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Pineapple mealybug wilt disease (PMWD) is a complex and most destructive viral disease constraining pineapple production
world over. Pineapple mealybug wilt disease is transmitted by mealybugs (Dysmicoccus species). Currently, in Uganda, the
population of Dysmicoccus brevipes that can transmit PMWD is not known. Yet, closing this knowledge gap would provide a better
understanding of PMWD etiology and development of sound management strategies. Experiment was laid out in a completely
randomized design (CRD) with four replications in the screenhouse at the Faculty of Agriculture, Kyambogo University during
the period 2017 and 2018. Pineapple variety Smooth Cayenne was inoculated with five levels of viruliferous mealybugs including
one (1), five (5), ten (10), fifteen (15), and a control (uninoculated). Data collection commenced on symptoms appearance and
continued on a 15-day interval for a period of two months. Data were collected on the incidence and severity of PMWD. All the
data collected were analysed using Genstat computer programme. Results showed that the number of mealybugs significantly
(p <0.05) affected the incidence and severity of PMWD during both trials. Although one viruliferous mealybug was able to
transmit PMWD virus, the efficacy of transmission was recorded with the highest number of mealybugs per plant. It was,
therefore, concluded that the higher the number of viruliferous mealybugs colonising a pineapple plant, the higher the incidence
and severity of PMWD. The result of this study, therefore, adds to the pool of knowledge on the understanding the population
density of mealybugs transmitting PMWD as well as provide insights to improvement of mealybug vector monitoring as a key
component of integrated PMWD management.

1. Introduction

Pineapple (Ananas comosus (L.) Merr.) is among the most
commercialised edible fruits in the Bromeliaceae family in
the tropical and subtropical countries around the world
[1-4]. Globally, pineapple production was estimated at 28
million metric tonnes in 2020 [5]. Notable amongst, the
major global producers are Philippines (2.7 million metric
tonnes), Costa Rica (2.6 million metric tonnes), and Brazil
(2.5 million metric tonnes) [5]. In Africa, the major producers
are Nigeria, Kenya, Democratic Republic of Congo (DRC),
Ivory Coast, Guinea, and South Africa [6]. In Uganda,
pineapple production is predominantly concentrated in the

central region around the Lake Victoria basin crescent with
Smooth Cayenne being the predominant variety grown [7, 8].
However, pineapple production in Uganda and elsewhere is
under threat from a diversity of constraints including diseases
such as pineapple mealybug wilt disease [5, 7, 9, 10]. Indeed,
PMWP is a complex, significant, and the most destructive
viral disease constraining pineapple production world over
[10-14]. PMWD is transmitted by two mealybugs species,
namely, Dysmicoccus brevipes (pink mealybug) and Dysmi-
coccus neobrevipes (gray mealybug) [15-18]. For instance, in
Colombia, a survey indicated a 32% prevalence of PMWD due
to Dysmicoccus brevipes [10]. Similarly, in Indonesia, a prev-
alence of PWMD of 15.6-21.6% was attributed to
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Dysmicoccus brevipes [19]. In Peru, incidence of 70%-90%
was reported in hybrid MD-2 and cultivar Hawaiiana of
pineapple [20].

Pineapple Mealybug Wilt Disease is associated with
mealybug wilt-associated virus PMWaV-1,2, and 3 as im-
portant viral pathogens [12, 19, 21-24]. The infection by these
viruses can be single or mixed [20, 21, 25], hence unleashing
varying effects. According to [26], PMWaV-1 is correlated
with growth reductions of plant crop and yield reductions in
the ratoon crops, whereas PMWaV-2 infection and mealybugs
feeding are necessary for the development of PMWD. In Peru,
both single and mixed infections by PMWaV-1, 2, and 3 were
detected in symptomatic samples [20]. Pineapple mealybug
wilt disease is a syndrome characterised by wilting, pinkness
and/or redness of leaves, drying of the leaf tips, inward leaf
curling, stunting, root decaying, and collapse of the whole
plant [5, 27, 28]. PMWD symptom development depends on
factors such as population of mealybugs and access acquisition
time (AAT). In addition, symptom development due to
mealybug exposure is also reported to depend on pineapple
hybrid, origin of planting material, and growing location [29].
Unless controlled, severe PMWD infection is reported to cause
yield loss of 35% [30] or between 25% and 100% [23].
According to [12] in China, a PWMD incidence of 60% led to
20% production and economic losses. However, the magni-
tude of yield loss depends on time of symptom development
and stage of disease onset among other factors [30]. Moreover,
understanding the comparative efficiency of virus trans-
mission and factors that affect virus transmission competence
is paramount [31]. Currently, in Uganda, the mealybug
population threshold that can transmit PMWD is not known.
Yet, closing such knowledge gaps would provide a better
understanding of PMWD etiology and the development of
sound control mechanisms [17]. According to an earlier report
by [32], Dysmicoccus brevipes is the most prevalent species of
mealybugs in Uganda, with infestation ascribed to cropping
systems, soil management practices, and farm type. With the
variability in the infestation behaviour, understanding Dys-
micoccus brevipes population density that can transmit PMWD
is vital. Therefore, this study was conducted to determine the
effect of mealybug population density on the symptomatology
of PMWD in central Uganda.

2. Materials and Methods

2.1. The Experimental Site. The experiment was conducted
in a screenhouse at the Faculty of Agriculture, Kyambogo
University, Uganda, during 2017 and 2018. Kyambogo
University is located 8km east of Kampala Capital City
Centre along the Kampala-Jinja highway by road and lies on
the coordinates 0° 20'54.0"N 32° 37'49.0"E [33].

2.2. Test Plant Material Collection and Detection of Latent
Infection. Pineapple suckers of Smooth Cayenne variety used
in this study were collected from the districts of Mukono,
Kayunga, Luwero, and Masaka in Central Uganda. Suckers
were physically inspected and those found to be free from
pineapple mealybug and pineapple mealybug wilt disease
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symptoms were transported to Kyambogo University for
laboratory analysis. Later, suckers were assayed for latent
disease infection using polymerase chain reaction (PCR) with
specific primers targeting the associated viruses PMWaV-2
(primer set 223/224) and PMWaV-1 (primer set 225/226)
[34]. The symptomatic diseased plants with mealybugs were
used as the inoculum source.

2.3. 'The Experimental Design, Treatments, Potting, and
Management. The experiment was laid out in a completely
randomized design (CRD) with four replications per treat-
ment during both trials. The treatments included inoculation
of pineapple plants with five levels of viruliferous mealybugs,
namely, one (1), five (5), ten (10), fifteen (15), and the control
(uninoculated). Forest soil sterilized by direct heating was
filled in pots (6 kg) and suckers planted. The test plants were
placed in individual cages in the screenhouse to restrict
dispersal of mealybugs by ants and wind. Caging also limited
potential mealybug predators (Figure 1). The summary of the
steps involved in the study is highlighted in Figure 2. Other
insects were controlled by maintaining good sanitation in and
around the screenhouse. Watering and weeding of pineapple
suckers were done as and when necessary.

2.4. Inoculation. The pink mealybugs obtained from dis-
eased pineapple plants were given access acquisition period
(AAP) of seven (7) days as described by [15]. A sub-
population of the mealybug vectors was randomly assayed
for their viruliferous potential by PCR (Figure 3) [15, 34].
The viruliferous mealybugs were transferred onto the test
plants using a fine paint brush. Monitoring for the in-
oculation access period (IAP) was done prior to the com-
mencement of data collection.

2.5. Data Collection and Analysis. Data were collected after
15 days of the inoculation access period (IAP) and continued
at an interval of 15 days for a period of two months [15].
Incidence was assessed as the number of disease-infected
plants expressed as percentage of the total number of plants
per unit area. Severity was calculated from the average
number of chlorotic spots from three leaves per plant and
scored using a modified scale of 0-5, where 0 =no chlorotic
spot, 1=1-5 chlorotic spots, 2=6-13 chlorotic spots,
3=14-20 chlorotic spots, 4=21-26 chlorotic spots, and
5=27 and above chlorotic spots on the leaves [35]. Data
collected were subjected to one-way analysis of variance
(ANOVA) of the Genstat Computer Programme 14" edition
[8]. Significant differences between the means were separated
using the least significant test (LSD) at 5% probability level.

3. Results and Discussion

The incidence of PMWD was significantly (p < 0.05) affected
by the number of mealybugs during both trials (Table 1).
During both trials, the highest and lowest incidences of
PMWD at 15DAI were recorded in the plants inoculated
with 15 mealybugs and 1 mealybug, respectively. A similar
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F1GURE 1: Cages showing pineapple plants inoculated with different
levels of mealybugs to prevent mealybug dispersal by ants and wind
at the Faculty of Agriculture, Kyambogo University, 2017 and 2018.

trend was observed at 30DAI, 45DAI, and 60DAI during
both trials (Figures 4(a) and 4(b)). The severity of PMWD
was significantly (p<0.05) affected by the number of
mealybug (Table 2). During both trials, the highest and
lowest PMWD severity was recorded in the plots with 15
mealybugs and 1 mealybug, respectively. A similar trend was
observed at 30DAI, 45DAI, and 60 DAI during both trials
(Figures 5(a) and 5(b)). Overall, the severity of PMWD
corresponded with the increase in incidence. Although, the
results showed that mealybug population density re-
sponsible for the transmission of PMWD is variable, higher
incidences and severities were associated with higher
number of mealybugs. Besides, it is also worth noting that it
is not only the higher number of mealybugs that is re-
sponsible for the transmission of PMWD but also that they
must be viruliferous. According to earlier studies, higher
incidences of PMWD were associated with high mealybugs
populations which are viruliferous [15, 36]. Similarly, Bua
et al. [7] reported that although PMWD was prevalent in all
the fields surveyed, only 20% of the fields had 100% in-
cidence implying that PMWD is not a fast spreading disease
or mealybug vectors have low transmission efficiency. This
could be true because the mealybugs which vectors PMWD
are immobile and, therefore, require to be moved from one
plant to another or from field to field. However, in this study,
the need for the movement from one plant to another was
deliberately done by artificially inoculating the plants with
the required number of mealybugs. Hence, the strong as-
sociation reported between the mealybugs and PMWD may
support these assertions. The strong association reported
between pineapple mealybug wilt-associated virus and
PMWD where both gray and pink pineapple mealybugs
(D. neobrevipes and D. brevipes) were identified as vectors of
the virus explains why only viruliferous mealybugs are re-
sponsible for PMWD transmission [15].

Exposure to the higher number of viruliferous mealybugs
had a significant effect on the incidence and severity of PMWD
transmission as well as infections as opposed to the lower
number. This was because inoculation with a high number of
mealybugs resulted into transmission of high viral load capable
of significantly causing PMWD. In generally, the results
showed higher transmission efficiency of the virus with

Pineapple sucker collection Raising viruliferous

mealybugs

|

Access acquisition
period

Latent infection assay (PCR) of
the test plants

Inoculation
of the test
plants

PMWD symptom
assessment

FIGUuRre 2: A flowchart showing how the viruliferous mealybugs
were reared, assayed, and used for inoculation of pineapple plants
in the screenhouse at the Faculty of Agriculture Kyambogo Uni-
versity, 2017 and 2018.

Figure 3: PCR amplification of the viruliferous mealybug sub-
population used for inoculating pineapple plants at the screen-
house, Faculty of Agriculture, Kyambogo University, 2017 and
2018. Note. M is the DNA gene ruler, lanes 1-7 are PCR-amplified
samples using primer set 225/226, lane marked (+) is the positive
control, and lane marked (-) is the negative control. Subpopulation
from sample 5 was used for pineapple plant inoculation.

increasing number of mealybugs thus reflecting high virus
retention (VR) due to sufficient virus acquisition access period.
This implies that the inoculation acquisition period (IAP) of the
fifteen mealybugs was shortened. These results, therefore, have
corroborated the earlier findings which demonstrated that the
mealybug population of 10-20 per plant resulted in higher
transmission efficiency of PMWD [15]. In fact, the ingestion of
adequate virus by a large number of vector population in-
creases transmission of the virus, hence developing the disease
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TaBLE 1: Summary of ANOVA (mean square errors) for percentage incidence of PMWD on pineapple plants with different levels of
mealybug inoculum at the Faculty of Agriculture, Kyambogo University, 2017 and 2018.

Days after inoculation

15DAI 30DAI 45DAI 60DAI
Trial one (November-December 2017)
Source of variation Degrees of freedom
Treatment 4 2238.28"** 2781.25*** 5097.66"** 5519.53***
Trial two (March-April 2018)
Source of variation Degrees of freedom
Treatment 4 2190.23** 2431.89*" 4998.74** 5224.17*"
DALJ, days after inoculation. ***Significant at <0.001. **Significant at 0.01.
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FIGURE 4: Percentage incidence of PMWD on pineapple plants grown in the screenhouse with different levels of mealybug inoculum at the
Faculty of Agriculture, Kyambogo University, 2017 and 2018. (a) Trial one. (b) Trial two.

TaBLE 2: Summary of ANOVA (mean square errors) for severity of PMWD on pineapple plants with different levels of mealybug inoculum

at the Faculty of Agriculture, Kyambogo University, 2017 and 2018.

Days after inoculation

15DAI 30DAI 45DAI 60DAI
Trial one (November—December 2017)
Source of variation Degrees of freedom
Treatment 4 5.80"* 8.50*"" 15.17*** 16.55**"
Trial two (March-April 2018)
Source of variation Degrees of freedom
Treatment 4 5.91%* 7.20** 14.95** 15.83**

DAL, days after inoculation. ***Significant at <0.001. **Significant at 0.01.

symptom [37]. However, it was also observed that symptoms
development due to exposure to large number of mealybugs
depended on the pineapple hybrid, origin of planting material,
and growing locations [29]. Several authors have reported
varying incidences of PMWD transmitted by pink mealybug
(Dysmicoccus brevipes) [10, 19]. For instance, in Colombia, it
was demonstrated that PMWD incidence of 32% was trans-
mitted by Dysmicoccus brevipes [10], while in Indonesia and

Cuba, incidence of 15.6-21.6% and 2.4-99.9% was transmitted
by Dysmicoccus brevipes depending on the location of the field
[23]. However, in Ghana, severity varied with varieties and
Smooth Cayenne was the most affected [4]. This clearly depicts
the role played by hybrid and location in influencing the
transmission of PMWD by Dysmicoccus brevipes. Overall, this
study presents the first comprehensive results establishing the
strong nexus between the number of mealybugs and PMWD
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FIGURE 5: Severity of PMWD on pineapple plants grown in the screenhouse with different levels of mealybug inoculum at the Faculty of
Agriculture, Kyambogo University, 2017 and 2018. (a) Trial one. (b) Trial two.

transmission in Uganda. However, considering that the study
was conducted in the screenhouse, validation under field
conditions is recommended due to the complexity of the in-
teractions between factors in the field. Although, earlier, it was
reported that the etiology of PMWD is not fully understood, it
was concomitant with the ants that protect mealybugs, certain
viruses, and environmental factors [38]. Moreover, Dysmi-
coccus brevipes as one of the vectors has a wide host range of
100 plants genera of 53 families, hence a threat to other crops
[38-40]. These findings partially contributes to solving this
dilemma by bridging knowledge gap concerning transmission
threshold.

4. Conclusion

This study presents the first comprehensive record of the
mealybug population density that can transmit PMWD in
Uganda. Although one viruliferous mealybug was able to
transmit PMWD virus, the efficacy of transmission was
higher with higher mealybug numbers. The findings,
therefore, suggest the need for immediate implementation of
control measures upon detection of mealybugs in pineapple
plantations even in absence of PMWD symptoms. This
result contributes to the pool of knowledge for the im-
provement of PMWD management since detection of
Dysmicoccus brevipes signals the potential outbreak of
PMWD. Moreover, Dysmicoccus brevipes monitoring is the
principal component of integrated management of PMWD.
However, considering that the study was conducted in the
screenhouse, validation of mealybug population density that
transmits PMWD under field conditions is imperative since
environmental conditions affect survival of mealybugs and
ants, which are the fundamental components of the PMWD
transmission cycle.
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