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Abstract

There has been a concerning presence of phytoparasitic nematodes on annual and biennial ornamen-
tal plants at Jimma University's agriculture campus. Rhizosphere soil samples were collected to elu-
cidate the presence of plant parasitic nematodes associated with ornamental plants. The samples
were collected from three locations of eleven different ornamental species, including Agapanthus
africanus, Canna generalis, Cuphea ignea, Dahlia hybrids, Dianthus barbatus, Gerbera jamesonii,
Impatiens balsamina, Impatiens hybrids, Pelargonium spp., Tagetes erecta and Zinnia elegans.
Nematodes were extracted from 100 ml aliquot soil using the modified Baermann tray method. The
study identified ten genera of plant parasitic nematodes, including Helicotylenchus, Hemicycli-
ophora, Hoplotylus, Meloidogyne, Mesocriconema, Paratylenchus, Paratrichodorus, Scutellonema,
Telotylenchus, and Trichodorus. Helicotylenchus was the most dominant genus with a mean popu-
lation density of 126 individuals/100 ml soil, a frequency of occurrence (FO) of 64%, and a promi-
nence value (PV) of 101 among all sampled ornamental plant species. Meloidogyne and Scutello-
nema followed with mean population densities of 129 and 70 individuals/100 ml soil, FOs of 48%
and 39%, and PV of 89 and 44, respectively. The least important genera were Paratylenchus and
Trichodorus, with an FO of 3% and mean nematode population densities of 10 and 17 individu-
als/100 ml soils, respectively. Molecular identification based on 18S small subunit (SSU) ribosomal
DNA (rDNA) gene sequences revealed the species identity of Scutellonema bradys, Hemicycli-
ophora conida and Telotylenchus ventralis. This study provides valuable information on nematodes
associated with ornamental plant species vital for developing management plans in future landscape
maintenance.
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Phylogeny

Introduction lion. However, sustainability in pro-
duction and marketing remains a signif-

The global value of ornamental produc-  icant challenge for the industry (Vasan-

tion is estimated at around USD 55 bil-  thakumar and Bulti, 2017). Ethiopia

has various ornamental plant species,
including roses, gypsophila, carnations,
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chrysanthemums, limonium, hyperi-
cum, dracaena, and Gerbera. In 2015,
Ethiopia produced 49000 tons of roses
and exported 714.5 million cut flowers,
which generated US$ 276 million (Flo-
ralDaily, 2016). However, the sector is
constrained by multiple factors (Vasan-
thakumar and Bulti, 2017), including
the damage caused by pests.

Plant-parasitic nematodes seriously
threaten highly valued crops, including
landscape ornamentals, flowering
bulbs, herbs, vegetables, fruit trees, and
palms, particularly in tropical and sub-
tropical countries (Benson and Barker,
1985; Bala and Hosein, 1996; Hagan,
2005; Asmaa, 2014; Abebe et al., 2015;
Meressa et al., 2015). The damage
caused by these nematodes is severe
and diverse, affecting many ornamen-
tals grown in nurseries, home gardens,
commercial farms, greenhouses, and
the beauty of landscapes (Salawu and
Darabidan, 2010; El-Sherbiny, 2011;
Meressa et al., 2014; Nibedita, 2016;
Aseffa et al., 2018; Meressa et al.,
2018). The plant-parasitic nematodes
of the genera Criconemoides, Helicot-
ylenchus, Hoplolaimus, Meloidogyne,
Pratylenchus, Telotylenchus, Tetylen-
chus and Xiphinema are known to be
associated with ornamental plants (Mo-
hammad et al., 2008; Nibedita, 2016;
Aasia, 2014; Aseffa et al., 2018). Nem-
atode infected plants show some com-
mon symptoms that include a decrease
in overall health, root galling, tissue ne-
crosis, yellowing of the leaves, stunted
growth of the shoots, premature shed-

ding of leaves, and decreased crop pro-
duction. An instance of this is Meloido-
gyne, which causes root galls induced
by the nematode's stylets puncturing
the root surface; the root galls contain
root-knot nematode females (Moens et
al., 2009).

Previous studies in Ethiopia have
mainly focused on identifying and
managing fungal and bacterial diseases
in ornamental plants, while limited
studies have been done on nematodes
affecting commercial cut flowers and
landscapes (Meressa et al.,, 2014;
Aseffa et al., 2018). As a result, plant-
parasitic nematodes have not been con-
sidered a significant economic pest in
ornamental plants (Meressa et al.,
2012). Therefore, this study was con-
ducted to generate preliminary data on
the identity, prevalence and abundance
of plant-parasitic nematodes associated
with selected ornamental plants on the
landscape of Jimma, Ethiopia.

Material and Methods

Sampling

Soil samples from the rhizosphere of
ornamental plants grown in Jimma Uni-
versity College of Agriculture and Vet-
erinary Medicine (JUCAVM) campus
were collected in 2020. JUCAVM is lo-
cated at 7°68'N, 36°83'E, and 1752
m.a.s.l. Eleven species of ornamental
plants grown along pedestrian road-
sides, namely, Canna generalis, Impa-
tiens balsamina, Tagetes erecta,
Dahlia hybrids, Impatiens hybrids, Zin-
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nia elegans, Pelargonium spp., Ger-
bera jamesonii, Cuphea ignea, Dian-
thus barbatus, and Agapanthus afri-
canus were considered. The sampling
area was first divided into three sub-ar-
eas based on the abundance of orna-
mental species and considered each
sub-sampling site as a replication. From
each sub-sampling area, 500 ml of a
soil sample was collected from the top
25 cm around the plant root of ten indi-
vidual plants of each species, using a 3
cm diameter sampling tube. After thor-
oughly mixing, a subsample of about
200 ml was put into a labeled plastic
bag and stored in a refrigerator at 5°C
until nematode extraction.

Nematode extraction and
enumeration

Nematodes were extracted from ali-
quots of 100 ml soil using the modified
Baermann tray method (Hooper et al.,
2005). Nematodes were collected after
48 hrs on a 38 um aperture stainless
sieve and transferred to plastic cups to
store in a refrigerator at 5°C until nem-
atode counting. Then, nematodes were
identified and enumerated to a genus
level from a 1 ml capacity counting
slide under AmScope 3.7 compound
microscope (AmScope, Irvine, China).
Siddigi's (2000) and Manzanilla-Lopez
and Marban-Mendoza (2012) nema-
tode identification keys were used for
morphological identification.

DNA extraction

Total DNA was extracted from a fe-
male nematode for a total of 167 sam-
ples that were recovered, handpicked
using a needle and placed in 5 pl double
deionized water in a 1.5 ml Eppendorf
tube. Tubes were centrifuged for 5 sec-
onds and left open at room temperature
until the water evaporated (Meressa et
al., 2015). Next, 10 pl of worm lysis
buffer containing 2 pl of 20 mg/ml Pro-
teinase K (Waeyenberge et al., 2000)
was added to the nematode and thor-
oughly stirred with a sterilized tooth-
pick (Meressa et al., 2015). The lysate
was then incubated, for 3 hr at 60°C,
followed by 10 min incubation at 95°C.
After centrifuging the tube for 3
minutes, the lysate was stored at -20°C
until needed for PCR.

SSU rDNA amplification

The primer sets used to amplify the two
fragments of 18S ribosomal DNA were
1813F/2646R and 988F/1912R for the
first and second fragment, respectively,
as Holterman et al. (2006) described.
Briefly, the PCR mix (25 ul) contained
1 ul DNA template, 2.5 u2 mM dNTPs,
2.5 ul 25 mM MgCl, 0.6 pul 10 uM of
each primer, 5 pl 5% Go Taq® buffer
and 0.5 u/pl of Go Taq® DNA poly-
merase  (Fisher  Scientific  Inc.,
Schwerte, Germany). The PCR reac-
tion was set for heating at 95°C for 5
min followed by the first 5 cycles of
amplification at 94°C for 30s, 45°C for
30s, and 72°C for 1 min; and a second
35 cycles of amplification for 30s 94°C,
30s 54°C, 30s 72°C, with a final incu-
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bation for 5 min at 72°C. All PCR reac-
tions were run in Applied Biosystem®
Thermal cycler (Applied Biosystems,
Foster City, CA, USA). A 5 ul of the
amplified products with 1 ul lading dye
were separated on 1.0% agarose gel in
0.5% TBE buffer at 80 V 34 Am for 85
min, stained with ethidium bromide for
30 min, and visualized at UV-light. 1
kb plus DNA ladder was used as a
marker.

Sequencing

The PCR products of three selected
nematode genera that are lesser-known
in the country, namely Hemicycli-
ophora, Scutellonema and Telotylen-
chus were successfully sequenced di-
rectly in one direction. Before sequenc-
ing, the PCR product was purified us-
ing the Wizard® SV Gel and PCR
Clean-Up System according to the
manufacturer’s instructions for PCR-
product purification. A 5 pl of the PCR
products and 5 ul of 10 pmole pl™ of the
respective forward primer of both frag-
ments were mixed and sequenced at the
Macrogene sequencing facility service
(Amsterdam, The Netherlands).

Phylogenetic analysis

Newly obtained raw sequences were
edited using FinchTV. A BLAST
search at NCBI was performed using
sequences of the two fragments of the

18S rDNA sequence of the nematodes
to identify the most closely related spe-
cies for three selected genera (Scutello-
nema, Hemicycliophora and Telotylen-
chus). Sequences revealing high simi-
larity to the present sequences were
downloaded separately for each nema-
tode. Sequences from the present study,
the corresponding outgroup sequences
and those most closely related se-
quences retrieved from the NCBI nu-
cleotide database were aligned with
MEGAL11 version 11.0.13 software for
multiple sequence alignment using
Muscle alignment (Tamura et al.,
2021). An independent phylogenetic
tree was generated using the aligned se-
quences in MEGAL1 by the Maximum
Likelihood (ML) model with the 1000
replicates and revealed the phyloge-
netic relationships of the nematode spe-
cies.

Statistical analyses

Norton's (1978) method was used to an-
alyze the population density (PD) and
frequency of occurrence (FO) of nema-
todes. The nematode data were checked
for normality with the Kolmogorov-
Smirnov and Shapiro-Wilk tests to en-
sure accuracy. The nematode count was
transformed using log(x+1), and all de-
scriptive statistics and data normality
tests were performed using SPSS ver-
sion 20. The prominence value (PV)
was calculated using the method de-
scribed by De Waele et al. (1998).
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Results

The plant parasitic nematodes found on
different ornamental plants were Heli-
cotylenchus, Hemicycliophora, Hop-
lotylus, Meloidogyne, Mesocriconema,
Paratrichodorus, Paratylenchus, Scu-
tellonema, Telotylenchus and Tricho-
dorus. We observed the association of
different ornamental plant species with
different genera of plant-parasitic nem-
atodes (Table 1). Cuphea ignea had the
highest number of nematode genera
(seven), while Gerbera jamesonii had
the lowest (two) (Table 2; Fig. 1).

Not all the ornamental species hosted
every nematode genus identified. Heli-
cotylenchus and Meloidogyne were the

two nematode genera found in all orna-
mental plant species sampled except on
G. jamsoni, C. ignea, T. erecta, and D.
hybrids. Zinnia elegans particularly ap-
peared susceptible to the root-knot
nematode Meloidogyne (Table 2; Fig.
2). Hoplotylus, Trichodorus, and Para-
tylenchus were found in only one host
each. In contrast, C. ignea hosted both
Trichodorus and Hoplotylus, while 1.
balsamina hosted Paratylenchus. The
remaining ornamental hosted two or
more nematode genera (Table 2).

C.ignea
C. generalis
Z. elegans
@ D. barbatus ]
3 A. africanus ]
g T. erecta ]
& Pelargonium spp. ]
= I. hybrids ]
S I. balsamina ]
§ D. hybrids ]
S G.jamesonii [ ]
0 1 2

3 4 5 6 7 8

Nubmer PPN genera harbored

Figure 1. Number of plant parasitic nematode genera identified from the rhizosphere soil sample collected from ornamental

plants grown in JUCAVM.
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Table 1. Ornamental plant species and associated prominent nematode genera identified.

Common name Scientific name Family name Life span Prominent
nematode genera
African lily Agapanthus africanus ~ Amaryllidaceae Perennial Helicotylenchus
African marigold ~ Tagetes erecta Asteraceae Annual Meloidogyne
Canna lily Canna generalis Cannaceae Annual/ biennial Helicotylenchus
Cigar plant Cuphea ignea Lythraceae Annual/ biennial Hemicycliophora
Common zinnia  Zinnia elegans Asteraceae Annual Meloidogyne
Dahlia Dahlia hybrids Asteraceae Annual Hemicycliophora
Garden balsam Impatiens balsamina Balsaminaceae Annual Helicotylenchus
Gerbera daisy Gerbera jamesonii Asteraceae Annual/ biennial Scutellonema
Impatiens Impatiens hybrids Balsaminaceae Annual Scutellonema
Pelargoniums Pelargonium spp. Geraniaceae Annual Meloidogyne
Sweet William Dianthus barbatus Caryophyllaceae Annual/ biennial Helicotylenchus

Figure 2. Root-knot nematode (Meloidogyne) disease symptoms on Zinnia elegans. Root galls (A), wilting symptoms (B);

root-knot nematode females after staining with red food colorant (C).
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Table 2. Occurrences of plant-parasitic nematode genera associated with each annual and biennial ornamental plant spe-

cies from soil samples collected in JUCAVM.

Ornamental host species

Nematode Gen-

era

C. generalis
A. africanus

C. ignea
*| Z elegans

D. barbatus

D. hybrids

I. balsamina
I hybrids
Pelargonium
T. erecta

G. jamesonii

Spp.

*
*
*
*
*
*

Helicotylenchus

*
*
*
*
*
*
*
*

Meloidogyne

*
*
*

*k

*
*

Scutellonema

*
*

*k

Mesocriconema -

*
*

*kk

Hemicycliophora -
Paratrichodorus - -

Telotylenchus - -
Trichodorus * - - -
Hoplotylus - - -
Paratylenchus - - - -

*
*
*
*
*
*
*
*
*
*
*

*
*
*

* %k

* *%

(*) Number of samples containing the nematode genus:- (*** all the three samples positive, ** two samples positive, * one
sample positive composite per host plant) and (-) nematode undetected.

Different types of ornamental plants
hosted various types of nematode gen-
era in a varying population density.
Pelargonium sp. had the highest mean
nematode population for Meloidogyne,
while C. generalis, C. ignea, and I. hy-
brids host Helicotylenchus, Hemicycli-
ophora, and Scutellonema, respec-
tively. The density of these four genera
ranged from 110 to 327 individuals per
100 ml of soil. On the other hand, the
nematode genera Hoplotylus, Meso-
criconema, Paratrichodorus, Para-
tylenchus, Telotylenchus and Trichodo-
rus were found at very low mean popu-
lation densities ranging from 10 to 80
nematodes per 100 ml of soil (Fig 3).
Moreover, Dahlia hybrids, 1. bal-
samina, T. erecta and Z.legans, had

lower mean nematode population den-
sities than the other ornamental plants.

Meloidogyne, Helicotylenchus, and
Scutellonema were found to have high
population density and frequency of oc-
currence (Fig. 3). Meloidogyne had the
highest mean population density of 129
individuals/100 ml of soil with a fre-
quency of occurrence of 48%. Helicot-
ylenchus and Scutellonema had popula-
tion densities of 126 and 70 individuals/
100 ml of soil, respectively, with 64%
and 39% frequency of occurrence. The
nematode genera were ranked by prom-
inence value (PV), with Helicotylen-
chus having the highest PV of 101, fol-
lowed by Meloidogyne with a PV of 89,
and Scutellonema with a PV of 44 in all
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sampled ornamental plants. The other
genera (Hemicycliophora, Hoplotylus,
Paratrichodorus, Mesocriconema, Te-
lotylenchus, Trichodorus, and Para-
tylenchus) had relatively lower density

and frequency of occurrence, except for
Hoplotylus, which had a relatively
higher density.
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Figure 3. The overall frequency of occurrence and nematode mean population density associated with ornamental plant

species.

Phylogenetic analysis

Based on the sequence of both frag-
ments (Fig 4a-b) of the 18S rDNA, the
Maximum Likelihood (ML) tree was
constructed individually for three spe-
cies (Scutellonema bradys, Hemicycli-
ophora conida and Telotylenchus ven-
tralis).

Scutellonema bradys
The PCR amplification of the two frag-
ments of the 18S rDNA region of S.

bradys yielded a fragment size of 1608
bp (OR262896). The BLAST analysis
of our sequences revealed 96% and
95% similarity with the GenBank se-
quences of S. bradys (AJ966504 and
AY?271723), respectively. The phylo-
genetic tree was reconstructed from 46
sequences retrieved from NCBI. Based
on ML trees, the present sequence
(OR262896) clustered in the same
clade together with the sequences of S.
bradys (AJ966504 and AY271723), R.
iranicus (KJ765352) and R. robustus
(KJ636452 and KJ636365) (Fig. 5).
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Hemicycliophora conida

The 18S rDNA region amplification re-
sulted in a single sequence of 1628 bp
(OR262897). The BLAST analysis of
the present sequences showed 98%
similarity with the Genbank sequences
of H. conida (AJ966471 and
KJ934172). The multiple sequence
alignments contained 47 sequences. M.
ethiopica was used as an outgroup
taxon. The reconstructed ML phyloge-
netic tree exhibited the identity of H.
conida in which the sequence was clus-
tered together with the sequences of H.

conida (KJ934172-KJ934173 and
AJ966471), Hemicycliophora  sp.
(MF094951) and H. subbotini
(MG701278 -MG701280) obtained

from NCBI database (Fig. 6).

Telotylenchus ventralis

A single sequence of 18S rDNA was
obtained with a length of 1673 bp
(MK348061). The BLAST search re-
sult revealed that the present sequence
showed 97% similarity with the se-
quences of T. ventralis (AY593905) re-
trieved from the Genbank. Multiple se-
quence alignments involved 22 se-
guences. M. ethiopica was used as out-
group taxa. Based on the phylogenetic
tree (Fig. 7), the sequence of the present
T. ventralis formed a sister clade with
T. ventralis (AY593905), Macro-
trophurus arbusticola (AY284595-
AY?284596), Neodolichorhynchus mi-
crophasmis (EU669917), Bitylenchus
dubius (AY284601), Bitylenchus par-
vus (KX789742) and Bitylenchus par-
vulus (MT226922).

Discussion

Helicotylenchus and Meloidogyne are
well known parasites to ornamental
plants in nurseries, greenhouses, and
gardens due to their cosmopolitan na-
ture in high mean population density
(Benson and Barker, 1985; Hagan,
2005; Aseffa et al., 2018; Meressa et
al., 2018). Landscapes often rely on
planting materials raised in the nursery,
which could be means of disseminating
to nematode-free areas. Thus, nema-
tode infection could be avoided initially
at the nursery. Helicotylenchus is the
most important genus affecting orna-
mental plants (Borgohain, 2016).
Meloidogyne species, including M. ja-
vanica, M. hapla and M. incognita,
have been widely reported to severely
infect Dianthus, Gerbera and Zinnia in
the USA (Chandel et al., 2010; Borgo-
hain, 2016; Wheeler et al., 2018). ).
Gimenes et al. (2010) reported a notice-
able plant wilting and stunted growth of
some ornamentals, which can lead to
reduced ornamental properties. Saeed-
izadeh (2016) reported that Helicot-
ylenchus damage could cause a loss of
beauty in various ornamental species.
The present study, which attested to the
occurrence of Meloidogyne and Heli-
cotylenchus in higher density, strength-
ens the previous work of Assefa et al.
(2018), who reported high population
densities and the occurrence of these
two nematode genera associated with
perennial ornamental plants from the
same study area. Additionally, Siga-
riova et al. (2015) found that Telotylen-
chus and Paratylenchus can cause se-
vere damage to landscape plants, reduc-
ing their economic value.
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In our study, Meloidogyne was detected
from samples collected rhizosphere of
T. erecta, though there were no visible
symptoms of root galling. This suggests
that T. erecta may not be a suitable host
for this nematode. Mostafa et al. (2014)
have also reported the absence of root
galls in M. incognita-infected T. erecta.
Low density and frequency of Meloido-
gyne was detected in Dianthus barba-
tus, a plant species known to suffer
from M. incognita and M. javanica in-
fection (Borgohain, 2016). This might
be a less preferred host for other species
of this genus (Walker et al., 1994; John-
son et al., 2003). Other nematodes, such
as Hemicycliophora were more com-
mon in ornamentals and were observed
in higher density compared to others.
This nematode was also reported to be
associated with greenhouse cut flowers
(Meressa et al., 2014). Prominent root
galling and leaf wilting on Z. elegans
were evident, indicating that this plant
is a suitable host for Meloidogyne spp.
The work of McSorley and Frederick
(1994) has indicated a high association
between M. javanica and Z. elegans.

Previously, M. arenaria has been mo-
lecularly identified from Z. elegans
roots (Mekuria et al., 2023). It should
be noted that exporting planting mate-
rials may be prohibited due to nema-
tode infection, even though no quaran-
tine species were detected in this study.

This study identified three plant para-
sitic nematode species based on 18S
rDNA sequence data. To our
knowledge, this work is the first report
on the molecular identification of S.
bradys, H. conida and T. ventralis from
ornamental plants in Ethiopia. Com-
pared to other plant parasitic nema-
todes, there is limited information on
ornamental plant-associated nema-
todes. While M. hapla parasitizing rose
plants in commercial greenhouses has
been molecularly characterized (Mer-
essa et al., 2015), more research is still
needed.
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Figure 4. PCR gel electrophoresis of 18S small subunit ribosomal DNA fragments. A 5 ml amplicon was separated on a
1.5% gel and ran for 140 minutes at 80 V and 34 mA. Lanes on fragment 1: H. conida 1-7; T. ventralis 8-14; S. bradys 15-
27. (b) Lanes on fragment 2. H. conida 23-31; T. ventralis 32-35; S. bradys 36-46. M= 1 KB plus DNA ladder.
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Figure 5. Phylogenetic relationships of S. bradys and other related nematode sequences of 18S rDNA based on Maximum
likelihood (ML) phylogenetic tree using MEGA11. The analysis was performed using 1000 replicates. Bootstrap values
exceeding 70% are given on the appropriate clade. The sequence from this study is indicated with the accession number

OR262896. M. exigua was used as an outgroup taxon.
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Hemweyelophora thienenann (K934 168)

~
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Figure 6. Phylogenetic relationships of Hemicycliophora conida and other related nematode sequences of 18S rDNA based
on Maximum likelihood (ML) phylogenetic tree using MEGA 11. The analysis was performed using 1000 bootstrap. Posterior
probability values exceeding 70% are given on the appropriate clade. The sequence from this study is indicated with the

accession number OR262897.
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Trophurus ussuriensis (KX789736)

Trophurus ussuricnsis(KX789737)
90 b Trophurus lomus(KX789735)

Trophurus sp. (KX789738)

Trophurus imperialis (F1969144)
Trophurus wuhuensis (MF139735)
Trophurus wuhuensis (MF139736)
Trophurus wuhuensis (MF139733)

L Trophurus wuhuensss (MF 139734)

—— Hirschmanniella orvzae (KF366906)

Hirschmanniella loofi (EU306353)

100 Hirschmanniella mucronata (KP179332)
e |- Hirschmanniella mucronata (KP179330)

Telotvienchus ventralis (MK 348061)

Telotylenchus ventralis (AY593905)

r— Macrotrophurus arbusticola (AY284596)

L—— Macrotrophurus arbusticola (AY284595)
Neodolichorhyvnchus microphasmis (EU669917)
Bitylenchus dubrus (AY284601)
Bitvlenchus parvus (KX789742)

%6

Bitvlenchus parvulus (MT226922)

Meloidogyne ethiopiea (LN626932)

——

0.0

Figure 7. Phylogenetic relationships of T. ventralis and other related nematode sequences of 18S rDNA based on Maxi-
mum likelihood (ML) phylogenetic tree using MEGA 11. The analysis was performed using 1000 replicates. Posterior
probability values exceeding 70% are given on appropriate clade. The sequence from this study is indicated with the ac-

cession number MK348061.
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Conclusion and
Recommendation

This finding highlights the significance
of plant parasitic nematodes on orna-
mental plants in Jimma, Ethiopia. Heli-
cotylenchus, Meloidogyne and Scutel-
lonema are identified as potential prob-
lems in establishing most ornamental
plants in the study area. These findings
provide a valuable foundation for de-
veloping a more robust survey, damage
potential and population dynamic stud-
ies that will eventually help develop in-
tegrated nematode management strate-
gies. Meanwhile, employing some of
the known strategies, such as applying
organic manure, could reduce the im-
pact of these nematodes on the current
landscape studied.
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