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ABSTRACT: Plant-parasitic nematodes (PPNs) contribute to yield losses in pineapple production. Limited studies
have been conducted on plant-parasitic nematodes on pineapple despite reports of PPNs infecting it. A survey was
conducted in Obio-Akpor and Ikwerre Local Government Areas (LGAs) of Rivers State to determine the occurrence,
abundance and diversity of PPNs associated with pineapple. A total of 60 composite samples were collected from the two
LGAs. Nematodes were extracted from soil and root samples using the modified Baermann technique and identified using
standard procedures. Data were processed using relative frequency of occurrence (RFOC), relative importance values
(RIVs), diversity indices, nematode population was calculated and analysis of variance. The most occurring plant-parasitic
nematodes were Pratylenchus, Helicotylenchus, Meloidogyne, Scutellonema and Tylenchulus. In Obio Akpor LGA,
Helicotylenchus with RFOC 33.3% was the most occurring nematode pests, while Pratylenchus was the most important
plant-parasitic nematode (RIV 33.8%). In Ikwerre LGA, both Helicotylenchus and Pratylenchus have the same occurrence
(RFOC 33.3%) with Pratylenchus being the most important nematode pest. Pratylenchus species with RIV of 52.4% were
the most important PPNs associated with pineapple in both Obio-Akpor and Ikwerre LGAs. Dominance and Shannon-
Weiner indices among the PPNs are 0.58 and 0.86, respectively. In Ikwerre and Obio-Akpor LGAs, Aluu (1530) and
Rumuekini (630) pineapple farms have the highest population of PPNs, respectively. Ikwerre LGA (2,150) pineapple
farms had more PPNs than Obio-Akpor LGA (660). Nematode pests are associated with pineapple in the two LGAs and

could be contributing to yield losses.
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Pineapple (Ananas comosus) is a fruit of high value
since its introduction from the Caribbean, Oceania and
America (de Carvalho, 2020). It is usually eaten fresh
or processed into fruit juices and ranks third after
banana and citrus, thus contributing over 23% of the
global production of tropical fruits (Kormelinck and
Janssen, 2012). Pineapple production is concentrated
in the tropical regions of the world in over 82 countries
(Ndungu, 2014). The main pineapple producers in the
world in 2019 are Costa Rica (3.32 million tonnes),
Philippines (2.74 million tonnes), Brazil (2.42 million
tonnes), Indonesia (2.19 million tonnes) and China
(1.72 million tonnes) (FAOSTAT, 2021). Other
important producers of pineapples are India (1.71
million tonnes), Thailand (1.68 million tonnes),
Nigeria (1.671 million tonnes), Mexico (1.04 million
tonnes) and Columbia (1.01 million tonnes)
(FAOSTAT, 2021). Nigeria is the leading producer of
pineapple in Africa as well as the eighth major
producer in the world in the year 2019 (FAOSTAT,
2021). Nigeria on a land area of about 10,000 hectares
(ha) produces yield of 7,778 tonnes/ha of pineapple
(FAOSTAT, 2012). This crop is grown more in the
Southern and Western parts of the country (Ucheagwu,
1985). The pineapple production in Nigeria is an
important means of livelihood for most farmers and it
improves quality of rural life in addition to its
significant role in the nutrition and health of

households. Pineapple fibre has been processed into
paper with remarkable qualities of thinness,
smoothness and pliability (Montinola, 1991). Parts of
the plant are used for silage and hay for cattle feed.
Alcoholic beverages can also be made from the juice
of this crop. The pineapple juice also has medicinal
values such as a diuretic, worm expellant, treatment of
venereal diseases and also to expedite labour in women
(Morton, 1987). Despite the vast land under pineapple
cultivation, there are low yields when compared with
production from other countries (Asopa, 2003).
Pineapple production in Rivers State and other parts of
Nigeria is still on decline despite Nigeria’s position
and potential in pineapple production and the
enormous economic advantages the country has
(Mark, 2010). The production is still inadequate to
meet the country’s demand. Pineapple suffers from a
wide range of pests and pathogens that directly or
indirectly reduces its yield in quality and quantity
(Daramola et al., 2013). Notable among these pests
and pathogens are insects, viruses, bacteria, fungi and
plant-parasitic nematodes (PPNs) (Sipes, 2000;
Daramola et al., 2013). Globally, nematode pests have
been implicated in significant yield losses in pineapple
(Caswell et al., 1990; Sipes, 2000, USDA, 2003).
Caveness (1965), Babatola (1985) and Daramola et al.
(2013) reported plant-parasitic nematodes as one of the
banes to pineapple production in Nigeria. The
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information garnered on the effect of PPNs on
pineapple is still not adequate for they vary in types
and populations over time and space (Nicol, 2002).
Little is known about the plant-parasitic nematodes
associated with pineapple in most Niger Delta States
of Nigeria. Information on important agronomic
practices for pineapple production exists, but the types
and impact of plant-parasitic nematodes on pineapple
production in Rivers State is scarce. This study was
carried out to provide recent information on plant-
parasitic nematodes associated with pineapple in two
LGAs in Rivers State.

MATERIALS AND METHODS

Description of the study area: This study was carried
out in two Local Government Areas (LGASs), Obio-
Apkor and lkwerre in Rivers State, Nigeria. Rivers
States lies between Latitude 4’°30°N and 5°’45°N and
longitude 6°°30°E of the Greenwich meridian with a
total area of 11,077 km?, mean annual rainfall which
ranges from 4,700 mm on the coast to about 1,700 mm
inland. The State occupies lowland area of Niger Delta
with dense and thick tropical rainforest vegetation. It
is characterized by high atmospheric (ambient)
temperature that ranges between 25 °C to 38 °C.

Collection of Soil and Root Samples: Soil and root
samples were collected using multistage random
sampling method. In Obio-Akpor LGA, three
pineapple farm communities, Choba, Alakahia and
Rumuekini were randomly selected, whereas Aluu,
Igwuruta and Omagwa were chosen for Ikwerre LGA
(Figure 1). Five Pineapple monoculture farms per
community were randomly chosen for collection of
roots and soil samples. In a farm, soil samples were
randomly collected from the rhizospheres of 10
pineapple stands with hand trowel and then bulked in
a well labelled polythene bag. Tender roots were
collected around the selected pineapple plants and then
bulked, then placed in the same well labelled
polythene bag with soil. Five bulked samples of soil
and root samples were collected from the five farms in
each community and fifteen bulked samples per LGA.
A total of thirty (30) bulked samples of both the roots
and soil were collected for the two LGAs. A total of 60
samples of roots and soil were collected across
pineapple farms in the two LGAs when the samples
were separated in the laboratory.

Extraction, Identification and Quantification of Plant-
parasitic Nematodes: Plant-parasitic nematodes were
extracted using pie-pan method (Whitehead and
Hemming, 1965). 200 cm? of sieved soil sample was
taken with beaker and poured on a facial tissue in a
plastic sieve followed by the addition of water to the
extraction plate by the side. Also, the roots of the
pineapple were chopped into 1-2 cm length using knife
per sample. The chopped roots were thoroughly mixed
and 10 g soil was weighed using electronic balance
(Startfrit model 93016; d=1g). The 10 g soil was later

poured into the facial tissue in another plastic sieve and
then water added to the extraction plate by the side.
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Fig 1: Map showing farm communities where samples were
collected in Obio-Akpor and Ikwerre Local Government Areas

The set-up was left for 48 hours for both soil and root
extraction plates after which the sieves were later
removed. The nematode water suspension in the plate
was poured into a beaker and allowed to settle down.
After settling, the nematode water suspension was
decanted into a sample bottle. Plant-parasitic
nematodes were identified using the method described
by Dropkin et al. (1960). The concentrated suspension
of water and the nematodes from soil and roots were
preserved by 4% of formaldehyde pending
identification and counting. Aliquot of 2 ml
suspension was pipette into counting slide. The
counting slide was placed under a dissecting
microscope and compound microscope synchronously
for identification and counted using Bell’s key (Bell,
2004). Multiple tally counters were used in the
counting of the nematodes.

Data Processing and Analyses: Descriptive statistics
were used to process data on relative frequency of
occurrence using the formula of Norton (1978);
relative importance value of plant-parasitic nematode
species was determined using the methods of Shukla
and Chandel (2014) and Kent and Coker (1996) with
modifications. The diversity of nematode communities
was determined using the Paleontological Statistical
Tool (PAST) of Hammer et al. (2001). Some indices
calculated were: Genera (G) or Species Richness (S);
Shannon-Wiener index (H): (H) = -Y (pi) (Inpi);
Evenness index (J)= H'InS; Dominance index:
Dominance index = Y (ni/n)?2

Data from nematode counts were transformed using
Log10 (x+1), then analyzed with analysis of variance
(ANOVA) and means were separated using Fisher’s
Least Significant Difference at probability of 5% with
Statistical Analysis System (SAS, 2007) package. The
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means of the back-transformed data were presented in
the results section

RESULTS AND DISCUSSION

Helicotylenchus was the most frequently occurring
nematode pest in Obio-Akpor Local Government Area
(LGA) with the highest relative frequency of
occurrence (RFOC) of 33.33% among the five
nematode pest genera found in both soil and roots of
pineapple (Table 1). The least frequently occurring
nematode  genera  were  Scutellonema  and
Paratylenchus with RFOC of 11.11%. However,
Pratylenchus species with relative importance value
(RIV) of 33.83% was the most important nematode
pest associated with pineapple in Obio-Akpor LGA.
Scutellonema had the least RIV of 11.61% among the
five nematode pest genera on pineapple (Table 1). In
Ikwerre LGA, Pratylenchus and Helicotylenchus with
the same RFOC (33.33%) were the most frequently
occurring nematode pests, whereas Meloidogyne was
the least. Pratylenchus with RIV of 58.52% was the
most important nematode pest of pineapple in Ikwerre

LGA, then followed by Helicotylenchus (RIV
20.62%). The least important nematode genus was
Meloidogyne (2.84%). Figure 2 shows the diversity
indices of plant-parasitic nematodes of pineapple in
Obio-Akpor and Ikwerre LGAs. In Obio-Akpor, 220
nematode individuals were encountered which were
lower than 716.6 nematode individuals encountered in
Ikwerre LGA. Plant-parasitic nematodes associated
with pineapple in Obio-Akpor LGA had dominance
value of 0.32 compared with 0.71 obtained in Ikwerre
LGA. In terms of Simpson diversity index, nematode
pest genera in Obio-Akpor LGA had a value of 0.67,
but a lower value of 0.28 in lkwerre LGA. The
Shannon-Wiener index for nematode pests of
pineapple in Obio-Akpor LGA was 1.31 this was
higher than a value of 0.58 in lkwerre LGA. The
evenness index for plant-parasitic nematodes in Obio-
Akpor was 0.74 while that of Ikwerre was 0.45 (Figure
2). In Aluu pineapple farms of Ikwerre LGA,
Helicotylenchus species with mean population of 120
were the highest, but not significantly higher than the
population in Omagwa (Table 3).

Table 1: Occurrence and importance values of plant-parasitic nematodes associated with pineapple in Obio-Akpor and Ikwerre Local
Government Areas, Rivers State

Nematode Family Relative  frequency of Relative importance value
genera occurrence (%) (%)
Obio-Akpor  Ikwerre Obio-Akpor  lkwerre LGA
LGA LGA LGA
Helicotylenchus  Hoplolaimidae 33.3 33.33 20.45 20.62
Pratylenchus Pratylenchidae 22.22 33.33 33.83 58.52
Paratylenchus Tylenchidae 1111 28.57 20.70 18.00
Meloidogyne Meloidogynidae 0 4.76 0 2.84
Scutellonema Hoplolaimidae 11.11 0 11.61 0
Tylenchus Tylenchidae 22.22 0 13.38 0
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Fig 2: Diversity indices of plant-parasitic nematodes associated with pineapple in Obio-Akpor and Ikwerre Local Government Areas

Similar trend was observed for Pratylenchus and
Paratylenchus (Table 3). There was no significant
difference in the mean population of Meloidogyne
obtained in Omagwa, Aluu and Igwuruta pineapple
farms. Aluu pineapple farms had the highest mean
population of nematode pests associated with
pineapple among the three farm communities and this
was significantly higher than those of Omagwa and
Igwuruta  (Table 3). In Obio-Akpor LGA,
Helicotylenchus species had significantly the highest
population in Rumuekini than in Choba and Alakahia.

Pratylenchus ranks highest in population among the
plant-parasitic nematode genera associated with
pineapple in Rumuekini of Obio-Akpor LGA. This
population of Pratylenchus in Rumuekini was
significantly higher than those of Choba and Alakahia
(Table 3). Rumuekini pineapple farm community still
had higher population of Paratylenchus (200) and
Scutellonema (80) that was not significantly higher
than the same species in Choba and Alakahia.
Tylenchulus species with a mean population of 30 in
Alakahia was not significantly higher in population
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than those at Choba and Rumuekini. Rumuekini
pineapple farms recorded the highest mean plant-
parasitic nematodes which was significantly higher
than plant-parasitic nematodes in Choba and Alakahia
(Table 3). Figure 3 reveals the occurrence and
importance values of plant-parasitic nematodes
associated with pineapple across Obio-Akpor and
Ikwerre LGAs. Helicotylenchus is the most frequently
occurring nematode pest genera (RFOC 33.33%), then

672

Pratylenchus (RFOC 30.0%) across the six farm
locations. In this table, Pratylenchus species has a
relative importance value of 52.36% and this shows
that Pratylenchus is the most important nematode pest
associated with pineapple across the six farm
locations. The least frequently occurring nematode
genera were Scutellonema (3.33) and Meloidogyne
(3.33). However, Scutellonema had the least RIV of
2.07% (Figure 3).

Table 3: Population of plant-parasitic nematodes associated with pineapple in Ikwerre and Obio-Akpor Local Government Areas, Rivers State

Local Plant-parasitic nematode genera Total plant-
Government  Helicotylenchus ~ Pratylenchus ~ Paratylenchus ~ Meloidogyne  Scutellonema  Tylenchulus parasitic
Area/Farm nematodes
Locations
Ikwerre

Aluu 120 1300 110 0 0 0 1530
Omagwa 40 400 50 20 0 0 510
Igwuruta 10 100 0 0 0 0 110
LSD(P<0.05)  106.74 1029.7 86.24 35,58 0 0 1195.2
Obio-Akpor
Rumuekini 50 300 200 0 80 0 630
Choba 0 0 0 0 0 0 0

Alakahia 0 0 0 0 0 30 30
LSD(P<0.05)  39.77 355.8 352.4 0 142.32 3558 425.85

Figure 4 reveals the diversity of plant-parasitic 60

nematode pests associated with pineapple across the

six farm communities. A total of 435.22 individual 50 )

nematodes were encountered across the six farm “ ¥ Relative frequency of occurrence (%)
locations. The dominance index of nematode genera g B Relative importance value (%)

across the six farm locations was 0.58, Simpson index £ 20

value of 0.42 was obtained, 0.86 for Shannon Weiner f-E

index and Evenness index of 0.39 (Figure 4). Table 4 20

provides information on the population of plant- o

parasitic nematodes associated with pineapple across

the six farm locations of the two Local Government 0

Areas. Aluu farm location had the highest population

of Helicotylenchus species (120) which was not

significantly higher than the populations obtained at -&d\

Rumuekini (50) and Omagwa (40) (Table 4). The &

results obtained in Table 4 further shows that the
highest population of Pratylenchus species (1300) was
obtained at Aluu pineapple farm communities, but this
was not significantly higher than similar populations
at Omagwa (400) and Rumuekini (300). Rumuekini
had the highest population of Paratylenchus species
among the six farm communities, but no significant
difference exists in their populations. Omagwa
recorded the population of 20 for Meloidogyne,
Rumuekini a population of 80 for Scutellonema and 30
nematode individuals for Tylenchulus in Alakahia.
Aluu pineapple farms had the highest mean population
of plant-parasitic nematodes (1530) which was not
significantly higher than mean nematode pest
population of 630 obtained at the Rumuekini farm
community (Table 4). The outcome of this study
showed that six nematode pest genera were found in
the two Local Government Areas visited. The presence
of these diverse nematode genera from the soil and
root samples in all the farms visited shows that
pineapple is probably a good host to plant-parasitic
nematodes (PPNs) (Hassan et al., 2006; Daramola et
al., 2013).

Plant-parasitic nematode genera

Fig 3: Occurrence and importance values of plant-parasitic
nematodes associated with pineapple across six farm communities
in Ikwerre and Obio-Akpor Local Government Areas, Rivers State

500
453.22

450
400

0.58 0.42 0.86 0.35

Individuals Dominance Simpson  Shannon Weiner Evenness

Diversity indices
Fig 4: Diversity indices of plant-parasitic nematodes associated
with pineapple across six farm communities in both Obio-Akpor
and Ikwerre Local Government Areas
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Table 4: Population of plant-parasitic nematodes of pineapple across the six farm communities of Obio-Akpor and Ikwerre Local Government Areas,
Rivers State

Plant-parasitic nematode genera

Local Helicotylenchus  Pratylenchus  Paratylenchus ~ Meloidogyne  Scutellonema  Tylenchulus  Total
Government plant
Areas/Farm parasitic
community nematodes
Aluu 120 1300 110 0 0 0 1530
Omagwa 40 400 50 20 0 0 510
Igwuruta 10 100 0 0 0 0 110
Alakahia 0 0 0 0 0 30 30
Choba 0 0 0 0 0 0 0
Rumuekini 50 300 200 0 80 0 630
LSD(P<0.05) 76.29 729.7 245.2 23.8 95.3 23.8 849.8
The results of this study demonstrated that  fields surveyed. Of great concern also, is the fact that

Pratylenchus species is a very common plant-parasitic
nematode associated with pineapple in Obio-Akpor
and lkwerre Local Government Areas. The results of
this study are in conformity with outcome of the study
by Daramola et al. (2013) on pineapple in Delta, Cross
River and Imo States where Pratylenchus,
Helicotylenchus and also Scutellonema were reported
as major nematode pests on pineapple. Pratylenchus
spp. has been reported as a major nematode pest of
economic importance of pineapple in Malaysia and has
been recorded in exceedingly high numbers in
pineapple fields in Hawaii (Hassan et al., 2006). This
study revealed the more occurrences of Pratylenchus
in pineapple compared to other nematodes species
surveyed and this is in alignment with the study carried
out by Daramola et al. (2013). Other important
nematode pest genera, Helicotylenchus, Scutellonema
and Paratylenchus identified in association with
pineapple in this study have been reported also by
other workers (Stirling, 1993; Costa et al., 1998; Sipes
et al., 2005). These nematode pest genera have been
implicated in poor yield and reduction in sucker
production of pineapple in Nigeria (Babatola, 1985).
Meloidogyne species though not in significant
population on pineapple in this study still enjoys the
polyphagus and endoparasitic feeding nature to ensure
its survival viz-a-viz fast rate of reproduction and this
probably account for their presence on most crops
including pineapple (Manzanilla-Lopez et al., 2004).
Plant-parasitic nematodes in pineapple fields
contribute to low pineapple production and they are
economically important (Ko and Schmitt, 1993;
Asopa, 2003). The widespread distribution of these
plant-parasitic nematodes that have been known to
cause plant debility and poor yields in Nigeria is a
matter of concern and could be a factor in the low yield
of pineapple recorded in the country (Asopa, 2003).
Factors responsible for the temporal and spatial
distribution of plant-parasitic  nematodes in
agricultural soils have been well-documented (Sipes et
al., 2005). Some of these factors could be linked
directly to the biology and life cycle of the nematodes,
plant-host response, the environmental influences,
farm history as well as the cultural practices embarked
upon by farmers (Nicol, 2002; Sipes et al., 2005). All
these could have contributed significantly to the
distribution of plant-parasitic nematodes in pineapple

soil factors that promote good growth of pineapple
seem to also favour rapid multiplication of nematodes.
The nature and symptoms of damage caused by these
nematodes make their damaging potentials to be
underestimated and often mistaken for those caused by
other plant pathogens such as fungi and bacteria. In
most cases, farmers are not aware or adequately
informed and equipped to combat this menace to
crops. Besides, the results discussed here have
identified key nematodes that are of economic
importance in pineapple and the presence of
Meloidogyne species in low population density might
be an indication of poor host status of pineapple to this
nematode pest. It is possible that the farming practices
alongside the pineapple varieties being cultivated in
this studied LGAs may have significantly influenced
the presence and distribution of nematode pest
populations.

Conclusion: This study revealed that pineapple is a
host to economically important plant-parasitic
nematodes such as Pratylenchus, Helicotylenchus and
Paratylenchus in Obio-Akpor and Ikwerre Local
Government Areas. Nematode pests found in these
LGAs are Meloidogyne spp., Helicotylenchus spp,
Pratylenchus  spp., Paratylenchus mini and
Scutellonema spp. Pratylenchus spp. is the most
important nematode pest genus associated with
pineapple and could be a major limiting factor in
pineapple production in the two LGAs studied.
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