry Board (MPIB) with 

the aim to help the pineapple industry to achieve 

significant export targets yearly. The first effort can be 

seen in 2014, where the export value increased to $30 

million (USD) as compared to $26 million in 2013. In 

2015, Malaysia has been placed as the 18th largest 

pineapple producer in the world (Geryl, 2015). 

Currently, the pineapple plantation areas in the country 

are 16,000 ha with a total production of 412,720 metric 

tons per year (MPIB, 2015; Noor Baiti et al., 2017). 

According to the MPIB Director-General, the country’s 

production of pineapple had increased between three to 

five percent annually. For instance, in 2019 the country’s 

pineapple production increased to RM 530 million 

compared to RM 502 million in 2018 which was a jump 

of about five percent, with export contributing about 

RM342 million (Bernama, 2019). Therefore, MPIB 

needs more Malaysian especially young generations to 

be involved in pineapple cultivation to take advantage of 

its huge export potential, especially coming from China. 

To encourage more people to be involved with pineapple 

cultivation, the MPIB has introduced five initiatives 

which are premium entrepreneur development individual 

or groups, sustainable pineapple production cluster 

development, premium integrated development, seedling 

entrepreneur development and export promotions 

(MPIB, 2017).  Currently, there are 12 major varieties of 
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pineapple grown by growers either small scale or large 

scale, including Morris, Sarawak, Gandul, Maspine, 

Josapine, Yankee, Morris Gajah, N36, View of Sunset, 

Madu Kaca, MD2 and Keningau Diamond. In pineapple, 

many factors could hamper the quantity and quality of 

pineapple productions and one of them is the disease. 

Diseases of pineapple are always associated with fungi, 

bacteria, viruses, and nematodes. These disease 

pathogens could destroy either major parts of the 

pineapple plant or the whole plant.  In this review, the 

common and disastrous diseases of pineapple found in 

pineapple farms in Malaysia and other countries of 

pineapple producers are highlighted and discussed.  

 

2. Pineapple mealybug wilt 

2.1 Causal agents 

Pineapple mealybug wilt (PMW) disease is present 

in pineapple cultivations throughout the world 

(Hutahayan, 2017; Nyarko and Asare-Bediako, 2019; 

Massé et al., 2021). The disease has an intriguing 

etiology and involves a unique relationship between 

viruses, mealybugs, and ants (Jahn et al., 2003; Dey et 

al., 2018). Mealybugs are vectors of the virus and ants 

play as agents to spread the vector in pineapple farms. 

Mealybugs provide a food source called honeydew to 

ants, and ants provide protection from natural enemies 

and transportation to this vector.  Several distinct virus 

species have been identified that are associated with this 

wilt disease on pineapple. According to Dey et al. 

(2018), there are two species of viruses from the 

Ampelovirus genus, which have been classified as 

pineapple mealybug wilt-associated virus subgroup I 

(PMWaV-1), subgroup II (PMWaV-2), subgroup III 

(PMWaV-3) and two putative of PMWaV-4 and 

PMWaV-5. The PMWaV-2 has a more complex RNA 

genome compared to PMWaV-1 and both viruses are 

commonly reported as the main strains to cause the 

disease (Sether and Hu, 2001; Alvarez et al., 2015). 

However, recently there are many reports on PMWaV-3 

as the strain that has been confirmed to cause PMW in 

some pineapple cultivation areas (Hernández et al., 

2010; Nyarko and Asare-Bediako, 2019; Massé et al., 

2021). All virus strains can be transmitted to pineapple 

plants by insect pests Dysmioccus brevipes and 

Dysmioccus neobrevipes.  Both insect species have a 

special association with ants from genera Pheidole and 

Solenopsis. Many studies reported that the big-headed 

ant, Pheidole magacephala, is the most dominant ant 

species associated with D. brevipes and D. neobrevipes 

(Beardsley et al., 1982; Jahn et al., 2003: Dey et al., 

2018).  

 

2.2 Disease symptoms 

Generally, the pineapple mealybug wilt (PMW) 

disease symptoms can be classified into two types which 

are slow wilt and quick wilt (Carter, 1933; Dey et al., 

2018). In 1967, Carter gave a better explanation of the 

differences between these two types. The author also 

defined the slow wilt as one whose symptoms appear 

after mealybugs have been feeding on the pineapple 

plants for many months (Carter, 1967). The wilt 

symptom is most likely the result of the destruction of 

leaf tissue resulting from the feeding of large numbers of 

mealybugs. Meanwhile, quick wilt is observed 

approximately two months after a sudden period of 

feeding by many mealybugs. The symptoms of quick 

wilt in plants up to six months old include the colour 

change in the inner leaves either too yellow or pink 

(varies by varieties), loss of turgidity, browning of the 

leaf tips (dieback), curling, and drying up (Dey et al. 

2018). In both quick wilt and slow wilt, the plant may 

die, fail to produce fruits, or produce malformed shape or 

smaller fruits than normal fruits if the plant does not 

recover. In the case of the plant recovered from the 

diseases, the new leaves can grow out of the centre of the 

plant (Carter, 1967). In a severe infection, the disease 

gradually spreads from the leaves to the roots that lead to 

root collapse. Sether and Hu (2002a) reported a 35% 

reduction in the yield of plants with wilt disease and 

noted that the earlier the expression of symptoms the 

greater the impact on fruit yields. 

2.3 Disease management 

A direct relationship between high PMW incidences 

in pineapple farms and high populations of mealybugs 

capable of transmitting the viruses was first revealed by 

Sether and Hu (2002a, 2002b). Since then, control of 

mealybug colonies is the predominant method for 

preventing the wilt disease in pineapple plants (Dey et 

al., 2018). Furthermore, Rohrbach et al. (2003) found 

that natural enemies of mealybugs can keep the 

mealybug population under control, however, the 

population of ants needs to be effectively controlled. The 

use of baits such as Amdro® and other insect regulators 

is a popular method for eliminating ant populations 

(Hughes et al., 2002; Dey et al., 2018). Besides ants, 

growers also use some insecticides such as Malathion®, 

Diazinon® and Nemacur® to control the population of 

mealybugs by dipping the planting materials before 

planting and then spraying in the farms (Araya, 2017a; 

Dey et al., 2018). However, there is a possibility this 

spray application of insecticides cannot reach mealybugs 

since the insects could hide within crowns and blossom 

cups of plants (Dey et al., 2018). Various cultural 

practices, such as the removal of old pineapple stumps, 

destroying wilt-infected plants and pineapples after the 
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first ratoon harvest, and initiating fallow periods, have all 

been found to be effective for the integrated management 

of MWP. The use of biological controls for mealybugs is 

also carried out by some pineapple growers in Hawaii by 

using several potential natural enemies such as 

Lobodiplosis pseudococci Felt (Diptera: Cecidomyiidae), 

Nephus bilucernarius Mulsant (Coleoptera: 

Coccinellidae), and Anagyrus ananatis Gahan 

(Hymenoptera: Encyridae), however, none have 

provided sufficient control of mealybugs when ants are 

present (Carter, 1967). Fungal and bacterial pathogens of 

ants are rare because of the antibiotic exocrine secretions 

that ants produce.  

 

3. Heart rot and fruit collapse 

3.1 Causal pathogen 

Bacterial heart rot and fruit collapse are caused by 

the bacterium Dickeya zeae syn. Erwinia chrysanthemi. 

The bacterial pathogen could attack different plant parts 

at a different growth stage, and it is responsible for soft 

rot diseases across a wide range of plant species 

(Yogendra Singh and Purohit, 2017; Nor et al., 2019). 

Fruit collapse is also commonly known as “Ghost 

disease” and “Exploding pineapple disease” (Department 

of Agriculture and Fisheries Queensland, 2018).  The 

first incidence of bacterial heart rot of pineapple was 

reported in Malaysia in 1957 by Johnston and has since 

been described in Costa Rica, Brazil, and the Philippines 

(Rohrbach and Johnson, 2003; Kaneshiro et al., 2008; 

Ramachandran et al., 2015; Nor et al., 2019). The 

pathogen E. chrysanthemi is a Gram-negative bacterium 

from the family Enterobacteriaceae which consists of 18 

species. These 18 species are divided into two main 

groups based on their characteristics namely necrogenic 

group (Amylovora group) and soft rot group (Carotovora 

group). The pathogen E. chrysanthemi belongs to the 

latter group and is regarded as the most commercially 

important soft rotting pathogens (Sahilah et al., 2008). 

This bacterial pathogen has a broad range of host plants 

and is not limited to the tropics but also the subtropics.  

In pineapple, this pathogen causes both bacterial 

heart rot and fruit collapse. Its ability to infect a broad 

range of plants may be attributed to its ability to grow at 

higher temperatures compared to the other soft-rot 

bacteria. Virulence of E. chrysanthemi is related to the 

ability of its strains to produce large quantities of 

endopolygalacturonic transeliminase (Rohrbach and 

Johnson, 2003). This E. chrysanthemi bacterium was 

originally classified as the pectolytic Erwinia spp. but 

was then moved to the genus Pectobacterium and 

classified as Pectobacterium chrysanthemi. In 2005, 

Samson et al. proposed a new genus named as Dickeya 

and separated it into seven species namely Dickeya 

dianthicola, Dickeya dadantii, Dickeya zeae, Dickeya 

chrysanthemi, Dickeya dieffenbachia, Dickeya. 

paradisiaca and Dickeya Solani. Dickeya dadantii and 

D. zeae, as well as nine biovars which are similar to E. 

chrysanthemi (Czajkowski et al., 2015). In their study, 

two strains of E. chrysanthemi from pineapple host 

plants were identified as D. zeae strains from biovar 8 

and D. dadantii strains from biovar 3 (Kaneshiro et al., 

2008; Ramachandran et al., 2015).  

The main source of inoculum is thought to be 

infested juice from freshly collapsed fruits and heart rot 

tissues (Rohrbach and Johnson, 2003; Sahilah et al., 

2008). Rohrbach and Johnson (2003) also stated that 

infested material is less likely a major source since 

bacteria do not survive long on leaf surfaces. Infection of 

pineapple plants takes place via stomata. Bacteria are 

then transmitted to the site of infection through vectors 

such as ants, souring beetle, pineapple tarsonemid mite 

and flies by transporting the bacteria from other 

collapsed fruits to the flowers or from plants with 

bacterial heart rot. Environmental factors such as wind as 

well as windblown rain also help in the transmission of 

the disease. It is also observed that mechanical wounding 

promotes disease apart from burns from urease which 

provides the entry points for the bacteria (Rohrbach and 

Johnson, 2003). Entry into fruits however was 

established to be via the open flowers (Rohrbach and 

Johnson, 2003; Sahilah et al., 2008). These insects are 

believed to be attracted to the nectar available in the 

fruit. Once the bacteria enter the ovary, it remains latent 

until 2-3 weeks before ripening. At this stage, sugar 

levels increase while polyphenol oxidase levels decline 

(Rohrbach and Johnson, 2003). 

3.2 Disease symptoms 

The initial symptom of bacteria heart rot is indicated 

by a water-soaked lesion on the white basal portion of 

the central whorl. Within 72 hrs the light brown streaks 

start to form on the lamina and mesophyll often filled 

with gas-forming and blister-like lesions, characteristic 

of the disease. Infection may then spread to the entire 

basal portion of all leaves of the central whorl before 

spreading to the whole length of the leaves, displaying an 

olive-green leaf colour and a bloated appearance 

(Kaneshiro et al., 2008; Sidik and Sapak, 2021). 

However, if the spread of lesions is halted, a dark 

infection border forms. Distinct blisters are displayed on 

the leaves with fully developed symptoms. As the 

infection progresses, a light brown exudate comes out of 

the blister and leaves would turn light brown to dark 

brown as the leaves slowly begin to rot. Typically, the 

pineapple heart and stem can be easily detached from the 

lower portion of the plant around 1-2 weeks after initial 
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symptoms (Rohrbach and Johnson, 2003; Kaneshiro et 

al., 2008). Around 21 days after the initial infection, the 

whole infected area on the leaf eventually rots. However, 

young pineapple fruit may be latently infected, showing 

a rapid soft rot and collapse at maturity, a disease called 

pineapple fruit collapse (Rohrbach and Johnson, 2003; 

Kaneshiro et al., 2008; Ramachandran et al., 2015).  

Unlike bacterial heart rot, leaf infection in fungal 

heart rot does not extend beyond the white basal portion 

into the mature green areas distinguishing the two 

diseases (Rohrbach and Johnson, 2003). For bacterial 

fruit collapse, the symptoms usually become visible on 

mature fruits 2-3 weeks before ripening characterized by 

an exudation of juice and release of rotten-smelling gas 

bubbles produced by fermentation (Rohrbach and 

Johnson, 2003; Kaneshiro et al., 2008). As the disease 

progresses, the pineapple fruit shell changes colour from 

purple to olive green. Dissection of infected fruit shows 

rotten cavities within the skeletal fibres within the fruit 

(Rohrbach and Johnson; Department of Agriculture and 

Fisheries Queensland, 2018). 

3.3 Disease management 

Once a pineapple plant is infected, the disease could 

destroy the whole plant and spread to other healthy 

plants. Therefore, the need for effective controls to 

contain the disease spread is crucial. To date, 

conventional techniques are used in the control of 

bacteria heart rot disease. The key factor to prevent low 

bacterial heart rot incidences from becoming widespread 

is through sanitation. Since infested juice provides the 

main source of inoculum, all infected plants must be 

destroyed or removed from the field. As for seed 

material, crowns or slips from plants showing symptoms 

of fruit collapse or from areas with a high incidence of 

fruit collapse should not also be used. Other than that, 

mechanical damage also plays a role in disease spreading 

and therefore should be kept minimum especially during 

the critical period when plants are susceptible to 

infection and when low levels of disease are present. 

Usage of miticide and insecticides also showed partial 

control of bacterial heart rot in the Philippines (Rohrbach 

and Johnson, 2003). Ant control is also practised in 

Malaysia to minimize the spread of disease from infected 

to healthy plants since ants are the main vectors of the 

pathogen (Department of Agriculture, Water and the 

Environment, Australia, 2012). Another measure 

employed in subtropical climates to prevent bacterial 

heart rot is by using resistant cultivars instead of the 

relatively susceptible cultivars (Rohrbach and Johnson, 

2003). However, none of those techniques is satisfactory 

due to the resistant strains and the effect of chemical 

treatments on the environment (Nor et al., 2019). Despite 

exercising these cultural practices and control measures, 

disease incidence in Malaysia is 0–40% for these two 

diseases which indicates these measures are not fully 

able to prevent disease occurrence in new locations 

(Fisheries and Forestry, 2012). Presently, most of 

pineapple growers still apply chemical pesticides such as 

benomyl for managing both diseases in their farms. In 

our recent study showed that benomyl is no longer 

effective to inhibit the growth of D. zeae, however, 

chemical pesticides such as difenoconazole and 

mancozeb were found effectively to suppress the 

pathogen and reduce the disease severity in pineapple 

plants (Sidek and Sapak, 2021).  A recent exploration of 

biological control agents such as Trichoderma 

asperellum with a good formulation would be an 

alternative control method to reduce the application of 

chemical pesticides in managing the disease in pineapple 

farms in Malaysia (Ishak et al., 2021).  

  

4. Fruitlet core rot 

4.1 Causal pathogen 

Fruitlet core rot (FCR) affects pineapple fruits and 

normally the infected fruits become unfit for 

consumption. Many researchers attributed the disease to 

Penicillium funiculosum (Barker, 1926; Thompson, 

1937; Lim and Robarch, 1980; Barral et al., 2020). At 

the same time, other studies associated the disease with 

the Fusarium spp. (Larsen, 1910; Gu et al., 2015; Barral 

et al., 2020; Vignassa et al., 2021). In 2010, Jacobs et al. 

used molecular tools to identify the causal pathogen and 

revealed that Fusarium ananatum is a responsible 

pathogen for FCR and this species is different from 

Fusarium guttiforme, the causal pathogen of Fusariosis. 

Later, F. ananatum was also identified on commercial 

pineapples from Costa Rica, Ecuador, Hawaii, and 

Honduras (Stępień et al., 2013) and in China (Gu et al., 

2015). In Malaysia, Lim (1985) reported that P. 

funiculosum is a main causal pathogen of FCR from the 

diseased samples collected from Peninsular Malaysia. 

This fungal pathogen, P. funiculosum was renamed 

Talaromyces funiculosus (Samson et al., 2011; Yilmaz et 

al., 2014; Barral et al., 2020). A recent study by Ibrahim 

et al. (2017) claimed that there is no evidence of F. 

ananatum as a causal pathogen of FCR in this country, 

however, the authors found several species of Fusarium 

that are associated with fruit rot of pineapple sampled 

from several pineapple farms in Peninsular Malaysia 

including Fusarium proliferatum, Fusarium sacchari, 

Fusarium verticillioides and Fusarium spp. where 

Fusarium proliferatum is the most common species 

found from the infected tissues of fruit rot.  

4.2 Disease symptoms 

Disease symptoms of FCR can be described as the 
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browning of the flesh under the blossom cup of mature 

fruit. The black spot can spread to the core but remains 

confined to the fruitlet (Barral et al., 2020). Normally, 

the browning flesh remains quite firm, dry rot type, and 

limited to a single infected fruitlet (Gu et al., 2015). This 

browning is the result of the oxidation of phenolic 

compounds into quinones by the enzymes polyphenol 

oxidase and laccase (Avallone et al., 2003). Several 

studies revealed that soluble and cell wall-bound 

phenolic acids in the pineapple fruit parenchyma 

increase significantly after the onset of the first 

symptoms of FCR (Steingass et al., 2015; Barral et al., 

2019; Barral et al., 2020). These compounds provide 

antifungal activity on several species of fungi including 

causal pathogens of FCR (Barral et al., 2020).  

4.3 Disease management 

A common method used for controlling FCR in 

pineapple farms is the application of fungicides. Petty et 

al. (2005) showed that the application of a combination 

of two fungicides at flower induction gave a significant 

reduction in the total number of black spots per fruit. 

Besides chemical fungicides, the use of essential oils 

such as eucalyptus oil, as well as extraction oils from 

Acalypha wilkensiana and Syzygium aromaticum have 

shown positive results in controlling the disease 

(Adewuyi-Samuel et al., 2019). This disease is also 

associated with physical injuries on fruit skin due to 

sunburn and insect pests; therefore, most growers in 

Malaysia particularly for pineapple variety MD2 use 

either fruit foam net or netting to protect their pineapple 

fruits from direct sunlight. 

 

5. Butt and black rot 

5.1 Causal pathogen 

Butt rot and black rot of pineapple are caused by the 

same fungal pathogen, Thielaviopsis paradoxa (de 

Seynes) Hohn (anamorph). This pathogen is an 

Ascomycetes fungus (Sánchez et al., 2007; Hewajulige 

and Wijesundera, 2014) and possess both asexual and 

sexual reproductive stages that represent the formation of 

anamorph and teleomorph states of fungi, respectively. 

The teleomorph state for T. paradoxa is known as 

Ceratocystis paradoxa (Dade) C. Moreau (Hewajulige 

and Wijesundera, 2014). Anamorph of T. paradoxa 

normally produces infective spores and thick wall resting 

spores during the growing season. The infective spores 

known as conidia can be divided into two, namely 

macrospores and microspores. The macrospores are 

responsible for the blackening of the infected tissue 

during the final stage of disease development. 

Meanwhile, Swaroop Kumar (2007) reported that 

mycelium and chlamydospores also can turn the infected 

tissues into black rot. In T. paradoxa, the 

chlamydospores or aleurioconidia act as resting spores to 

survive in the soil during critical conditions (Abdullah et 

al., 2009). Most of the time, the teleomorph state of C. 

paradoxa is seldom found in a natural setting, especially 

in a growing season. Ascospores produced by C. 

paradoxa are considered less virulent and only attack the 

host plant under stress conditions such as overwintering 

(Álvarez et al., 2012). Besides that, T. paradoxa also has 

a special mode of life which is known as a facultative 

parasitic fungus (Larsen, 1910; Reyes, 1999). Reyes 

(1999) reported that T. paradoxa may become a 

saprophyte when it is found on dead tissues and become 

a parasite when it infects healthy tissues. However, T. 

paradoxa is mainly considered as a wound parasite that 

seizes opportunity through the wound into hosts. This 

pathogen can be disseminated through wind, water, soil, 

insects, or rodents to cause the diseases (Elliott, 2006). 

5.2 Disease symptoms  

Butt rot is different from black rot and can be 

differentiated by the disease symptoms. The symptoms 

of butt rot can be clearly seen on the rotten tissues at the 

base of suckers, crowns, and slips stem tissues before or 

promptly after planting (Joy and Sindhu, 2012). The rate 

of infection increases during warm and wet conditions as 

these conditions are very suitable for pathogenic fungi to 

grow (Nurnadirah et al., 2018). Normally, the pathogen 

invades into the host plant via wounds or any 

microscopic cracks, leaving the basal stem tissue soft 

and stringy. As the infection progresses, the infected 

tissue will turn to grey-black and eventually decay 

(Rohrbach and Johnson, 2003; Joy and Sindhu, 2012; 

Nurnadirah et al., 2018). Consequently, the planting 

materials fail to grow, become stunted, and limit the 

production of pineapples in the field. Sometimes, there is 

confusion between butt rot symptoms and bacterial heart 

rot disease. The only difference is that the young leaves 

remain attached during stem tissue loss.  Black rot is a 

well-known postharvest disease. The infection starts 

mainly at the broken peduncles during or after harvesting 

(Swaroop Kumar, 2007; Joy and Sindhu, 2012) but 

infection may also start through wounds, insect 

punctures or natural opening on the flesh region 

(Snowdon, 2010). Pineapple fruits that suffer from 

translucency will be more susceptible to black rot disease 

infection (Reyes et al., 2004). Translucent pineapple is 

more prone to mechanical injury and the leaking juice 

from the broken peduncle or damaged area makes them 

remain wet after harvest which in turn triggers the 

growth of fungal disease (Paull and Reyes, 1996; Chen 

and Paull, 2000; Reyes et al., 2004). The symptom of 

infection on the broken peduncle can be observed 

through the existence of circular and water-soaked spots. 
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Then, the spots enlarge extending over the flesh region 

and making fruit watery, soft, and disintegrated with 

black patches (Wijesinghe et al., 2010). The black rot 

infection may occur before harvesting but the symptoms 

are rarely to be seen by farmers in the fields as the 

symptoms develop during storage (Snowdon, 2010; 

Adikaram and Abayasekara, 2012). Normally, the 

disease takes 3-4 days to develop after harvest (Joy and 

Sindhu, 2012). In Malaysia, Morris, Sarawak and MD2 

pineapples were reported prone to this black rot disease 

(Thalip et al., 2015; Singh et al., 2018). 

5.3 Disease management 

There are several control methods in managing butt 

and black rots such as cultural, chemical, physical, and 

biological methods. For controlling butt rot, planting 

materials need to be handled with care during separation 

from the fruit or plant to avoid a big wound. The planting 

tools and equipment need to be sanitised properly to 

avoid contaminants from soils or infected areas. The butt 

of planting materials also should be exposed to sunlight 

while storage. During wet weather, the butt of planting 

materials should be treated with recommended 

fungicides (Joy and Sindhu, 2012). In Australia, 

triadimenol and propiconazole are used to control the 

disease, and 1% Bordeaux mixture, and 0.25% Copper 

oxychloride are used In India prior to the planting by 

dipping, spraying, or drenching (Joy and Sindhu, 2012). 

Untreated planting material with a high inoculum of T. 

paradoxa would increase the disease incidence up to 

100% (Rohrbach and Johnson, 2003; Sipes and Wang, 

2017). Besides that, soil drainage should be improved 

and planting in the rainy season is preferably avoided 

(Joy and Sindhu, 2012). In addition, Nurnadirah et al. 

(2018) found four bacteria isolated from infected soil in 

the pineapple field that have strong antagonistic activity 

against T. paradoxa. All four bacteria were then 

identified morphologically as Pseudomonas sp., Bacillus 

sp., Chromobacterium sp. and Serratia sp. These 

findings suggested that the ability of biological control 

agents to control butt rot disease should be further 

explored in the future. As for controlling black rot 

disease, farmers are advised to minimise mechanical 

damage or wound during harvesting. Damaged fruits and 

cracks due to sunburnt should be eliminated before being 

marketed (Joy and Sindhu, 2012). The harvesting tools 

should also be sanitised properly to avoid infection on 

the broken peduncles. Sun drying of the peduncles also 

help to reduce the black rot incidence. Rohrbach and 

Johnson (2003) suggested dipping the broken peduncles 

into approved fungicides before stored at 9°C to preserve 

the quality of pineapple fruit. In Malaysia, the broken 

peduncles are dipped into benzoic acid and benomyl to 

control the severe infection (Eng, 2009). Acetic acid dip 

treatment of 4-5% was reported to be capable of 

reducing black rot disease of pineapple during seven 

days storage at 28±2°C (Wijeratnam et al., 2006). 

Furthermore, Wijeratnam et al. (2005) proved that 

dipping the cut end of the pineapple peduncles into 54°C 

of hot water within 3 minutes successfully controlled the 

black rot disease. Biological control agents such as yeast 

of Pichia guilliermondii and fungus of Trichoderma 

asperellum were reported to control the pathogen of 

black rot disease (Reyes et al., 2004; Wijesinghe et al., 

2010; Wijesinghe et al., 2011). 

 

6. Leaf spot, stem end rot and fruitlet rot 

6.1 Causal pathogen 

Leaf spot diseases of pineapple are always 

considered less important unless the diseases severely 

attack the whole plant. Many leaf spot diseases have 

been reported on pineapple plants such as leaf spot 

caused by Exserohilum rostratum (Luo et al., 2012) and 

leaf spot caused by Curvularia clavata (Zhong et al., 

2016) found in China. Leaf spot disease can also be 

caused by Chalara parodoxa as reported by Joy and 

Sindhu, (2012) in India. In Malaysia, leaf spot disease 

found on pineapple leaves has been associated with 

several Fusarium species as reported by Ibrahim et al. 

(2017). These fungal pathogens are considered important 

as they do not only attack leaves but also other pineapple 

plant parts such as butt (C. paradoxa) and fruits 

(Fusarium spp.). Recently, Kuruppu et al. (2020) 

reported that the fungus Neoscytalidium dimidiatum can 

cause stem-end rot of pineapple particularly on pineapple 

MD2 variety in Malaysia. In our research (unpublished 

data), this fungal pathogen can also cause brown leaf 

spot disease on pineapple leaf and fruitlet rot on 

pineapple fruit (Figure 1). However, the fungus can only 

cause severe infection on the leaves with injuries caused 

by insect pests or mechanical injury. For fruitlet rot, 

there is a high possibility that the fungus enters the fruit 

at the early stage of fruit development, 60 days after 

flower induction with hormone.   

 6.2 Disease symptoms 

Luo et al. (2012) described that leaf spot disease 

caused by E. rostratum as grayish white to yellowish-

white spots emerged on the leaf surfaces that ranged 

from 1.0 to 2.4 × 0.3 to 0.7 cm in the early stage of 

infection. The spots also displayed a distinctive light 

brown to reddish-brown banding pattern on the edges. 

Later, several spots would often merge to form large 

lesions, covering more than 67% of the leaf surface, 

which can lead to plant death. Meanwhile, leaf spot 

symptoms caused by C. clavata are water-soaked, 

yellow, chlorotic, or necrotic spots and greyish-brown 
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irregular lesions (0.8 to 4.2 cm), predominantly on the 

leaf margin and main veins (Zhong et al., 2016). These 

two types of leaf spot diseases have not been recorded in 

Malaysia, however, Ibrahim et al., 2017 described the 

leaf spot disease caused by several species of Fusarium 

as small necrotic spots that changed to brown and dark-

brown lesions as the disease developed. In our 

observation, leaf spot disease caused by N. dimidiatum 

started with small brown spots then eventually these 

spots lengthen rapidly to more than 20 cm. Normally, the 

colour of the infected area turns cream or almost white, 

but the margins of the spot often remain brown (Figure 

1). This fungal pathogen also causes stem-end rot disease 

and the disease symptoms have been explained by 

Kuruppu et al. (2020) as brown and rotten fruit skin near 

the stem end region or darker skin with black 

discolouration.  

6.3 Disease management 

Some of leaf spot diseases on pineapple are 

considered less importance, therefore, not many control 

methods have been proposed and discussed (Joy and 

Sidhu, 2012). In our observation in pineapple farms 

(unpublished data), this leaf spot disease occurred in 

relation to plant injuries due to sucking and chewing by 

insects. Controlling insect pests in the farms and 

maintaining a good sanitation could help to reduce these 

leaf spot diseases and other diseases. 

 

7. Fusariosis 

7.1 Causal pathogen 

Fusariosis of pineapple is always associated with 

several species of Fusarium fungi. In Brazil, Fusarium 

guttiforme has been reported to cause the disease with an 

estimated loss of about 30-40% (Carnielli-Queiroz et al., 

2019).  Meanwhile, Jacobs et al. (2010) demonstrated F. 

ananatum as the emerging species involved in pineapple 

fruit lesions in South Africa. Stępień et al. (2013) 

discovered that more species of Fusarium fungi could be 

associated with Fusariosis including Fusraium 

concentricum, Fusarium fujikuroi, Fusarium 

incarnatum, Fusraium oxysporum, Fusarium 

polyphialidicum, Fusarium proliferatum, Fusarium 

temperatum and Fusarium verticillioides based on 

diseased fruits collected from Costa Rica, Ecuador, 

Honduras, Hawaii, Indonesia, and Vietnam. In 

Peninsular Malaysia, Ibrahim et al. (2016) found that 

Fusarium fujikuroi is the causal pathogen of Fusariosis 

disease. In their phylogenetic analysis, the isolate of F. 

fujikuroi is grouped into different clades from F. 

proliferatum although morphologically, F. fujikuroi is 

similar to F. proliferatum. Besides F. fujikuroi, they also 

discovered other Fusarium species from infected fruits 

with fusariosis symptoms from varieties of Gandul, 

Josapine and Moris namely F. semitectum and F. 

chlamydosporum. Emerging new Fusarium species as 

causal pathogens of Fusariosis in Malaysia can be related 

to trading and exchange of planting materials between 

plantations (Ibrahim et al., 2016) . 

7.2 Disease symptoms 

Common symptoms of the disease are lesion and 

brown discolouration of the fruitlet, rotten or sunken 

fruit skin and stem, gum exudation on some fruits, dry 

rot on the leaf, stem bending, chlorosis, increasing 

number of leaves per spiral and natural cracks on the 

fruits (Korres et al., 2011; Ibrahim et al., 2016).  

7.3 Disease management 

A good culture practice by destroying crop residues 

in pineapple farms to avoid the emergence of resistant 

structures of fungal pathogens such as chlamydospores 

that could remain a long time in the soil is highly 

recommended, as discussed by Ventura et al. (1993). 

Sanitation and treatment of planting materials with 

fungicides such as benomyl or captafol have been 

conducted by most pineapple growers to reduce the 

disease incidence in the farms. Hot water treatment at the 

temperature of 54°C for 90 min is also suggested to 

reduce the disease infection on planting materials 

(Ventura et al., 1993). There were also many studies on 

producing new pineapple varieties which are resistant to 

the disease (Cabral and De Mantos, 2007; Ventura et al., 

2009; Viana et al., 2020). The uses of biological control 

agents for controlling the disease have also been 

reported. Korres et al. (2011) studied the potential of 

Figure 1. Leaf spot disease found on pineapple leaves in Perak 

in 2017. (a-b) The disease symptoms can be observed on the 

leaves when the infected area turns to cream then white in 

colour, but the margins of the spot often remain brown. (c-d) 

The fungal pathogen identified as Neoscytalidium dimidiatum 

grown on media and the microscopic structures under light 

microscope (40x magnification). 
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yeasts, while De Souza et al. (2016) and Trocoli et al. 

(2017) studied the usage of Trichoderma spp. Besides 

microbes, an essential oil such as thyme oil is also used 

for controlling the pathogen (Vilaplana et al., 2018). 

However, the use of chemical fungicides remains the 

main method for controlling the disease in many 

pineapple farms. For instance, combinations of several 

fungicides such as azoxystrobin, cyproconazole, 

carboxin, thiram, tebuconazole and methyl thiophanate 

in different concentrations have been tested for 

Fusariosis control in the pineapple field in Brazil 

(Nogueira et al., 2014).  

 

8. Yeasty  

8.1 Causal pathogen 

The yeasty disease of pineapple is caused by several 

species of yeast such as Hanseniaspora valbyensis, 

Saccharomyces spp. and Candida spp. (Rohrbach and 

Johnson, 2003). There are not many reports on the yeasty 

disease of pineapple in Malaysia. In our diseased fruit 

samples collected in Klang, Selangor in 2017 MD2 

pineapple fruits have been attacked by yeast of Candida 

sp. (Unpublished data) and this species of yeast has also 

been reported in Brazil (Korres et al.,2010) and India 

(Joy and Sidhu, 2012). 

8.2 Disease symptoms 

Disease symptoms of yeasty can be described as 

bubbling exudation of gas and juice through the crack or 

injury on the infected area.  The skin then turns olive 

green and the pulp becomes spongy. Finally, all that 

remains of the fruit is the shell and spongy tissue (Joy 

and Sindhu, 2012).   

8.3 Disease management 

The yeasty disease of pineapple is commonly found 

in mature fruit and the pathogen is easily widespread in 

overripe or damaged fruits. Preventing damage or injury 

on fruit skin from insect pests can reduce the disease 

incidence in the farms. Joy and Sidhu (2012) suggested 

removing any fruit showing fractures between fruitlets at 

the earliest stages of fruit maturity to minimise losses.   

 

9. Diseases caused by nematodes 

9.1 Causal parasite 

Several species of parasitic nematodes have been 

reported on pineapple such as root-knot (Meloidogyne 

javanica and Meloidogyne incognita), lesion 

(Pratylenchus brachyurus) and reniform (Rotylenchulus 

reniformis) (Guerout, 1975; Rabie, 2017). The 

importance of nematodes that are responsible for the 

losses in pineapple farms have been recorded in Costa 

Rica (Araya, 2017b), Peru (Vera Obando et al., 2017), 

France (Soler et al., 2021), Africa (Coyne et al., 2018) 

and Nigeria (Daramola et al., 2013). In Malaysia, 

Masdek et al. (2007) reported a high occurrence of 

Paratylenchus sp. and a low population of 

Aphelenchoides sp. and Pratylenchus sp. in commercial 

pineapple farms. The authors concluded that pineapple 

yield decline on peat soil was most likely due to the 

nematode Paratylenchus sp. This nematode was found 

throughout the growth stages of the crop and the highest 

population was observed on the oldest plants, especially 

in highly acidic peat soil (Masdek et al., 2007). 

9.2 Disease symptoms 

Pineapple plants infected by root-knot nematodes 

can be noted by the symptoms of galls that develop on 

the roots because of feeding by active second-stage 

juveniles (Rabie, 2017).  A high number of galls and 

branching are an indication of severe root-knot nematode 

infection. This results in a stunted root system which 

makes the plants more susceptible to nutrient and 

moisture stress. Furthermore, root-knot nematode galls 

on pineapple roots may often be invaded by various 

fungi that cause the galls to turn black and rot internally 

(Back et al., 2002).  Meanwhile, symptoms of root 

damage caused by lesion nematodes are hard to detect. 

Black, necrotic lesions may be visible where the 

nematodes penetrate but the lesion can extend across the 

entire root surface (Rabie, 2017). Although root growth 

continues after lesion nematode infection, it stops after 

penetration of the secondary roots by these pests. Root 

systems of pineapple plants infected with numerous 

lesion nematodes can be devoid of secondary roots and 

consist only of poorly developed primary roots (Sipes et 

al., 2005, Masdek et al., 2007). Infection by lesion 

nematodes ultimately destroys the parenchyma tissues of 

roots, while the cortex separates from the central 

cylinder (Guerout, 1975). Above-ground symptoms of 

nematode infected pineapple plants resemble the 

symptoms of nutrient deficiency. Severe root injury 

would disturb the nutrient uptake by the plant, especially 

potassium uptake, which would subsequently affect crop 

growth and would finally result in low productivity and 

low fruit quality (Masdek et al., 2007).  

9.3 Disease management  

Several control methods used by pineapple growers 

to manage nematode attacks include cultural practices, 

nematicides, biological control and integration of these 

available methods to achieve the best control 

management. Removal of infected plants from the fields 

is the most suggested method to reduce the incidence for 

the next planting. Application of nematicides has 

remained the most common short-term management 
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strategy against nematodes (Hajihassani et al., 2019; 

Medina-Canales et al., 2019). Recently, several 

chemicals such as methyl bromide and aldicarb have 

been withdrawn from the market due to environmental 

and human health concerns and toxicity to non-target 

organisms (Kim et al., 2018; Xiang et al., 2018). 

Nevertheless, new products continue to become 

commercially available and are evaluated for nematode 

management. Currently, the uses of biological control 

agents such as Trichoderma spp. and Purpureocillium 

Lilacinum and essential oils, plant extracts, acids such as 

organic and amino acids, natural bioactive substances, 

green manure, and industrial wastes have been explored 

by many studies for managing nematode attacks on 

pineapple plants (Kiriga et al., 2018; Forghani and 

Hajihassani, 2020; Soler et al., 2021). Other strategies 

such as ozonated water (Veronico et al., 2017), silicon 

(Roldi et al., 2017) and steaming and solarization 

(Kokalis-Burelle et al., 2016) could be also as new 

strategies to control nematodes in pineapple farms. 
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