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SHORT COMMUNICATION

The effect of a garlic essential oil component and
entomopathogenic nematodes on the suppression of
Meloidogyne javanica on tomato

I. Anastasiadis’, A.C. Kimbaris?, M. Kormpi', M.G. Polissiou® and E. Karanastasi'

Summary Root-knot nematodes are worldwide distributed plant pests with a wide range of hosts
that cause downgrading and unmarketability of produce, significant yield decrease, or even total fail-
ure of various crops. The entomopathogenic nematodes have extensively been studied as a potential
alternative method for the control of plant parasitic nematodes. In addition, the essential oil of garlic
and its volatile components that possess fumigant properties against several plant pests and patho-
gens have also been shown to suppress plant parasitic nematodes. The present work is a pilot study
examining the possibility of a combined action of Steinernema carpocapsae and diallyl disulfide, a vol-
atile component of garlic essential oil, against Meloidogyne javanica. The results of the study showed
that the combined use of S. carpocapsae and diallyl disulfide significantly reduced the population of

M. javanica on tomato.
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Root-knot nematodes (Meloidogyne Goldi
1892 - RKN) are obligate parasites of higher
plants distributed worldwide causing con-
siderable yield losses and reduction of prod-
uct quality on almost every plant species.
Garlic essential oil and its volatile compo-
nents have repeatedly been studied and it is
now commonly accepted that they possess
fumigant properties against several plant
pests and pathogens, including plant para-
sitic nematodes (PPN) (5, 7). Diallyl disulfide,
used in the present study, is one of the gar-
lic essential oil volatile components that ac-
counts for 30-50% of the total sulphide mix-
ture (13). Entomopathogenic nematodes
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(EPN) (Heterorhabditis and Steinernema spe-
cies) are obligate parasites of insects that
kill their hosts by introducing their bacteri-
al symbionts (Photorhabdus and Xenorhab-
dus species, respectively) into the insect’s
haemocoel (2, 4). Surprisingly, some 25 years
ago, it was shown that the co-existence of
PPN and EPN causes a reduction in PPN pop-
ulations (3, 6, 10). The objective of the pres-
ent study was to examine whether there is a
possibility of a combined action of EPN and
diallyl disulfide in suppressing RKN.

The Meloidogyne javanica (Mj) inoculum
was produced on tomato plants cv. ‘Bella-
dona’, maintained in a growth chamber at
25°C for two months. Egg masses of Mj were
randomly hand-picked from the infected to-
mato roots and used immediately for soil in-
oculation.

Steinernema carpocapsae (Sc) (Koppert
B.V. Berkel eb Rodenrijs, The Netherlands®)
was reared on Galleria melonella (Lepi-
doptera: Pyralidae) at 25°C (8). Infective ju-
veniles were recovered using White traps
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(14) and stored in 1 | flasks filled with tap wa-
ter at 4°C (approximately for 5-7 days) until
further use. For the trials with live infective
juveniles (1J) and prior to the soil inocula-
tion, the nematodes were left for 30-60 min
at room temperature in order to recover. For
the trials with dead IJ, the nematodes were
heat-killed prior to soil inoculation on a heat
block at 70°C for 15 min.

Diallyl disulfide (purity 70%) was pur-
chased from Across Organics (New Jersey,
USA). Laboratory-based gas chromatogra-
phy analysis revealed two other main com-
ponents: diallyl sulfide (15%) and diallyl
trisulfide (12%).

Tomato seedlings (cv. ‘Belladona’) with
three pairs of leaves were transplanted in
250 cm? plastic transparent pots containing
commercial compost soil. After two days,
groups of five egg masses (about 2,000
eggs, as estimated after dissolving the egg
masses with sodium chloride) were added
to the pots. All EPN treatments were added
simultaneously with Mj at a rate of 7,000 live
S. carpocapsae (Sc) or 7,000 heat-killed. Each
pot received 20 ml of 2 pl/ml diallyl disulfide
solution (Dd) in a single or a double appli-
cation, i.e. concurrent with Mj inoculation
(single application) or concurrent with and
one week after Mjinoculation (double appli-
cation). Control pots received 20 ml of dis-
tilled water.

The experiment consisted of eight treat-
ments (plus control) and each treatment
was replicated five times in a completely
randomized experimental design.

Experimental plants were incubated in a
growth chamber at 25°C. After 28 days, the
roots were submerged in water to gently
rinse away the soil. The roots were dried off
on tissue paper and their fresh weight was
measured. Subsequently, the roots were cut
into 1-2 cm pieces and females of Mj were
teased from the roots and counted at 17.5x
magnification. Statistical analysis was per-
formed with SAS software (SAS Institute,
Cary, NC) and mean separation was con-
ducted using the Tukey’s test (12).

Thenumber of female Mjcountedinroots
treated with live or dead Sc and/or Dd was

significantly lower than that in the untreated
control (P<0.001). The greatest disparity was
observed when Dd was applied in a double
application (at 0 and 7 days post-Mjinocula-
tion) to soil previously treated with dead or
live Sc. No statistically significant (P<0.001)
differences were noted between the treat-
ments with live and dead Sc. However, in
both treatments, the number of Mj females
was reduced by 32% and 45%, respectively,
compared to the control. The total numbers
of Mj females counted in tomato roots treat-
ed with Dd in a single or a double applica-
tion, were significantly (P<0.001) lower than
those in the control. In treatments with dead
Sc + Dd, the number of Mj females that de-
veloped from egg masses in the Dd double
application was significantly (P<0.001) lower
than that in the single application. In treat-
ments with live Sc + Dd, the number of Mj
females developed from egg masses in the
Dd double application was not significant-
ly (P<0.001) different to that of the single ap-
plication (Table 1). No statistically significant
differences were noted with regard to root
weight (P>0.05). The results of the present
study showed that both live and dead IJ of
Sc suppressed Mj on tomato plants, which is
in accordance with the findings of Lewis et
al. (9). In contrast to these results, Grewal et
al. (6) found no effect of live lJ, which may in-
dicate that these nematodes act by a slower
release of the intestinal bacterial agents in-
duced by their natural death. Bird and Bird
(3) also suggested that PPN suppression
may be due to a competition for habitat and
space. These factors may influence the ef-
fectiveness of live 1), depending on the en-
vironmental conditions, the plant parasitic
and entomopathogenic nematode species,
the soil type and the host plant or the pres-
ence/absence of insect hosts. The results
of the present study are in agreement with
previous research on nematode suppres-
sion by garlic seeds and bulbs, garlic essen-
tial oil and garlic essential oil components (1,
6). Diallyl disulfide was more effective when
it was used in two applications, one concur-
rent with Mj inoculation and a second one
7 days later. It is likely that some eggs that
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Table 1. Effects of diallyl disulfide (Dd), used alone or in combination with dead or live Stein-
ernema carpocapsae (Sc), on the number of female Meloidogyne javanica (Mj), 28 days after
inoculation of potted tomato plants (cv. ‘Belladona’).

Treatment Rate/dose Time of application (dpi)' Nematodes per root ?
Control 0 0 243 a3
Dd 2 ul/ml 0 112.8 cd
Dd 2 &2 pl/ml 0&7 76.4 def
Live Sc 7,0001) 0 165.4 b
Dead Sc 7,000 1) 0 133 bc
Live Sc + Dd 7,000 1) + 2 pl/ml 0 104.2 cde
Live Sc + Dd 7,000 1) + (2 &2 pl/ml) 0+(0&7) 71.2 ef
Dead Sc + Dd 7,000 1) + 2 pl/ml 0 101 cde
Dead Sc + Dd 7,000 1) + (2 &2 pl/ml) 0+(0&7) 59.4f
LSD =40

'dpi: days post-Mjinoculation
2Mean of five replicates

3Numbers followed by the same letter do not differ significantly at P<0.001

survive the first application hatch into in-
fective juveniles, which are subsequent-
ly killed by the second application. Alterna-
tively, due to the high volatility of the diallyl
disulfide and the protective nature of the
egg mass (11), repeated applications are re-
quired to achieve higher effectiveness. It is
also worth mentioning that neither the sin-
gle nor the double application of diallyl dis-
ulfide caused any phytotoxicity.

It can be concluded that both S. car-
pocapsae and diallyl disulfide exhibit signifi-
cant nematicidal or nematostatic properties
and have the potential for nematode con-
trol. However, more parameters should be
studied, such as plant parasitic nematode
initial infestation density, soil type, applica-
tion time, dosage and repeated applications
of diallyl disulfide.
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>YNTOMH ANAKOINQXH

Enidpaon evog aifepiov eAaiov Tou oKOpSou Kat
EVTOMOTTAO0YOVWY VNATWS WV GTNV KATACTOAR TOU

Meloidogyne javanica otnv Topdata

I. Avaotaciddng, A.K. Kuumdpng, M. Kopurr, M.I. MoAuciou kai E. Kapavactaon

Mepilnpn O vnupatwdelg Tou yévoug Meloidogyne éxouv maykdopia e§Amwaon Kal oAU Heyaho €U-
pOo¢ EEVIOTWVY, OTOUC OTIOIOUC UTTOPEL VO TIPOKOAAEGOUV UTIOBABION TNE EUMOPEUCIMOTNTAC TOU TTapa-
YOUEVOU TIPOIOVTOC, CNMAVTIKI MEIWON TNG TTAPAYWYNC, KAl O TTOAEC TIEPIMTTWOEIC OKOMN KAl TNV OAI-
K| Kataotpo@r TnG kaAhiépyelag. Ot evtopomaboydvol vnuaTwdelg eival 0pyaviopoi TTou €X0UV HENE-
TNOEl ekTEVWE WE TTPOC TN SuvaTdTNTA XENGOIMOMOINGHE TOUG WE EVAANAKTIKWY MEBSSWY QVTIHETWTTI-
oN¢ TWV QUTOTAPACITIKWY Vpatwdwv. Emiong, To ailBéplo éato Tou okdpdou, To omoio Slabétel amo-
AupavTikeg 1810TNTEG vavTiov mMoAUdpIBLwY ex0pwV Kat acBevelwvy Twv QUTWY, EXel 0N amodelyTel 6T
pmopei va kataotéAAel kal Tn dpdon Twv vnpatwdwv. H mapouoa epyacia amoteel fia mAOTIKN HENE-
Tn mou okomd éxel va Slepeuviioel Thv mMBavoTnTa cuvdUACTIKNS SpAong Tou evtopomaboyévou via-
Twén Steinernema carpocapsae kai Tou SIAAAUAO S1ooUA@ISiov, EVOC TTNTIKOU GUOTATIKOU TOU alBepi-
ou gAaiou Tou okdpbov, yla TV avTiueTwion Tou Meloidogyne javanica.

Hellenic Plant Protection Journal 4: 21-24, 2011

© Benaki Phytopathological Institute



