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SHORT COMMUNICATION

First report of Fusarium proliferatum causing stem and
root rot on lucky bamboo (Dracaena braunii) in Iraq

A.A. Lahuf

Summary Lucky bamboo (Dracaena braunii) is a popular ornamental plant in Iraq. Individuals of this
plant showing stem and root rot symptoms were observed during a survey conducted from Novem-
ber 2015 to February 2016 in several nurseries in Kerbala province, Irag. Based on morphological char-
acteristics and sequence analyses of the internal transcribed spacer (ITS) region of the ribosomal DNA
(rDNA), the pathogen was identified as Fusarium proliferatum. This is the first report of stem and root
rot caused by F. proliferatum on lucky bamboo (D. braunii) in Iraq.

Additional keywords: molecular identification, morphological characterization, pathogenicity

Lucky bamboo [Dracaena braunii (= D. san-
deriana)] is an evergreen perennial orna-
mental plant of the Asparagaceae family,
native to Cameroon in West Africa (Macedo
and Barreto, 2016). Recently, it has become a
popular ornamental houseplant in Iraq be-
cause of its beautiful appearance, low cost,
its ability to grow under diverse indoor con-
ditions and no experience required to take
care of it.

During a survey conducted between
November 2015 and February 2016 in orna-
mental nurseries in Kerbala province, Iraq,
D. braunii plants showing stem and root rot
symptoms were observed (Fig. 1A-D). Symp-
toms initially appeared on roots as water-
soaked, red-brown lesions, becoming dark
brown with time (Fig. 1B, D). Eventually, af-
fected roots became completely rotten. On
the lower part of the stem, a yellow discolor-
ation was observed, tissues were soft and as
the rot progressed, the diseased plants died
Fig. 1A, Q). The disease resulted in a signifi-
cant loss of D. braunii plants in most of the
nurseries examined. However, the pathogen
causing this disease has not been previous-
ly investigated in Iraq. Thus, this study aims
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to isolate and identify the pathogen and as-
sess its pathogenicity.

The symptomatic tissues of roots and
stems were surface disinfected in 1% so-
dium hypochlorite for 2 min, rinsed three
times with sterilized distilled water and
dried with sterilized filter paper. Then the
tissues were aseptically cut (0.5-1 cm long),
placed onto 2% water agar (WA) medium
and incubated in the dark at 25 + 1°C for
3 days. Subsequently, a hyphal tip of each
emerging fungal colony was sub-cultured
on potato dextrose agar (PDA) medium sup-
plemented with streptomycin sulphate (200
mg/l) and incubated in the dark at 25 + 1°C
for 7 days (Watanabe, 2010). Fungal colonies
grew rapidly producing white aerial myce-
lia, occasionally with a violet pigmentation
(Fig. 1E). The reverse colony color was pink
to dark violet (Fig. 1F). Macroconidia were
colourless and slightly curved with 3-5 septa
and average size 33.4 x 3.2 um. Microconid-
ia were more than macroconidia, colourless,
non-curved, occasionally in chains, with 0-1
septa and average size 8.2 x 3.1 um. No chla-
mydospores were observed (Fig. 1G). These
morphological features agree with the de-
scription of Leslie and Summerell (2006), ex-
cept for the septation of the microconidia
(0-septate according to Leslie and Summer-
ell, 2006). However, the number of septa
found in the present study are in line with
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the description of microconidia provided
by Ichikawa, and Aoki (2000), Zhang et. al.
(2013) and Kim et. al. (2016). Based on these
morphological characteristics, the fungus
was putatively identified as Fusarium pro-
liferatum (Matsush.) Nirenberg ex Gerlach
& Nirenberg. To fulfil Koch'’s postulates, the
pathogenicity of the isolated fungus was
tested on 20 healthy lucky bamboo plants
growing in 0.5 L containers filled with t%e
commercial nutrition solution (AgroFiro,
Aljoud Company, Iraq). Fifteen plants were
inoculated by adding directly to the nutri-
ent solution five mycelium plugs (each 0.5
cm in diameter) cut from a 7-day old colo-
ny of F. proliferatum grown on PDA medium.
The same number of plugs of un-inoculat-
ed PDA was added to the nutrient solution
of the remaining five lucky bamboo plants,
which were used as controls. All plants were
incubated in a growth cabinet at 25 + 2°C
with 12-h photoperiod and 70% humidity.
After 21 days, stem and root rot symptoms
identical to those observed in the nurser-
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Figure 1. Symptoms of stem and root rot on Dracaena braunii
plants, and cultural and morphological characteristics of the
causal agent, Fusarium proliferatum. Stem (A) and roots (B) of
a healthy D. braunii plant; rot symptoms on stem (C) and roots
(D) of D. braunii plant infected by F. proliferatum; (E)-(F): colo-
ny of . proliferatum on PDA medium (E: top surface and F: low-
er surface); (G): micro- and macroconidia of . proliferatum; bar
in (G) =10 pum.

ies appeared on 13 out of the 15 inoculated
plants. The control plants were symptom-
less. The fungal pathogen was re-isolat-
ed from the symptomatic plant tissues and
showed the same morphological character-
istics as described above.

To confirm the initial morphological
identification, the internal transcribed spac-
er (ITS) region of ribosomal DNA (rDNA)
from the isolated fungus was sequenced.
Genomic DNA of F. proliferatum was extract-
ed from pure cultures using a DNeasy Plant
Mini Kit (Qiagen Inc., Valencia, CA, USA) fol-
lowing the manufacturer’s instructions. The
universal primer pair ITS1/ITS4 was used to
amplify the entire ITS region by PCR (White
et al., 1990). The 679 bp amplicon was se-
quenced (Macrogen, Korea; http://www.
macrogen.com/en/main/index.php) using
the same primers used for the PCR ampli-
fication. The sequence was deposited into
the GenBank database and was identified
with the accession number MF099864.1.
Subsequently, BLAST analysis of the isolate
sequence showed >99% identity with sever-
al known sequences of F. proliferatum spe-
cies. Phylogenetic analysis was performed
using MEGA 7, utilizing the neighbor-joining
technique (Tamura et al., 2013). This analysis
showed that the ITS sequence of the isolate
MF099864.1 was grouped in a clade com-
prising reference isolates of F. proliferatum.
The out-group isolates were those of Fusari-
um oxysporum (accession No: EU326203.1), F.
camptoceras (accession No: KU055634.1) and
F. solani (accession No: L36632.1, L36634.1,
AY097316.1, AY097317.1 and AY097318.1)
(Fig. 2). Thus, these results support the pre-
liminary morphological identification of the
fungus as F. proliferatum (Leslie and Sum-
merell, 2006; Zhang et. al., 2013; Aoki et al.,
2014).

Numerous fungal pathogens are known
to affect Dracaena spp. worldwide. For ex-
ample, Colletotrichum dracaenophilum was
reported to cause stem rot on D. braunii
(syn. D. sanderiana) in Bulgaria, USA, Egypt
and Brazil (Bobev et al., 2008; Sharma et al.,
2014; Macedo and Barreto, 2016; Morsy and
Elshahawy, 2016). In Iran, Fusarium solani was

© Benaki Phytopathological Institute
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Figure 2. Phylogenetic tree constructed using ITS-rDNA sequences, presenting 21 known Fusarium proliferatum strains ob-
tained from GenBank database, including that isolated in the present study from Dracaena braunii plants (MF099864.1; in-
dicated with a black dot). Phylogenetic distances were calculated using the neighbor-joining method. Numbers above the
branches refer to bootstrap values. Fusarium oxysporum (EU326203.1), F. camptoceras (KU055634.1) and F. solani (L36632.1,
136634.1, AY097316.1, AY097317.1 and AY097318.1) were the out-group species.
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identified as causing stem rot disease on D.
sanderiana (Abedi-Tizaki et al., 2016). On the
other hand, F. proliferatum is a devastating
pathogen infecting a wide range of plant
species throughout the world causing stem,
crown and root rot as well as leaf prolifero-
sis. In the USA and Canada, F. proliferatum
was identified to cause root rot on Glycine
max (soybean) (Arias et al., 2011; Chang et al.,
2015). It was also reported on Asparagus of-
ficinalis (asparagus) causing crown and root
rot in the USA and Turkey (Elmer, 1990; Ozer
etal.,, 2011).In Argentina, F. proliferatum is de-
scribed as a new pathogen causing root rot
on Vaccinium corymbosum (blueberry) (Pér-
ezetal, 2011). In Malaysia, it was found asso-
ciated with a stem rot disease of Hylocereus
polyrhizus (Hawa et al., 2013). In China, it was
recorded causing root rot of Medicago sativa
(alfalfa) and Codonopsis lanceolata (Cong et
al., 2016; Gao et al., 2017). In Egypt, F. prolifer-
atum var. minus was identified as the causal
agent of leaf proliferosis disease of D. sand-
eriana (Wagih et al., 1989). To the best of my
knowledge, this is the first report of F. prolif-
eratum affecting D. braunii in Iraq.

The author is thankful to Dr Craig Simpson
who works at The James Hutton Institute (UK)
for revision of this paper.
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Mpwtn avagopa tov puknta Fusarium proliferatum w¢ airtiov
™G onYng oteAéxoug Kat pr{wv o€ puta Dracaena braunii
(lucky bamboo) oo lpak

A.A. Lahuf

NepiAnYn To Dracaena braunii (lucky bamboo) ival éva SnUo@INéG KAMNWTTIOTIKO QUTO 0TO |pAK.
QuTd TOU CUYKEKPIUEVOU €iBOUC, TTOU EUPAVI{aV CUUMTTWUATA OAYNG TOU OTEAEXOUG Kal Twv pLwy,
evtomioTnkav Katd tn didpkela emokomnong mou dievepynonke tnv mepiodo NoéuPploc 2015-Oe-
Bpoudploc 2016 og apkeTd uTwpLa TNE emapyiac Kerbala Tou Ipdk. Me Bdon ta poppoAoyikd xapa-
KTNPIOTIKA Kal TIC avaAloelg aAAnAouxiag Tng mepLoxng TOU E0WTEPIKOU UETAYPAPOHUEVOU SlaXwPIoTH
(Internal Transcribed Spacer, ITS) Tou pifoowuikov DNA (rDNA), To maBoyovo Tavtomoionke w¢ o po-
Kntag Fusarium proliferatum. AuTh gival n mpwtn avagopd oAPng oTeAéxoug Kat prlwv euTWV D. braunii
amo to puknta F. proliferatum oto lpdk.

Hellenic Plant Protection Journal 12: 1-5, 2019
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Resistance of ten common medicinal plants to the root-knot
nematode Meloidogyne javanica

S. Ansari', H. Charehgani™ and R. Ghaderi?

Summary A preliminary survey indicated that the root-knot nematode Meloidogyne javanica is wide-
ly distributed in the rhizosphere of medicinal plants in Boyer-Ahmad region (Iran). Host suitability of
ten species of medicinal plants to M. javanica was examined in a pot experiment under controlled
greenhouse conditions: alkakengy (Physalis alkekengi L.), chamomile (Matricaria chamomilla L.), Eng-
lish plantain (Plantago lanceolata L.), fennel (Foeniculum vulgare Mill.), garden anchusa (Anchusa itali-
caRetz.), horehound (Marrubium vulgare L.), lovage (Levisticum officinale L.), sorrel (Rumex acetosella L.),
thistle (Echinops adenocaulos Boiss.) and woundwort (Stachys pilifera Benth.). According to the scheme
of Canto-Saenz, seven species, namely garden anchusa, fennel, horehound, alkakengy, English plan-
tain, woundwort and sorrel can be considered susceptible hosts with gall index (Gl) > 2 and reproduc-
tion factor (RF) > 1, and thistle, lovage and chamomile, can be considered as hyper-susceptible with Gl

>2andRF < 1.

Additional keywords: gall Index, hyper-susceptible, reproduction factor, susceptible

Introduction

Root exudates of plants contain chemical
compounds which attract nematodes to
the root or result in repulse, motility inhibi-
tion or even their death (Curtis et al., 2009).
For example, chlorogenic acid which is sub-
sequently oxidized by the action of host or
nematode polyphenol oxidase might inhib-
it nematode activity and prevent root-knot
nematodelarvaefrom penetrating theendo-
dermis into tissues suitable for giant cell pro-
duction (Hung and Rohde, 1973). Three alka-
loids namely sanguinarine, chelerytherine
and allocryptopine have shown strong ne-
maticidal activity (Wang et al., 2012). In addi-
tion, the phenolic acid compounds are po-
tentially involved in resistance or tolerance
of tall fescue (Festuca sp.) (Poaceae) to Praty-
lenchus scribneri (Pratylenchidae) (Bacetty et
al., 2009).

Susceptibility of medicinal plants to par-
asitic nematodes vary between the spe-

' Department of Plant Protection, College of Agricul-
ture, Yasouj University, Yasouj, Iran.

2 Department of Plant Protection, School of Agricul-
ture, Shiraz University, Shiraz, Iran.

* Corresponding author: h.charehgani@yu.ac.ir
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cies, from susceptible (Chinappen et al.,
1988; Rhoades, 1988; Mustika, 1992) to resis-
tant (Mukhopadhyaya et al., 1980; Tanda et
al., 1989; Haseeb and Butool, 1990; Haroon
and Huettel, 1991) (Table 1). Studies by Si-
vakumar and Vadivelu (1997) on 46 medic-
inal and aromatic plants showed that Mel-
oidogyne hapla (Heteroderidae) was the
predominant nematode species followed
by Helicotylenchus indicus (Hoplolaimidae),
Pratylenchus coffeae (Pratylenchidae), Tylen-
chorhynchus martini (Belonolaimidae), Xi-
phinema americanum (Longidoridae), Scutel-
lonema conicephalum (Hoplolaimidae) and
Hemicriconemoides mangiferae (Criconema-
tidae). Root-knot nematodes (Meloidogyne
spp.) are serious pests of medicinal and or-
namental plants (Haseeb et al., 1984), which,
in high population density can affect the
quantity and quality of production (Haseeb
etal., 1996).

The objective of the present study was
to determine the susceptibility of ten com-
mon medicinal plants as hosts to the root-
knot nematode Meloidogyne javanica (Het-
eroderidae) under greenhouse conditions
based on gall index (GA) and Reproduction
Factor (RF), which are two important mea-
sures of nematode infestation (Sasser et
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al,, 1984) and selection of resistant sources
of different plants to root-knot nematodes
(Talwana et al., 1997; Cervantes-Flores et al.,
2008; Marchese et al., 2010; Mudiope et al.,
2012; Gomes et al., 2015; Karuri et al., 2017).

Materials and Methods

Preparation of nematode inoculum

Eggs of M. javanica were extracted from
galled root of tomato (Solanum lycopersi-
cum cv. Early-Urbana) using the sodium hy-
poclorite method (NaOCI) (Hussey and Bark-
er, 1973). Infected roots collected from the
greenhouse of Boyer-Ahmad region were
chopped to 2-3 cm pieces and were shak-
en in the 0.5 % sodium hypochlorite (NaO-
Cl) for 90 seconds and poured into a stack of

two sieves, with a 75 um aperture size at top
followed by a 25 um aperture size. Eggs re-
tained on 25 pm aperture size sieve, which
were washed quickly to remove all NaO-
Cl and were counted under a stereomicro-
scope.

Pot experiments

The experiments were conducted under
greenhouse conditions at 28 + 4°Cunder 16:8
h (light : dark) photoperiod. Seeds of Physalis
alkekengi L. (alkakengy) (Solanaceae), Matri-
caria chamomilla L. (chamomile) (Asteraceae),
Rumex acetosella L. (sorrel) (Polygonaceae),
Plantago lanceolata L. (English plantain) (Plan-
taginaceae), Foeniculum vulgare Mill. (fennel)
(Apiaceae), Anchusa italica Retz. (garden an-
chusa) (Boraginaceae), Marrubium vulgare L.
(horehound) (Lamiaceae), Levisticum officina-

Table 1. Degree of resistance (DR) of medicinal plants to the root-knot nematodes Meloidog-
yne javanica and Meloidogyne incognita (Walker, 1995; Baida et al., 2011).

Medicinal plants DR to M. incognitarace 3| DR to M. incognita DR to M. javanica
(Walker, 1995) (Baida et al., 2011) (Baida et al., 2011)
Anethum graveolens L. H H H
Artemisia absinthium L. H - -
Erurca vesicaria L. H - -
Foeniculum vulgare Mill. H - -
Hyssopus officinalis L. H H H
Lavandula augustifolia Mill. H - -
Nepeta cataria L H - -
Ocimum basilicum L. H H H
Salvia officinalis L. H - -
Thymus vulgaris L. H H H
Mikania glomerata Sprengel. - H H
Pimpinella anisum L. - R H
Coriandrum sativium L. S - -
Matricaria recutita L. S S S
Melissa officinalis L. S - -
Mentha piperita L. - - -
Origanum majorana L. S R
Origanum vulgare L. S - -
Rosmarinus officinalis L. S -
Ruta graveolens L. S R R
Satureja hortensis L. S
Tanacetum vulgare L. S - -
Tomato (control) - S S
Mentha pulegium L. - R R
Plectranthus barbatus Andr. - R R
Commiphora myrrha (Nees) Engl. - R R
Carpobrotus edulis (L.) N.E. Br - R R
Plectranthus neochilus Schltr. - R R

S = Susceptible; H = Hypersusceptible; R=Resistance

© Benaki Phytopathological Institute



8 Ansari etal.

le L. Koch (lovage) (Apiaeae), Echinops adeno-
caulos Boiss. (thistle) (Asteraceae) and Stachys
pilifera Benth. (woundwort) (Lamiaceae) were
sown in plastic pots (13 cm diameter and 10
c¢m height) containing 1.5 kg steam-sterilized
sandy loam soil. After 45 days, each plant was
inoculated with 5000 eggs + second stage ju-
veniles (J,) of M. javanica as the initial popu-
lation (Pi). Inoculation was done by pipetting
the egg + J, suspension into 3 holes around
the plant root system. The experiment was
conducted in a completely randomized de-
sign with four replications. The plants were
watered daily and were harvested 60 days af-
ter inoculation.

The roots were gently washed with tap
water and number of eggs in one gram of
root were counted according to the pro-
cedure developed by Hussey and Barker
(1973). One gram of root was stained with
acid fuchsine according to the procedure
developed by Byrd et al. (1983). The total
number of eggs, galls and egg-masses per
plant root system was determined by mul-
tiplying with the root weight per plant. The
number of second stage juveniles (J,)/100
cm? of soil was counted after extraction us-
ing the modified Baermann pie-pan meth-
od (Coyne et al, 2014) and the total num-
ber of nematodes in soil was computed by
extrapolating the number in 100 cm? to the
volume of soil (1.5 kg).

The final nematode population (Pf) per
pot (the total number of nematodes per
plant root and the number of J, in soil per
pot) were computed and finally, the repro-
ductive factor (RF) of nematode was calcu-
lated by dividing the Pf by Pi (5,000 eggs +
J»). Gall index (GI) was estimated on a scale
of 0to 5, where 0 =nogalls; 1=1to 2 galls; 2
=3to 10galls;3=11to 30 galls; 4=31to 100
galls; and 5 = more than 100 galls in the root
system (Taylor and Sasser 1978). The degree
of resistance of medicinal plant species was
allocated according to the modified scheme
of Canto-Saenz (Sasser et al., 1984), which is
based on Gl and RF as follows: resistant (Gl
< 2, RF < 1); tolerant (Gl < 2, RF > 1); hyper-
susceptible (Gl > 2, RF < 1); susceptible (Gl >
2,RF > 1).

Statistical analysis

The SAS system V9.1 (SAS Institute Inc.,
Cary, NC, USA) was used for statistical anal-
yses. Statistical analyses were performed
using a one-way analysis of variance ANO-
VA and the significant difference between
means was determined by Duncan’s multi-
ple range test (DMRT) (p < 0.1).

Results and Discussion

Sorreland horehound had significantly high-
er number of galls and egg-masses, than
the other plant species (p < 0.01) (Table 2).
The lowest number of galls and egg-masses
were recorded in chamomile, garden anchu-
sa and thistle, being significantly lower than
those on other plants (p < 0.01). The num-
ber of eggs in the sorrel root system and
the number of J, per pot of garden anchu-
sa were significantly higher than those on
the other tested plants. Reproduction fac-
tor ranged from 0.05 (in chamomile) to 39.61
(in sorrel) but there was no significant dif-
ference among the RFs of chamomile and
thistle, lovage, woundwort, english plantain
and chamomile (p < 0.01) (Tables 2 and 3).
Therefore, according to our results in Table
3, the resistance of tested medicinal plants
to infection by M. javanica can be ranked
as follows, according to the Canto-Saenz's
scheme (Sasser et al., 1984): thistle (E. ade-
nocaulos), lovage (L. officinale) and chamo-
mile (M. chamomilla) are classified as hyper-
susceptible, showing significant damage (Gl
> 2) while the RF remains below 1. Garden
anchusa (A. italica), fennel (F. vulgare), hore-
hound (M. vulgare), alkakengy (P. alkeken-
gi), english plantain (P. lanceolata), wound-
wort (S. pilifera) and sorrel (R. acetosella) are
ranked as susceptible, with heavy galling (Gl
= 5) and high reproduction factors (RF > 2).
Sorrel and horehound are the most suscep-
tible hosts with high reproduction factors
(RF =39.61 and 20.08, respectively).

Our findings on chamomile, M. chamo-
milla, to M. javanica (hyper-susceptible host)
were similar to those by Baida et al. (2011) on
susceptibility of Matricaria recutita L., while

© Benaki Phytopathological Institute



Resistance of medicinal plants to root-knot nematodes

Table 2. Mean population indices of the root-knot nematode Meloidogyne javanica on ten

species of medicinal plants, 60 days after inoculation under greenhouse conditions.

Medicinal plants Nur.nber.osz Number of Number of Number of
in soil eggs/root egg-masses/root galls/root
Physalis alkekengi L. 9525 + 35.18¢ 19514 + 356¢ 148 + 5.10« 161 + 6.03¢
Matricaria chamomilla L. 56 + 7.18f 184 +2.73¢ 14 +1.79¢ 21 + 1.64f
Rumex acetosella L. 37958 + 859 176719 £ 6948 786 + 82.61° 801 £ 82.85?
Plantago lanceolata 3143 + 42.65¢ 9306 + 599 344 + 5.67° 365 + 5.43°
Foeniculum vulgare Mill. 6619 + 35914 5104 + 94.58¢ 258 + 6.57°¢ 287 + 6.69b¢
Anchusa italica Retz. 72380 £ 244 241 £ 8.95¢ 98 + 2.814 109 + 4,329
Marrubium vulgare L. 5670 + 66.244 99109 + 1901° 688 + 20.14° 734 +£27.78°
Levisticum officinale L. 640 + 36.51° 3411 £ 64¢ 156 + 6.51< 165 + 5.09%
Echinops adenocaulos Boiss. 0+ 0f 364 +10.27¢ 16 + 3.20¢ 63 + 10.26°f
Stachys pilifera Benth. 919 + 35.9f 15506 + 487 190 + 7.55¢« 197 + 8.12«

Values in the same column followed by the same letter(s) are not significantly different (p < 0.01) based on Duncan’s
multiple range test (DMRT). Values are means + standard error.

Table 3. Designation of resistance of ten species or aromatic plants to the root-knot nema-
tode Meloidogyne javanica based on reproduction factor and gall index.

Medicinal plants Reproduction factor Gall Index Resistance
Physalis alkekengi L. 5.56 £ 0.08¢ 5 S
Matricaria chamomilla L. 0.05 +0.002¢ 3 H
Rumex acetosella L. 39.61 +2.92° 5 S
Plantago lanceolata 2.44 +0.006 5 S
Foeniculum vulgare Mill. 2.28 +0.03« 5 S
Anchusalitalica Retz. 5.19+0.018¢ 5 S
Marrubium vulgare L. 20.08 £ 0.38 5 S
Levisticum officinale L. 0.30 £ 0.0042¢ 5 H
Echinops adenocaulos Boiss. 0.07 +0.002¢ 4 H
Stachys pilifera Benth. 3.16 £ 0.10« 5 S

Values in the same column followed by the same letter(s) are not significantly different (p < 0.01) based on Duncan'’s
multiple range test (DMRT). Values are means + standard error.
Resistance based on Sasser et al. (1984): S = Susceptible; H = Hypersusceptible

Walker (1995) considered chamomile a sus-
ceptible host. Fennel was found to be a sus-
ceptible host whereas according to Walker
(1995) is hyper-susceptible to M. incognita
race3.

The authors are grateful for financial support
from Yasouj University, Iran.

© Benaki Phytopathological Institute

Literature Cited

Bacetty, A.A., Snook, M.E., Glenn, A.E., Bacon, C.W.,
Nagabhyru, P. and Schardl. C.L. 2009. Toxicity
of endophyte-infected tall fescue alkaloids and
grass metabolites on Pratylenchus scribneri. Phy-
topatology, 99(12): 1336-1345.

Baida, F.C., Santiago, D.C., Ilkiu Vidal, L. H., Baida, L.C.
and Stroze, C. T. 2011. Medicinal plants hosting
ability for nematode M. javanica and M. incogni-
ta. Nematropica, 41(1): 10-153.

Byrd, D.W., Kirkpatrik, T. and Barker, K.R. 1983. An
improved technique for cleaning and staining



10 Ansari etal.

plant tissues for detection of nematodes. Jour-
nal of Nematology, 15: 142-143.

Cervantes-Flores, J.C., Yencho, G.C., Pecota, K.V., So-
sinki, B. and Mwanga, R.0.M., 2008. Detection
of quantitative trait loci and inheritance of root-
knot nematode resistance in sweetpotato. Jour-
nal of the American Society for Horticultural Sci-
ence, 133: 844-851.

Chinappen, M., Jokhun, P. and Lamberti, F. 1988. A
decline in thyme associated with Rotylenchulus
parvus in Mauritius. Nematologia Mediterranea,
16: 233-234.

Coyne, D., Nicol, J.and Claudius-Cole, A. 2014. Practi-
cal Plant Nematology: Field and Laboratory Guide,
2nd edition. Cotonou: IITA, 82 p.

Curtis, R.H.C., Robinson, A.F and Perry, R.N. 2009.
Hatch and host location. In Perry, R.N., Moens,
M. and Starr, J.I. (eds). Root-knot nematodes. UK:
CAB International. Wallingford, p.139-155

Gomes, J.A.A., Andrade Junior, V.C., de Oliveira, C.M,
Azevedo, A.M., Maluf, W.R. and Gomes, L.A.A.
2015. Resistance of sweetpotato clones to Melo-
idogyne incognita race 1 and 3. Bragantia, 74 (3):
291-297.

Haroon, S. and Huettel, R.N. 1991. Induced hatching
and juvenile mortality caused by some medici-
nal plants to soybean cyst nematodes. Phytopa-
thology, 81: 702 (Abstr.)

Haseeb, A. and Butool, F. 1990. Evaluation of nemati-
cidal properties in some members of the family
Lamiaceae. International journal of nematology.
Network Newsletter, 7: 24-28.

Haseeb, A., Pandey, R. and Husain, A. 1984. Some
new host records of the root-knot nematode,
Meloidogyne incognita (Kofoid and White, 1919)
Chitwood, 1949. Current Science, 53: 1151-1152.

Haseeb, A., Shukla, P.K. and Butool, F. 1996. Relation-
ship between initial population density of Melo-
idogyne incognita and growth, oil yield and bio-
chemical changes in plants of Ocimum canum.
Nematropica, 26: 181-185.

Hung, C.L and Rohde, R.A. 1973. Phenol accumula-
tion related to resistance in tomato to infection
by root-knot and lesion nematodes. Journal of
Nematology, 5(4): 253-258.

Hussey, R.S. and Barker, K.R. 1973. A comparison of
methodes of collecting inocula of Meloidogyne
spp., including a new technique. Plant Disease
Reporter, 57: 1025-1028.

Karuri, HW., Olago, D., Neilson, R., Mararo, E and
Vilinger, J. 2017. A survey of root-knot nema-
todes and resistance to Meloidogyne incogni-
ta in sweet potato varieties from Kenyan fields.
Crop Protection, 92: 114-121.

Marchese, A., Maluf, W.R., Goncalves Neto, A.C., de
Sousa Goncalves R.J. and Gomes, L.A.A. 2010.
Selecao de clones de batata-doce resistantes
a Meloidogyne incognita raca 1. Pesquisa Agro-
pecudria Brasileira, 45 (9): 997-1004.

Mudiope, J., Coyne, D.L., Adipala, E. and Talwana,
H.A.L. 2012. Damage to yam (Dioscorea spp.) by
root-knot nematode (Meloidogyne spp.) under
field and storage condition in Uganda. Nemat-
ropica, 42: 137-145.

Mukhopadhyaya, M.C., Das, T.K., Chattopadhyay,
P.R.and Bose, T. 1980. Control of root-knot nem-
atode, Meloidogyneincognita with Typhonium
tribolatum, an annual herb. Nematologica, 26:
277-280.

Mustika, 1. 1992. Effects of Meloidogyne incognita and
Fusarium solani on black pepper (Piper nigrum
L.). Industrial Crops Research Journal, 4: 7-13.

Rhoades, H.L. 1988. Effects of several phytoparasitic
nematodes on the growth of basil, Ocimum ba-
silicum. Annals of Applied Nematology, 2: 22-24.

Sasser, J.N., Careter, C.C. and Hartman, K.M. 1984.
Standardization of host suitability studies and re-
porting of resistant to root-knot nematodes. USA:
North Carolina state Graphics, Raleigh, 7 p.

Sivakumar, M. and Vadivelu, S. 1997. Parasitic nem-
atodes associated with medicinal and aromatic
plants. Indian Journal of Nematology, 27: 58-62.

Talwana, H.L., Speijer, P, Adipala, E. and Maslen, N.R.
1997. Evaluation of cassava for reaction to root-
knot nematode (Meloidogyne spp.) in Uganda.
African Journal of Plant Protection, 6: 125-134.

Tanda, A.S., Atwal, A.S. and Bajaj, Y.P.S. 1989. In vitro
inhibition of root-knot nematode Meloidogyne
incognita by sesame root exudate and its amino
acids. Nematologica, 35: 115-124.

Taylor, A.L. and Sasser, J.N. 1978. Biology, identifica-
tion and control of root-knot nematodes (Meloid-
ogyne species). USA: North Carolina State Uni-
versity and the U.S.Agency for Internayional
Development, 111 p.

Walker, J.T. 1995. Garden herbs as hosts for south-
ern root knot nematode, Meloidogyne incognita
race 3. Hortscience, 30(2): 292-293.

Wang, K., Luo, C,, Liu, H., Xu, J., Sun, W. and Zhou, L.
2012. Nematicidal activity of the alkaloids from
Macleaya cordata against certain nematodes.
African Journal of Agricultural Research, 7(44):
5925-5929.

Received: 12 July 2018; Accepted: 10 December 2018

© Benaki Phytopathological Institute



Resistance of medicinal plants to root-knot nematodes iy

AvTtoxn 8£éKa KOIVWV QAPHAKEVUTIKWV GUTWV CTOV
KopBovnpatwdn Meloidogyne javanica

S. Ansari, H. Charehgani kat R. Ghaderi

NepiAnyn MpokatapkTiky emokomnon €8eiée Tt o kopovnuatwdng Meloidogyne javanica eivai eu-
péw¢ Sladopévoc otn pIldoPaIPa PAPHAKEUTIKWY QUTWV 0TnV Teploxry Boyer-Ahmad (Ipav). E€¢etd-
OTNKE N KATAANNAOTNTA G€KA EI6WV QAPUAKEVTIKWV QUTWV WG EEVIOTEC TOU M. javanica o€ meipapa umo
eheyxopeveg ouvOnkeg Bepuoknmiou: uoahic (Physalis alkekengi L.), xapoun A\t (Matricaria chamomilla
L.), mevtdveupo (Plantago lanceolata L.), pdpaBo (Foeniculum vulgare Mill.), ayxoula (Anchusa italica
Retz.), okuhoxopto (Marrubium vulgare L.), hoviCa (Levisticum officinale L.), §véxi (Rumex acetosella L.),
exivomnag (Echinops adenocaulos Boiss.), otdxug (Stachys pilifera Benth.). Z0pgwva pe 10 mpwTOKoANO
Tou Canto-Saenz, emtd amo ta €idn, n ayxoula, o pdpabog, 1o GKUAGXOPTO, N PUOAAIC, TO TTEVTAVEUPO,
0 0TAXUG Kal T EIVAKI, urmopolv va BewpnBouv vaioBntol eviotég pe deiktn mapouaiag KOUBwv Tou
vnuatwdn oti¢ pilec (gall index - Gl) > 2 kat cuvteeoTr avamapaywyng (RF) >1, evw o exivomag, n Aou-
iCa kal To XapounAL, umopolv va BewpnBolv unep-guaiobntol pe GI> 2 kat RF < 1.

Hellenic Plant Protection Journal 12: 6-11, 2019
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Biodiversity and population fluctuations of parasitoids of
the white peach scale, Pseudaulacaspis pentagona (Targioni-
Tozzetti) (Hemiptera: Diaspididae), in kiwifruit orchards in
Northern Iran

A.H. Toorani"”, H. Abbasipour? and L. Dehghan-Dehnavi®

Summary The white peach scale, Pseudaulacaspis pentagona Targioni-Tozzetti (Hemiptera: Diaspi-
didae), is one of the most important and destructive polyphagous pests of the Rosaceae family trees.
Population fluctuations and biodiversity of the hymenopteran parasitoid species associated with the
pest were studied in six kiwi orchards in Iran, during one-year period. Parasitoid species abundance,
species diversity indices and evenness indices were calculated. Most of the parasitoid species were
dominant or eudominant. Based on the alpha diversity indices, the Najarkola region had high diversity
and the Kharatkola region had low diversity. The Paeendasteh region (based on Simpson’s Diversity on
Camargo evenness indices) and the Samnakola region (based on the modified Nee, and on Smith and
Wilson evenness indices) were less uniform. Among the recorded parasitoids, Encarsia berlesei Howard
(Hymenoptera: Aphelinidae), followed by Aphytis proclia Walker (Hymenoptera: Aphelinidae), had the
highest population in all orchards.

Additional keywords: Pseudaulacaspis pentagona, parasitoids, diversity, evenness index, species abundance,

species richness

Introduction

The white peach scale, Pseudaulacaspis pen-
tagona (Targioni-Tozzetti) (Hemiptera: Dias-
pididae), is the most important pest of kiwi
fruit trees in Iran and other countries (Miller
and Davidson, 2005; Toorani, 2017), attack-
ing branches and twigs. The scale is most of-
ten seen in large numbers on the bottom of
stems. The scale feeds on plant sap, and in-
festation causes leaves to yellow or defolia-
tion and branches to dry. Fruit size may be
reduced and premature drop is likely. Heavy
infestations can result in stunting and the
death of branches and dieback (Ezzat and
Nada, 1986).

The families Aphelinidae and Encyrti-
dae are the most successful groups of Chal-
cidoidea, Hymenoptera used in the biolog-
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ical control of pest scale insects (Guerrieri
and Noyes, 2000). Regarding reports on par-
asitoids of the white peach scale, the soli-
tary endoparasitoid Encarsia berlesei How-
ard (Hym.: Aphelinidae) is considered to be
the most effective species among the white
peach scale natural enemies (Collins and
Whitecomb, 1975), whose origin, like the
white peach scale, is East Asia. Aphytis chry-
somphali (Mercet) (Hym.: Aphelinidae) has
been reported on the white peach scale in
apricot and cherry trees from Shanghai, Chi-
na (Invasive Species Compendium, 2016). In
Iran, another three parasitoid species have
been recorded, Aphytis proclia Walker (Hym.:
Aphelinidae) (Modarres Awal, 1997), Ablerus
perspeciosus Girault (Hym.: Aphelinidae) (Ja-
malomidi et al., 2012) and Teleterebratus per-
versus Compere and Zinna (Hym.: Encyrti-
dae) (Toorani, 2017).

Protecting biodiversity of taxonomic
groups for which there are no available data
on their existence or role in the ecosystem,
is an important subject (Gaston, 1991). Alpha
(a) diversity is intra (within) - habitat diver-
sity. The species diversity is the main level
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of alpha diversity in the sense of the num-
ber of existing species and their abundance
(evenness) in a geographical region, which
increases with increasing number of exist-
ing species.

The present study was carried out to
provide information on the species compo-
sition, diversity, evenness and population
fluctuations of the hymenopterous parasi-
toids associated with the white peach scale,
P. pentagona, in kiwi orchards in Iran.

Materials and methods

Experimental set up and data collection

This study was carried out in the kiwi
orchards of Qaemshahr city, Mazandaran
province of Iran. The laboratory experi-
ments were carried out in the laboratory of
Entomology and Insectarium of the Faculty
of Agriculture Sciences of Shahed University
of Tehran. In order to study the population
fluctuations of parasitoid species associated
with the pest under natural conditions on
kiwi trees, six orchards, which had a histo-
ry of pest infestation in previous years and
had not received pesticides, at Qaemshahr
and Mollakola areas (36° 35" 44.20" N, 52° 46’
35.09” E and -10.23 m a.s.l); Borjekheyl (36°
36'3.43 N, 52°46' 23.94 E and -13.28 m a.s.l);
Kharatkola (36° 33’ 1.07” N, 52° 50" 12.08"
E and -4.23 m a.s.l); Paeendasteh (36° 36’
39.59” N, 52° 47' 47.39” E and -11.63 m a.s.l);
Samnakola (36°32' 51.40"” N, 52° 48’ 34.03" E
and -0.21 m a.s.l and Najarkola (36° 33’ 20.26
N, 52° 48’ 55.42 E and -3.99 m a.s.l) were se-
lected for sampling.

Sampling started on April 30, 2015, and
ended on April 29, 2016. The samples were
collected biweekly until January 22, 2016,
and then monthly. Ten trees were random-
ly selected and marked on each date. Four
infested branches were cut to a length of 10
cm each and placed in plastic glasses (5 cm
diameter and 10 cm height), closed with a
net cloth. Emerged parasitoids were collect-
ed and stored in 75% ethanol. In addition,
on some sampling dates, a large number of
infested branches of kiwi trees, were placed

© Benaki Phytopathological Institute

in cardboard boxes (50x20x45 cm) bearing
six test tubes on each side of the box. The
boxes were kept under natural conditions
and emerging parasitoids were collected in
the test tubes at 10-day intervals and stored
in alcohol. The collected specimens were
primarily identified and then, were sent for
confirmation of identification, to Dr Andrew
Polaszek, Department of Life Sciences, Nat-
ural History Museum.

Estimation of parasitoid species compo-
sition, abundance, diversity, evenness
and population fluctuations

The data from the aforementioned six
areas were used to calculate species diver-
sity during 2015-2016. After identifying and
counting the captured specimens, the dom-
inant structure of species composition was
evaluated using the method of Headman
(Weigmann, 1973). In this method, the spe-
cies, which their abundances are more than
30% of the society are identified as eudomi-
nant species, 10-30% as dominant, 5-10% as
subdominant, 1-5% as rare, and less than 1%
as sub-rare species.

Species diversity and relative abun-
dance of the parasitoid species of P. pen-
tagona were calculated in the different eco-
systems of the Mazandaran province, using
the Ecological Methodology software ver-
sion 7.2. Based on the number of individuals
per parasitoid species in each region, indi-
cators of species diversity (number of spe-
cies in a community, diversity in a region)
and species evenness (number of individu-
als for each species, abundance and propor-
tion of individuals of each species) were cal-
culated.

Alpha species diversity was estimated
using the Indices Shannon-Wiener (Shan-
non and Weaver, 1949) as the most common
indicator to measure biodiversity and sensi-
tive to the abundance of rare species in the
community, Simpson’s (Simpson, 1949) as
a sensitive index to changes in more abun-
dant species, and Brillouin (Pielou, 1969) as
most appropriate for cases in which data are
related to limited collections.

To estimate species equitability or even-
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ness, the Smith and Wilson (Smith and Wil-
son 1996), modified Nee (Nee et al. 1992),
Simpson (Simpson 1949) and Camargo (Ca-
margo 1992) indices were used.

Results

Parasitoid species composition

In total, six parasitoid species were record-
ed in the study areas i.e. Encarsia perniciosi
Tower (Hymenoptera: Aphelinidae), A. chry-
somphali, E. berlesei, A. perspeciosus, A. proclia,
T. perversus. Results for the species composi-
tion in each region are shown in Table 1.

Parasitoid species abundance

Encarcia perniciosi and A. chrysomphali
had the highest abundance percent at Sam-
nakola and Najarkola orchards, while E. berle-
sei and A. proclia had the highest abundance
percent at Mollakola orchard. The abun-
dance of E. berlesei species at Kharatkola or-
chard was (83.66%). The abundance of A. per-
speciosus was zero at Mollakola, Borjekheyl

and Kharatkola orchards (Table 1). Accord-
ing to Headman's categorization on species
dominance proportion in the society (Weig-
mann, 1973), most of the six collected were
eudominant or dominant (Table 1).

Alpha diversity

According to all indices, the parasitoid
species diversity was higher in all regions
compared to the Kharatkola region (Figure 1).

Species evenness

Based on the results obtained from the
Camargo and Simpson eveness indices (Fig-
ure 2), the Paeendasteh region was the least
uniform whereas according to the modified
Nee index and the Smith and Wilson index,
the Samnakola region were the least uni-
form (Figure 2). Based on diversity studies,
the more uniform the species diversity is, the
more diversity exists in the environment.

Population fluctuation of parasitoids
Figure 3 shows that the population of
the parasitoids of the white peach scale dif-

Table 1. Relative abundance (%) and dominance proportion of parasitoids of the white
peach scale, Pseudaulacaspis pentagona, in kiwi orchards in six regions of northern Iran dur-
ing 2015-2016.

Species Samnakola Najarkola Mollakola Borjekheyl | Kharatkola | Paeendasteh
Encarsia 30.9 27.09 6.68 6.08 0 2.55
erniciosi Eudominant Dominant | Subdominant | Subdominant Subrare Rare
P (233) (207) (49) (54) 0) 9
Aphvtis 25.9 52.9 777 22.07 0 36.07
cﬁr};om hali Dominant Dominant | Subdominant | Dominant Subrare Eudominant
ysomp (196) (176) (57) (196) 0) (127)
Encarsia 19.8 19.63 45.42 31.64 83.66 47.72
berlesei Dominant Dominant Eudominant | Eudominant |Eudominant| Eudominant
(149) (150) (333) (281) (128) (168)
Ablerus 17.1 19.37 0 0 0 9.94
erspeciosus Dominant Dominant Subrare Subrare Subrare Subdominant
persp (129) (148) 0) ) ) (35)
Aphvtis 5.7 8.24 40.10 40.2 12.41 1.70
foc};ia Subdominant |Subdominant| Eudominant | Eudominant | Dominant Rare
P (43) 63) (294) (357) (19) 6)
Teleterebratus 0.53 2.61 0 0 3.92 1.98
erversus Subrare Rare Subrare Subrare Rare Rare
P @) (20) ) 0 6) 7)

Parasitoid species categorization by Headman (Weigmann, 1973) according to their dominance proportion in the
society: eudominant (>30%), dominant (10-30%), subdominant (5-10%), rare (1-5%), sub-rare (< 1%).
Number in parentheses indicate the sample size.
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chards in six regions of northern Iran during 2015-2016: A)

Shannon Wiener diversity index, B) Brillouin diversity index,

() Simpson diversity index. Figure 2. Species evenness indices of parasitoids of the white
peach scale, Pseudaulacaspis pentagona, in kiwi orchards in six
regions of northern Iran during 2015-2016: A) Camargo even-
ness index, B) Simpson evenness index, C) Modified Nee even-
ness index, D) Smith and Wilson evenness index.
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fers among the studied orchards as well as
on different sampling dates, reaching the
lowest (zero) at the end of December - be-
ginning of January in all orchards due to co-
incidence with the winter colds and over-
wintering of these parasitoids.

In all orchards, E. berlesei (n= 1209) had
the highest numbers followed by A. pro-
clia (n= 782). These two species had signif-
icant ups and downs during sampling. Ab-
lerus perspeciosus was observed in three
orchards in the areas of Samankola, Na-
jarkola and Paeendasteh, showing 1-2 peaks
from August to October. Encarsia perniciosi
and A. chrysomphali were collected from all
the studied orchards, except for the one in
Kharatkola, and were present from spring to
autumn with their population reducing un-
til reaching zero in the winter. Teleterebra-
tus perversus was recorded in small numbers
from spring to autumn at the orchards of
the areas Najarkola, Kharatkola and Paeen-
dasteh.

Discussion

To our knowledge this is the first record on
the biodiversity and population fluctuation
of the parasitoid species of the white peach
scale in kiwi orchards in Iran. Five out of the
total six species recorded in the samples are
known to parasitize P. pentagona in Iran,
i.e. Encarsia berlesei Howard (Hymenoptera:
Aphelinidae) (the most effective), Aphy-
tis chrysomphali (Hymenoptera: Aphelini-
dae) (Invasive Species Compendium, 2016)
Aphytis proclia Walker (Hymenoptera: Aph-
elinidae) (Modarres Awal, 1997), Ablerus
perspeciosus (Jamalomidi et al, 2012) and
Teleterebratus perversus (Toorani, 2017). En-
carsia perniciosi has not been reported on
the white peach scale in Iran.

Encarsia berlesei was the most abundant
of all parasitoid species in all regions of the
study. Except of the wheat peach scale, it
parasitizes another 10 species of the Dias-
pididae family, including Aulacaspis cinna-
momi Newstead, Chrysomphalus dictyosper-
mi Morgan, Chrysomphalus obscurus Lizer

y Trelles, Diaspis pentagona Fargioni, Mela-
naspis obscura Comstock, Nuculaspis abi-
etis Schrank, Parlatoria pergandii Comstock,
Pinnaspis minor Maskell, Pinnaspis strachani
Cooley and Pinnaspis temporaria Ferris (Nat-
ural History Museum, 2016). Other hosts of
A. chrysomphali include various scale spe-
cies in the families of Coccidae and Diaspi-
didae (61 species) (Natural History Museum,
2016).

Records of other host scales of E. per-
niciosi, A. proclia and A. perspeciosus in Iran
include: E. perniciosi has been reported on
Quadraspidiotus perniciosus Comstock (Mo-
darres Awal, 1997; Ghahari et al., 2011), Aoni-
diella aurantii Maskell, Lepidosaphes ulmi
Linnaeus, Parlatoria acalcarata McKenzie
and Quadraspidiotus gigas Ferris (Heraty et
al., 2007); A. proclia has been recorded on
A. aurantii, Aonidiella orientalis Newstead,
C. dictyospermi, and Parlatoria oleae Col-
vee (Modarres et al., 1997); A. perspeciosus
has been found on Q. perniciosus Comstock
(Abd-Rabou and Ghahari 2005; Aliakbar
Aghadokht et al., 2010) and Aleurolobus bar-
odensis Maskell (Hemiptera: Aleyrodidae)
(Jamalomidi et al., 2012).

Differencesinthe parasitoid speciescom-
position, richness and abundance among
the studied areas could be attributed to sev-
eral factors that can affect the presence of a
parasitoid in the orchard, such as the type of
vegetation around the orchard, the history
of chemical applications in the orchard, the
area and age of the trees, the population of
the host pest, as well as environmental pa-
rameters (temperature, humidity, latitude
and longitude, sea level altitude) (Lotfaliza-
deh et al., 2014; Habibi Badrabadi et al., 2017
and Iranmanesh et al., 2017). The richer spe-
cies composition and abundance of parasi-
toid species of the white peach scale in Sam-
nakola, compared to the other areas, could
be related to the fact that the majority of
orchards in this area are kiwi trees, dating
for several years. The poorer species vari-
ety and number of parasitoids in Kharatkola
could be associated to the presence of only
one kiwi orchard and the young age of the
trees, whereas rice is the dominant cultiva-
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tion in the region.

Lower richness in the Kharatkola, Bor-
jekheyl and Paeendasteh regions can be
associated with the application of organo-
phosphorus pesticides (such as chlorpyri-
fos and diazinon), whereas applications with
mineral oil and botanical pesticides are re-
lated to higher richness in Samnakola, Na-
jarkola and Mollakola (unpublished data).
Nevertheless, Kyparissoudas (1987) showed
that in orchards where chemical pesticides
were applied, E. perniciosi wasps were not
captured in pheromone traps of its host Q.
perniciosus.

The population of parasitoid species of
P. pentagona varied in the sampling regions.
Encarsia berlesei had 4-6 population peaks
on white peach scale in kiwi orchards in the
present study. Bazrafshan et al. (2010) ob-
served two peaks of the parasitism rate for
the parasitoid on peach trees. Moreover,
they showed that plant species has an ef-
fect on the rate of parasitism and the associ-
ated number of peaks. In our case, it is possi-
ble that the activity of parasitoids is favored
by the micro-climate conditions in kiwifruit
orchards (in comparison to peach orchards),
where the pest is located on shoots in the
shade.

According to Pedata et al. (1995), the
population of A. proclia on white peach
scale in a mulberry orchard in Campania, It-
aly, reached a peak in April, which is similar
to the results of the present study. Season-
al abundance of Aphytis sp. had three lar-
val and pupal peaks on white peach scale in
peach trees in Dakahlia governorate, Egypt,
in two successive seasons (2013-2014 and
2014-2015) (Halawa et al., 2015).

In the Hafez (1988) study, A. chrysompha-
li was found to be fairly abundant on A. au-
rantii in Citrus sinensis orchards in Alexan-
dria, Egypt, with three peaks of activity in
June, October and November.

Conclusions

In conclusion, results of the present study
corroborate the existence of several hy-
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menopterous parasitoid species of P. pen-
tagona in kiwi fruit orchards in Iran. In gen-
eral, E. berlesei, A. chrysomphali and A. proclia
were abundant in most of the study regions.
In view of the high prevalence of these spe-
cies at the peak population dates, these re-
sults, together with the data on the para-
sitoid population changes over the crop
season, can facilitate the designing of bio-
logical control programs against the white
peach scale.

We are thankful of Faculty of Agricultural Sci-
ences, Shahed University, Tehran, Iran for hav-
ing supported our research.
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BliomoikiAdtnta Kat mMAnOuopiakég Stakupavoeig
MapaciToEldwv Tou KOKKOELd0oU¢ Pseudaulacaspis pentagona
(Targioni-Tozzetti) (Hemiptera: Diaspididae) o omwpwveg
akTividiov oto Bopeto lIpav

A.H. Toorani, H. Abbasipour kat L. Dehghan-Dehnavi

NepiAnyn To kokkoedég Pseudaulacaspis pentagona Targioni-Tozzetti (Hemiptera: Diaspididae) eivat
€vac amod TOUC TTLO ONUAVTIKOUC KAl KATACTPEMTIKOUG TOAUPAYoUG £x0poU¢ Twv dévtpwv Tng Okoyé-
velag Rosaceae. Ot Slakupdvoelc Tou mAnBuopoU Kat n BIOTOIKIANGTNTA TWV UUEVOTITEPWY TTOPACITOEL-
SV Tou KOKKOEIGOUC peAeTABNKAV O€ €€l omwPWVEC akTIVISiou 0To Ipdv katd Tn SidpKela evOC €TOUC.
EkTiunOnkav n oxetiki agBovia toug, SeikTeC MOIKINGTNTAC Kal OeiKTEC I0OUEPELAC. Ta TTEPIOCOTEPQ
amo ta €idn Twv mapacitosldwv ATav Kupiapxa (dominant)  eudominant. Me Bdon Toug SeiKTEC TTOIKI-
AotnTag, n meploxn Najarkola eixe peyaAn moikihopopgia kat n mepioxr Kharatkola gixe pikpr moikiho-
popoia. H meptoxri Paeendasteh (ue Bdon toug deikteg moIkINGTNTAC Simpson kat Icopépelag Camargo)
Kat n meploxry Samnakola (pe faon toug deikTe loouépetag, Tpomomolnuévoc deiktng Nee, kat Seiktng
Smith kat Wilson) Atav Aiyotepo opoldpop@ec. Metald Twv 16wy mapacttoeldwy, To Encarsia berlesei
Howard (Hymenoptera: Aphelinidae) kai to Aphytis proclia Walker (Hymenoptera: Aphelinidae) ixav
ToV UPNAGTEPO MANBUGCO O€ GAOUC TOUC OTTWPWVEC.

Hellenic Plant Protection Journal 12: 12-21, 2019
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SHORT COMMUNICATION

First record of Chymomyza procnemoides (Wheeler)
(Diptera: Drosophilidae) for the Turkish fauna

E. Zengin

Summary This is the first record of Chymomyza procnemoides (Wheeler, 1952) (Diptera: Drosophili-
dae) in Turkey. The specimens were obtained from bottle bait traps on apple, pear and plum fruit trees

at the Usak province in 2017.

Additional keywords: Chymomyza procnemoides, Drosophilidae, new record, Usak, Turkey

The genus Chymomyza is one of 75 genera
belonging to the Family Drosophilidae, com-
monly known as vinegar or fruit flies. Six-
ty (60) species were identified in this genus,
one of which is Chymomyza procnemoides
(Markow and O’ Grady, 2005; Yassin, 2013).
This species is native to North America and
was detected in the European continent
for the first time in Hungary in 1990 (Band,
1994). Since then, no other records exist ex-
cept from the Nearctic region.

Most members of Chymomyza species
are attracted to damaged trees or cut wood
that serve as feeding and breeding sites
(Wheeler, 1952; Watabe, 1985; Band, 1995).
Certain Chymomyza species have been re-
corded breeding in fruits such as apple,
cherry and nut (Burla and Bachli, 1992; Bur-
la, 1995).

In Turkey, 36 species belonging to six
genera of Drosophilidae fauna have been
reported (Kogcak and Kemal, 2013). In this
study, C. procnemoides was recorded at
Bagkonak village (38°44'47"N, 29°46' 45" E,
920 m) in the district of Banaz, Turkey. It was
detected in bottle bait traps for the first time
at the end of September (23.9.2017) and lat-
er on early October (7.10.2017).

During the study, trapping was perfor-

Directorate of Provincial Agriculture and Forestry, Usak,
Turkey.
E-mail: Oerdalzengin0O@gmail.com

© Benaki Phytopathological Institute

med in Banaz, Usak province between April
and December in 2017. The traps were ran-
domly hung on apple, pear and plum trees
in mixed fruit orchards. They consisted of a
plastic bottle of 500 ml containing 100 ml
vinegar and bore 10-15 holes of 3 mm dia-
meter at the top area to enable insect en-
trance. They were hung at a height of 1-1.5
m above the ground. The specimens obta-
ined from the traps were preserved in 75%
alcohol for identification. Among the Dro-
sophilidae specimens, two female individu-
als, captured on different dates, were found
to belong to the genus Chymomyza (Whe-
eler, 1952). The species was identified as C.
procnemoides by Dr Paul Beuk (Maastricht
Natural History Museum, Maastricht, Net-
herlands).

The mostimportant features distinguish-
ing C. procnemoides from other Chymomyza
species include black fore femora, tibiae and
metatarsi and inner edge of fore femora with
a row of 6-10 short spines which is not as
long as tibial diameter (Wheeler, 1952). Chy-
momyza procnemoides has black fore meta-
tarsus, similar to Chymomyza procnemis Wil-
liston (Diptera: Drosophilidae), but it differs
from C. procnemis in not having wings whit-
ening at tip (Wheeler, 1952). The main mor-
phological characters of C. procnemoides
(black fore femora, tibiae and metatarsi) in
the samples are shown in Figure 1.

In the present study, C. procnemoides
was collected only from a single locality in
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Figure 1. Lateral view of Chymomyza procnemoides (?) (black
fore femora, tibiae and metatarsi).

Usak province. This is the first record in both
genus and species level for Turkey and we
believe that it is important in terms of biodi-
versity of the Turkish entomofauna.

We are grateful to Dr Paul Beuk (Maastricht
Natural History Museum, Maastricht, Nether-
lands) for the identification of the specimens.
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>YNTOMH ANAKOINQX>H

Mpwtn Kataypapn tov dimtepouv Chymomyza procnemoides
(Wheeler) (Diptera: Drosophilidae) ctnv evtopomavida tng

Toupkiag

E. Zengin
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Investigating the in vitro and in vivo nematicidal performance
of structurally related macrolides against the root-knot
nematode, Meloidogyne incognita

M.A. Radwan', A.S.A. Saad? H.A. Mesbah?, H.S. Ibrahim? and M.S. Khalil®

Summary Avermectins and spinosyns are structurally related natural products of microbial origin
and belong to a new family of macrolides which are active against a vast array of invertebrate pests. In
the present study, the effects of four members of macrolides; abamectin (ABM), emamectin benzoate
(EMB), spinosad (SPI) and spinetoram (SPIT), on Meloidogyne incognita were investigated under in vit-
ro and in vivo conditions. All compounds reduced egg hatching and led to high mortality of the nem-
atode second-stage juveniles (J,). ABM showed the maximum rate of egg hatching inhibition and J,
mortality while SPIT recorded the minimum. All treatments reduced the number of galls, egg masses,
eggs/egg mass in roots and J, in the soil when compared to the control. Based on the 10 folds of the
24 h-LCs values of J, mortality in vitro, EMB and ABM exhibited higher percent reduction in galls (79.68
and 71.45%), egg masses (75.19 and 70.54%), eggs/ egg mass (60.49 and 40.91%) and J, in the soil (90.31
and 86.54%), respectively, compared to SPI and SPIT. Significant increase in tomato shoot height oc-
curred in all biopesticides (10 folds) and SPIT (20 folds). SPI at 10 folds of the 24 h-LCs, values of J, mor-
tality in vitro, significantly increased root length while ABM at 50 folds and SPIT at 20 folds decreased
root length by 5.15% and 5.88%, respectively, compared to the untreated inoculated plants. In all treat-
ments, the dry shoot and root weights increased, compared to the untreated control. Our findings sug-
gest that these macrolides have the ability to regulate nematode population densities and may be an
alternative to classical nematicides.

Additional keywords: avermectins, biopesticides, macrolides, nematicidal activity, root-knot nematodes,
spinosyns

Introduction

Tomato (Solanum lycopersicum L.) is an im-
portantand vastly grown vegetable in Egypt
and worldwide. However, its growth, yield
and economic productivity are significant-
ly reduced by pests and diseases. Plant par-
asitic nematodes (PPNs) are found to be the
most common and destructive pests caus-
ing estimated crop losses of US $ 118 billion
each year worldwide (Atkinson et al., 2012).
Among PPNs, Meloidogyne spp., root-knot
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nematodes, are harmful agricultural pests
causing huge damage around the world
(Sikora and Fernandez, 2005).

For sustainable tomato production, ef-
fective management of PPNs especial-
ly root-knot nematodes is essential. Sever-
al approaches are used to minimise PPNs in
the field, including synthetic nematicides,
resistant plant cultivars, botanical pesti-
cides, antagonistic microorganisms (e.g.
fungi and bacteria), beneficial fungi (Myc-
orrhiza), organic amendments, soil solariza-
tion and plant extracts (Collange et al., 2011;
D’Addabbo et al., 2011; Radwan et al., 2012;
Saad et al.,, 2017). Farmers rely mainly on the
application of synthetic nematicides rather
than on other approaches. However, late-
ly many of these chemicals are being with-
drawn from the markets due to environ-
mental health and safety concerns (Rich et
al., 2004). This highlights the need for devel-
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oping environmentally safer, target-specific
ways of controlling these parasites.

To date, there is an increasing interest
towards the utilisation of microorganisms as
biocontrol agents in sustainable agriculture
as an alternative to synthetic pesticides for
controlling various crop pests and diseases,
as well asimproving crop yield. These micro-
organisms produce a great variety of struc-
turally unique bioactive secondary metabo-
lites. For example, Actinomycetes, which are
found in soil and aquatic habitats produce
more than 10,000 such active compounds.
Among the bacteria used as microbial an-
tagonists, Actinobacteria, especially Strep-
tomyces spp., display activity against PPN by
generating nematicidal metabolites (Mishra
et al,, 1987; Sun et al., 2006) and chitinolytic
enzymes (Barka et al., 2016).

Avermectins, a new class of 16-mem-
bered macrocyclic lactones, have four pairs
of homologue compounds, i.e. four major
components Al,, A2, B1, and B2,, and four
minor components Aly, A2, Bl, and B2,.
Avermectins have been isolated from the
crude fermentation product of Streptomy-
ces avermitilis (Faske and Starr, 2007), and
proved to possess a broad spectrum of pes-
ticidal effects such as insecticidal, acaricid-
al, nematicidal and anthelmintic activities
(Jansson and Dybas, 1998).

ABM, a blend of avermectins B1, (<80%)
and Bl1, (>20%) with identical biological
and toxicological properties (Pitterna et al.,
2009), has nematicidal effects against root-
knot and other nematode genera against
several crops (Faske and Starr, 2007; Saad et
al., 2017). On the other hand, EMB, a second
generation avermectin derivative, is being
developed for control of insect pests on dif-
ferent vegetable crops worldwide (Jansson
and Dybas, 1998). It is structurally related to
ABM having higher insecticidal action than
ABM. It is also effective against root-knot
nematodes (Rehman et al., 2009).

Spinosyns are novel macrolides, natu-
ral metabolites produced under aerial fer-
mentation conditions by the soil actino-
mycete Saccharopolyspora spinosa.  This
Gram-positive bacterium produces SPI, a

© Benaki Phytopathological Institute

natural pesticide which is a mixture of spino-
syn A and spinosyn D (85:15), that was re-
ported to be an effective pest control agent
with low toxicity to humans and the envi-
ronment (Sparks et al., 1996).

SPI is toxicologically classified by the
U.S. Environmental Protection Agency as a
reduced risk material. SPIT is an analogue
to SPI that belongs to spinosyns and it is a
mixture of chemically modified spinosyns J
and L. These molecules were found to have
a wide spectrum of insect control potential
on a variety of crops with high residual ac-
tion (Huang et al., 2009).

Although the interest in avermectins, as
one class of macrocyclic lactones (MLs) for
nematicidal use, is increasing there is scarce
information in the literature about the ef-
fectiveness of MLs compounds against root-
knot nematodes. This encouraged us to
continue investigating this group of chem-
icals for root-knot nematodes management.
Therefore, the main goals of the present
study were to assess the in vitro nematicidal
potential of the structurally related mac-
rolides; ABM, EMB, SPI and SPIT against Mel-
oidogyne incognita. An in vivo pot trial was
also undertaken to investigate their effica-
cy against the nematode on tomato under
greenhouse conditions.

Materials and Methods

Macrocyclic lactones and a standard ne-
maticide

ABM (Tervigo® 2% SC) and EMB (Proclaim’
5 % WG) were supplied by Syngenta, Egypt
and SPI (Tracer” 24 % SC) and SPIT (Radient”
12 % SC) by Dow AgroSciences, Egypt and
the standard nematicide oxamyl (Vydate24%
SL) was supplied by E. I. du Pont de Nemours
& Company Inc. was used for comparison.

Root-knot nematode inocula

A single egg mass was excised from the
roots of an infested eggplant (Solanum mel-
ongena cv. Black Beauty) and a pure culture
of the root knot nematode isolate was propa-
gated on the roots of tomato (S. lycopersicum
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cv. Golden Stone) under greenhouse condi-
tions. The population was eventually iden-
tified as Meloidogyne incognita, according
to Taylor and Nelscher (1974) using perineal
patterns. During the course of this study,
eggs were being extracted from infected
roots with sodium hypochlorite (NaOCl) ac-
cording to Hussey and Barker (1973) and sec-
ond stage juveniles (J,) obtained using the
Baermann plate technique (Ayoub, 1980).

In vitro assays

The assessment of the effect of ABM,
EMB, SPI and SPIT on hatching and mortality
of M. incognita J, was carried out in vitro. Pre-
liminary experiments were conducted to es-
tablish the effective range of concentrations
of the chemicals.

Hatching assays

The concentrations of each chemical
tested during this study were as follows: for
ABM and EMB, 25, 50, 100, 200 and 400 mg/I;
for SPI, 250, 500, 1000, 2000 and 3000 mg/I
and for SPIT, 250, 500, 1000, 1500 and 2000
mg/I. Vials (each one ca. 15 ml) containing
distilled water served as control. Each treat-
ment was replicated four times and each
replicate involved approximately 1200 eggs.
The numbers of J,, hatched from eggs, were
recorded at 3 and 7 days after application.

Mortality assays

The concentrations of each chemical
tested during this study were as follows: for
ABM, 12.5, 25, 50, 75 and 100 mg/|; for EMB,
25, 50, 75, 100 and 200 mg/I; for SPI, 250,
500, 1000, 1500 and 3000 mg/l and for SPIT,
250, 500, 1000, 1500 and 2000 mg/l. Each
treatment was replicated four times includ-
ing distilled water as a control and each rep-
licate involved 200 J,. The numbers of both
dead and alive J, were recorded after 24 and
48 h exposure and the mortality percentag-
es was estimated.

Pot assay

The nematicidal performance of ABM,
EMB, SPI and SPIT was tested on tomato
plants infested with M. incognita. Pots with

capacity of one kg soil were filled with auto-
claved loamy sand soil. ABM and EMB were
applied as a soil drench at the rate of 10 and
50 folds of their LCso's values based on J,
mortality test after 24 h exposure, while SPI
and SPIT were applied at the rate of 10 and
20 folds of their LCsy's values after 24 h ex-
posure. Oxamyl was used as a standard ne-
maticide.

One one-month old tomato seedling cv.
HERMIS was transplanted in each pot, and
three days later inoculated with 5000 eggs.
Untreated uninoculated and untreated inocu-
lated plants served as controls. All treatments
were replicated five times and arranged in a
complete randomized design on a bench in
a greenhouse (28 + 2°C, 65 + 2 RH and 12: 12
L:D photoperiod). During the course of the
experiment, irrigation and fertilization were
applied when appropriate. Fifty days after
the inoculation, the plants were removed
and washed free of soil. Shoot height and
dry weight, root length and dry weight were
measured and number of galls/root system,
egg-masses/root system, eggs/egg-mass and
J,/250g soil were estimated. J,s were extract-
ed as previously mentioned and Phloxine B
was used to stain the roots to facilitate egg
mass counting (Holbrook et al., 1983).

Statistical analysis

The statistical analysis of data was car-
ried out using a computer Costat program
(2005) version 6.303. Statistically significant
differences between the means were com-
pared using analysis of variance (ANOVA)
with the least significant differences (LSD)
and P-values at 0.05 probability. Hatching
and J, mortality percentages were estimat-
ed using the Abbott formula (1925), and Pro-
bit analysis was used to calculate LCs, for
each compound according to Finney (1971).

Results

Impact of test compounds on egg hatch-
ing and J, mortality of M. incognita un-
der laboratory conditions

The egg hatching inhibition rate (%) un-
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der laboratory conditions, due to exposure
to the tested bioproducts after two time in-
tervals is illustrated in Fig. (1). Hatching was
inversely proportional to the concentration
of the bioproducts. After 3 and 7 days expo-
sure, the most effective compounds caus-
ing hatching reduction were ABM (96.32
and 85.41%, respectively) and EMB (88.55%
and 71.23%, respectively) at 400 mg/Il. At
2000 mg/I, hatching inhibition was 73.83%
and 69.40% for SPI and 77.72% and 73.35%
for SPIT (Fig. 1). LCs values on hatching in-
hibition after 3 and 7 days exposure were
respectively, for ABM 24.61 mg/l and 46.89
mg/|, for EMB 47.97 mg/l and 83.09 mg/I, for
SP1629.53 mg/l and 781.52 mg/l and for SPIT,
487.46 mg/l and 635.66 mg/| (Table 1).

J,mortality increased by increasing com-
pound concentration and exposure time,
whereas no mortality occurred in the con-
trols. After 24 and 48 h exposure, J, mor-
tality for ABM at 100 mg/l was 73.01% and
86.00%, respectively, and for EMB 51.43%
and 63.08%, respectively. SPI at 1500 mg/I
caused a45.22% and 50.66% mortality, while
SPIT 32.86% and 42.03%, respectively. This
indicates that there is a marked increase in
J, mortality caused by ABM over EMB and by
SPI over SPIT (Fig. 2). Probit analysis of these
results indicates that, after 24 h exposure,
ABM was the most toxic compound against
J, (LCso = 36.64 mg/ml) followed by EMB,
SPI and SPIT. LCs, values after 48 h expo-
sure were 22.89, 79.03, 1611.27 and 2355.52
mg/| for ABM, EMB, SPI and SPIT, respective-
ly. In general, these compounds could be ar-
ranged according to their effectiveness on J,
mortality as follow: ABM > EMB > SPI > SPIT
(Table 1).

Effect of test compounds against M. in-
cognita at pot assay

All treatments showed differential nem-
aticidal properties when compared to the
untreated inoculated control. Gall formation
was significantly suppressed by EMB, ABM,
SPIl and SPIT with reductions of 71.65, 69.46,
64.54 and 64.01%, respectively. However, no
significant differences were observed be-
tween ABM and EMB and between SPI and
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SPIT (Table 2). Except for EMB, no significant
differences were observed between the
lower and the higher rates of ABM, SPI and
SPIT. The same trend was exhibited with re-
spect to egg masses/root system. EMB was
the most effective followed by ABM, SPI and
SPIT, reducing egg masses by 76.28, 74.57,
56.20 and 51.24%, respectively. No signif-
icant differences were detected between
the lower and higher rates of all treatments.
With respect to the number of eggs/egg
mass, EMB, SPI, ABM and SPIT recorded re-
ductions of 61.71, 54.08, 52.34 and 45.61%,
respectively. The application of EMB, ABM,
SPl and SPIT suppressed population density
in soil by 91.82, 89.26, 74.33 and 72.64%, re-
spectively, compared to the control. No sig-
nificant differences were observed between
the lower and the higher rates of all applied
treatments (Table 2).

The effect of ABM, EMB, SPI and SPIT as
a soil drench on the shoots and roots of the
tomato seedlings is shown in Table 3. Shoot
height increased in all the treated plants by
23.35% to 48.24%. The maximum increase
was observed in plants treated with SPIT,
followed by SPI, EMB and ABM. No signifi-
cantdifferences were observed between the
lower and the higher rates of all treatments.
Noticeable increases were also recorded in
the mean root length of plants treated with
SPI, SPIT and EMB, i.e. 19.85%, 8.82% and
4.41%, respectively, whereas ABM reduced
root length by 4.78%. Noticeably, the high-
er rate of SPIT exhibited a root length reduc-
tion by 5.88% (Table 3).

Regarding dry shoot weight, data indi-
cate an increase as compared to the control;
the highest dry weight was observed with
SPI (43.46%), followed by SPIT (34.11%), ABM
(16.93%) and EMB (16.54%). ABM at the low-
er rate (10 folds) decreased dry shoot weight
by 8.97%. Plants treated with ABM showed
significant differences between the low-
er and the higher rates, whereas no signif-
icant differences were found between the
lower and the higher rates of EMB, SPI and
SPIT (Table 4). All treatments recorded an in-
crease in dry root weight over the untreated
inoculated control. Such increase was min-
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imum (14.26%) in plants treated with ABM,
while treatment with SPI induced the maxi-
mum increase (74.26%) over the control (Ta-
ble 4).

Discussion

The present investigation revealed that the
tested MLs compounds possess nemati-
cidal properties against M. incognita under
laboratory and greenhouse conditions with
the following descending order ABM >EMB
>SPI> SPIT. The findings of the present in vit-
ro studies are in conformity with previous
studies in which ABM nematode toxicity was
higher than that of EMB. ABM was more ef-
fective than EMB on hatching inhibition and
juveniles mortality of M. incognita in labora-
tory tests (Ullah et al., 2015). ABM has been
found more toxic than EMB with respect to
the number of galls and egg masses in roots,
with 61.77 and 78.82%, and 43.75 and 56.41%
reductions, respectively (Shahid et al., 2009).
d’Errico et al. (2017) reported that Tervigo®
(ABM 2% SC) and two other formulations,
CHA 2061-02 EW and CHA 2080 SC, showed a
nematostatic activity against M. incognita J,
in vitro, where after exposure to these prod-
ucts, J, were immobilized and subsequently
resumed mobility over time following a re-
covery test. AVM B; when used at 10 and 100
mg/l completely inhibited egg hatchabili-
ty of Meloidogyne arenaria Chitwood in vitro
(Cayrol et al., 1993). Avicta® containing ABM
reduced hatching and increased M. javanica
J, mortality in vitro. In addition to the nema-
tostatic effect, Avicta® possessed a nemati-
cidal effect (Almeida et al., 2017). However,
while studying the toxicity of EMB and ABM
to M. incognita juveniles in the laboratory,
Ding et al. (2009) reported that the toxicity
of EMB was found higher than that of ABM,
their LCso being 0.1645 and 0.4532 mg/I, re-
spectively. Also, EMB was highly toxic to M.
incognita juveniles with LCso and LCqo values
of 3.59 and 18.20 mg/L after 48 h of expo-
sure, respectively (Cheng et al., 2015).
Indeed, avermectins have already been
proven nematicidal and effective in reduc-

ing nematode populations both in soil and
the roots of infested plants. Regardless the
method of application, our findings con-
firmed published reports in which ABM was
effective against root-knot nematodes on
cotton (Faske and Starr, 2007), tomato (Qiao
etal, 2012; Ullah et al., 2015; Saad et al., 2017)
and cucumber (Huang et al,, 2014). Nurs-
ery bed soil drenching with EMB 1.9 % WP
at 285.0 g a.i./ha before or after sowing, in-
duced high reduction of the J, population in
the soil as well as of the number of females
per g root (Das et al., 2014).

SPIT is often more potent, faster-acting,
and longer-lasting than SPI as an insecticide
(Sparks et al., 2008; Dripps et al., 2011). In the
present study, spinosyn compounds dis-
played satisfactory results regarding the ne-
maticidal activity against M. incognita, both
under in vitro and in vivo conditions. Howev-
er, their nematicidal efficacy was lower than
that of the avermectin compounds. To our
knowledge, the potency of spinosyn against
PPNs has not been reported yet, except for
the effect of SPI as a nematicide recorded by
Khalil (2013) where Tracer® 24% SC at 0.5 and
0.1% reduced M. incognita populations by
70.90 and 62.51%, respectively.

The increase in plant growth parame-
ters, such as shoot height, root length and
dry weight of either shoots and roots sug-
gests that the treatments tested during this
study have a good potential nematicidal ef-
fect on the root knot nematode M. incogni-
ta, which can result in effective plant pro-
tection. The obtained results are consistent
with the earlier report by Ding et al. (2009)
that proved the effectiveness of EMB in im-
proving plant growth of tomato. Such im-
provement in plant growth is possibly due
to the reduction in PPN populations. Our
findings are also in agreement with the data
of Khalil (2012) and Saad et al. (2017), who
found that ABM when applied against M. in-
cognita infesting tomato plants, increased
all plant growth parameters. Moreover, ABM
enhanced cucumber plant vigor and fruit
yield (Huang et al, 2014). However, Khal-
il (2013) found that SPI at 0.1% reduced the
fresh weight of roots by 20.69% when ap-
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plied against M. incognita on tomatoes. The
decrease in some plant growth parameters
in the present study may be attributed to
phytotoxicity.

Overall, the tested avermectins and
spinosins can be considered as interesting
alternative tools for the management of the
root-knot nematode, M. incognita, being
compounds with a good nematicidal po-
tential, which have different mode of action
to the available nematicides (Salgado, 1998;
Bloomquist, 2003; Watson et al., 2010).

Conclusions

The current study provides evidence that
the structurally related macrocyclic lactone
compounds ABM, EMB, SPI and SPIT have a
good potential to control the population of
the root-knot nematode, M. incognita, by re-
ducing hatching and increasing J, mortality
in vitro. Also, soil drenching with these com-
pounds significantly reduced the reproduc-
tion of M. incognita and consequently en-
hanced tomato growth characters. ABM and
EMB as members of avermectins had great-
er efficacy on the M. incognita than SPI and
SPIT as members of spinosyns. In general,
the tested compounds are promising alter-
natives (bionematicides) to the classical ne-
maticides for the control of root-knot nem-
atodes in tomato production. Nevertheless,
further research is required to assess the ne-
maticidal properties of these compounds
under field conditions. Furthermore, fu-
ture research can extend to designing new
controlled release formulations based on
a nano-delivery system, which would en-
hance their efficacy and expand their use in
the area of PPN management.
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Awgpglvnon TG in vitro Kat in vivo viipatwdoktovou dpaong
SouiIKd cuyyevwv §pacTIiKwV ouciwv TN Opadag tTwv
HakpoAdiwv évavti tou Kopovnuatwdn Meloidogyne
incognita

M.A. Radwan, A.S.A. Saad, H.A. Mesbah, H.S. Ibrahim kat M.S. Khalil

NepiAnPn  O1 aBeppexTiveg Kal ot OTIVOCIVEC ival SOUIKA GUYYEVH QUOIKA TIPOIOVTA UIKPOPRIOKS
TIPOEAELONG KAl AVIIKOUV O€ HIa VEQ OIKOYEVELD HAKPOMSIWV pe Spdon évavTl evOg HeyaAou eLPOUG
aoTOVOUAWY PUTOTIAPACITWV. XTNV TTapoucod UENETN SlepeuviOnKe, o€ GUVBNKEC in Vitro Kal in vivo, N
emidpaon Tecodpwv TéTolwv dpacTikwy, TS apapektivng (ABM), Tng Bevloikng epapextivng (EMB), Tou
spinosad (SPI) kat tou spinetoram (SPIT), otov kopovnuatwdn Meloidogyne incognita. ONeG Ol EVWOELG
Meiwoav TNV ekkOAaPn wwv Kat odrynoav o€ uPnAn Bvnotudtnta Twv mpovuuewv 2°° otadiou (J,) Tou
vnpatwdn. H afapextivn katédelée ta peyaAUTEPA TOCOOTA AVAOTOANG EKKOAAPNC wwV Kal BvnoIuo-
TNTAC TTPOVULQPWV J,, v To SPIT Katéypaye To HIKpOTEPO T0000TO. ONEC O1 EMeUPATELS Peiwoav TOV
apBpo Oykwv (KOUPWV), wwv, wwv/ wdoaKoug oTI¢ PIleC Kal TPOVUPQWV J, 0To £6agog, og cUYKPLoN
HE To pdpTupa. H Bevloikn epapekTivn Kal n afauekTivn, o ouykévipwaon dekamidoia Tng TiUAC LCso
yla TN BvnoIOTNTA TWV TIPOVUUQWY J; in vitro 0TIC 24 wpeg, epedvicav uPnAdTepn MooooTIdia HEiw-
on kéuPwv (79,68 kat 71,45%), wocakwv (75,19 kat 70,54%), wwv/ wdoakoug (40,91%) Kal TPOVUUPWY
J, 070 €6090¢ (90,31 Kat 86,54%), avtioTolya, o cUYKpLon We To SPI kat To SPIT. Emiong, mapatnperibnke
onuavTikn avénon oto LPoc TWV PAACTWV TNC TOPATAC 08 OAEC TIC SPaOTIKEC ouaiec (X 10 popéc) Kal
o710 SPIT (X 20 @opéc). To pnkoc ¢ pilac av€nonke onuavtika amd to SPI oe 10 mAAoia CUYKEVTPWON
™NC TIUAC LCso y1a Tn BvNoIMATNTA TWV TPOVUHQWY J; in Vitro oTIC 24 WPEC VW PEIWONKe amd tnv afa-
HekTivn og 50 mAdola cuykévtpwan kal to SPIT og 20 mAdaoia ouykévipwon, Katda 5,15% kai 5,88% avTi-
OTOlX0, OE OXEON ME T GUTA Tou papTupa (xwpic eméuPBacn). To Enpod Bapog PAacTtwy Kat pilwv av-
&NOnke og OAeC TIC emeUPACELC O€ CUYKPLON UE TO PApTUpa. Ta euprpata UTOSEIKVUOUV OTI Ol EVWOELC
AUTEG €XOLV TNV IKavOTNTA va puBuiCouv TNV MANBUOUIAKE TTUKVOTNTA TWV VUATWEWY Kal UmopEi va
amoTeAEOOLV pia eVAANAKTIKE AUGN €VAVTI TWV KAAGIKWV VNUATOSOKTOVWV.
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Investigating the in vitro and in vivo nematicidal performance of
structurally related macrolides against the root-knot nematode,
Meloidogyne incognita
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