
Citation: D’Addabbo, T.; Ladurner,

E.; Troccoli, A. Nematicidal Activity

of a Garlic Extract Formulation

against the Grapevine Nematode

Xiphinema index. Plants 2023, 12, 739.

https://doi.org/10.3390/

plants12040739

Academic Editors: Carla Maleita and

Ivânia Esteves

Received: 11 January 2023

Revised: 30 January 2023

Accepted: 4 February 2023

Published: 7 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

plants

Communication

Nematicidal Activity of a Garlic Extract Formulation against the
Grapevine Nematode Xiphinema index
Trifone D’Addabbo 1,* , Edith Ladurner 2 and Alberto Troccoli 1

1 Institute for Sustainable Plant Protection—CNR, 70126 Bari, BA, Italy
2 CBC Europe—Biogard Division, 24050 Grassobbio, BG, Italy
* Correspondence: trifone.daddabbo@ipsp.cnr.it

Abstract: The nematicidal activity of garlic extracts is known on root–knot nematodes but never
investigated on the grapevine nematode Xiphinema index. In this study, the nematicidal activity of a
commercial garlic extract formulate (GEF) was assessed on X. index, both in vitro and in a pot assay.
In the in vitro assays, mixed specimens of X. index were exposed to a 0–4 mL L−1 range of GEF
concentrations, checking nematode immotility and mortality after 2, 4 or 8 h. In the experiments
on potted grapevines, plants cultivated in soil infested by X. index were irrigated twice at a 15-day
interval with 0.05, 0.2 and 0.5 mL L−1 solutions of GEF, including nontreated soil as a control. An
almost complete mortality of X. index specimens occurred after a 2 h exposure to a 2 mL L−1 GEF
concentration, while an 8 h exposure to even the 0.0312 and 0.0156 mL L−1 solutions resulted in about
50% and 30% mortality, respectively. Soil treatment with a 0.5 mL L−1 GEF solution significantly
reduced the population of X. index and increased the grapevine root growth compared to nontreated
soil or soil treated with the lower dosages. Results of this study indicated that garlic-based nematicides
could be an effective tool for X. index management in organic and integrated vineyards.

Keywords: Xiphinema index; grapevine; sustainable control; garlic extract

1. Introduction

The parasitism of the dagger nematode, Xiphinema index Thorne et Allen can reduce
grapevine yield and quality, causing severe economic losses in vineyards throughout the
world [1,2]. Yield losses are mainly due to X. index’s role as vector of the grapevine fanleaf
virus, as direct plant damages are limited to stubby roots with terminal swellings, rarely
affecting grapevine growth and yield performance [3]. Over the last decades of the past
century, control of X. index in vineyards mainly relied on pre–planting soil treatments with
chemical fumigants as methyl bromide and 1,3-dichloropropene, which are currently with-
drawn from the market because of their high environmental toxicity [4]. Poor availability
of effective synthetic nematicides has created a strong desire for the search of alternative
control tools, such as organic amendments [5], green manures [6], biofumigation [7] and
biocontrol agents [8].

Based on the presence of nematicidal compounds in a large variety of plants [9],
plant–derived nematicide products could be an additional tool for the environmentally
safe management of X. index. Previous studies of our research group documented a high
sensitivity of X. index to various biocidal plant secondary metabolites, such as saponins,
prosapogenins and sapogenins from different Medicago species [10], caffeic acid, chlorogenic
acid and artemisinin from Artemisia annua L [11], or essential oils from aromatic and
medicinal plants [12]. Moreover, an antagonistic effect on X. index was also documented for
the extracts or biomasses of other plant species, such as Brassica napus L., B. juncea Czern. &
Coss, Chenopodium ambrosioides L. and Ruta graveolens L. [13,14].

Garlic (Allium sativum L., Amaryllidaceae family) has been documented for a wide
spectrum of biological effects, including antibacterial, antifungal and nematicidal activities,
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attributed to the presence of a wide range of organosulfur compounds [15,16]. In particular,
the most bioactive class of garlic compounds are the diallyl polysulfide compounds with
one to six sulfur atoms in a linear chain, deriving from the enzymatic hydrolyzation of
sulfur–containing amino acids through the formation of the unstable compound allicin [17].
The nematicidal activity of garlic extracts or other garlic formulations has been documented,
though at different levels of efficacy, on root–knot nematodes [15,18–20]. More recently,
granular or emulsifiable formulations of garlic extracts rich in polysulfides have been
proved for an effective control of the root–knot nematode Meloidogyne incognita (Kofoid et
White) Chitwood on tomato and other vegetable crops [21–23]. These formulations could
represent a potential tool also for the control of X. index in vineyards but, to the best of
our knowledge, there is no current information on their efficacy on this phytonematode
species. Based on this lack of information, this study aimed to investigate the effects of a
commercial garlic extract formulate (GEF) against X. index, both with in vitro conditions
and in soil.

2. Results
2.1. In Vitro Toxicity

An almost complete mortality of X. index specimens occurred already after a 2 h
exposure at the 4 and 2 mL L−1 concentrations of GEF, though more than 80% and 60%
mortality rates were also found at the 1.0 and 0.5 mL L−1 concentrations, respectively
(Table 1).

Table 1. Effect of 2-, 4- and 8-h in vitro exposure to a 0–4 mL L−1 range of concentrations of a garlic
extract formulate on motility and mortality of mixed–age specimens of Xiphinema index 1.

mL L−1 2 h 4 h 8 h

Immotility Mortality Immotility Mortality Immotility Mortality

0 0.0 ± 0 a 2 0.3 ± 0.3 a 0.3 ± 0.3 a 0.4 ± 0.4 a 0.4 ± 0.4 a 0.4 ± 0.4 a
0.0156 3.2 ± 0.6 a 2.8 ± 0.5 a 18.8 ± 1.0 b 13.0 ± 0.9 b 35.6 ± 0.5 b 25.1 ± 2.0 b
0.0312 5.3 ± 0.2 a 4.7 ± 0.3 a 31.7 ± 1.6 c 27.8 ± 0.9 c 56.0 ± 1.0 c 46.9 ± 2.0 c
0.0625 6.8 ± 0.7 a 5.0 ± 0.9 a 37.8 ± 1.5 d 35.9 ± 1.1 d 70.1 ± 3.0 d 57.2 ± 1.4 d
0.125 14.5 ± 0.2 b 13.6 ± 0.4 b 46.9 ± 0.9 e 58.3 ± 1.2 e 94.1 ± 3.6 e 66.7 ± 1.7 e
0.250 35.6 ± 1.8 c 28.1 ± 1.6 c 89.7 ± 1.7 f 72.6 ± 0.9 f 99.1 ± 0.7 f 91.0 ± 1.0 f
0.5 69.9 ± 5.4 d 61.9 ± 4.3 d 100 ± 0 g 100 ± 0 g 100 ± 0 f 100 ± 0 g
1.0 90.0 ± 1.7 e 83.6 ± 1.3 e 100 ± 0 g 100 ± 0 g 100 ± 0 f 100 ± 0 g
2.0 97.1 ± 1.5 f 97.1 ± 1.5 f 100 ± 0 g 100 ± 0 g 100 ± 0 f 100 ± 0 g
4.0 100 ± 0 f 100 ± 0.0 f 100 ± 0 g 100 ± 0 g 100 ± 0 f 100 ± 0 g
IC50 0.26 - - - 0.076 - - - 0.027 - - -
LC50 - - 0.32 - - - 0.096 - - - 0.044 -

1 Values are means of four replicates ± standard error; 2 Means followed by the same letter on the same column
are not significantly different according to the Least Significant Difference Test (p ≤ 0.05).

At the same exposure time, nematode motility and mortality was not or poorly af-
fected by GEF concentrations ≤0.125 mL L−1. Moreover, both immotility and mortality
rates resulted in no statistical differences with the 0–0.0625 mL L−1 concentrations, while
significant differences occurred among the other concentrations. After a 4 h treatment,
a complete X. index mortality occurred in the 0.5–4 mL L−1 concentrations and 90% and
73% of treated specimens were immobilized or killed, respectively, even in a 0.250 mL L−1

product solution.
The 8 h exposure resulted in almost 50% and 25% X. index mortality rates even at the

0.0312 and 0.0156 mL L−1 GEF concentrations, respectively, while nematode immobilization
was almost complete after an immersion in the 0.125 mL L−1 solution for the same time.
At both the 4 and 8 h exposure, immotility and mortality rates significantly increased only
in the range of 0–0.250 mL L−1 concentrations, as equal to 100% in solutions ≥0.5 mL L−1.
Data from the probit analysis indicated that 0.26 and 0.32 mL L−1 GEF concentrations
were sufficient to immobilize (IC50) or to kill (LC50), respectively, 50% of the exposed
X. index specimens within 2 h, while these values dropped to 0.027 and 0.044 mL L−1 for
the 8 h treatment.
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2.2. Activity in Soil

Compared to the nontreated control, soil population density of X. index was signifi-
cantly reduced only by the 0.5 mL L−1 treatment of GEF at both sampling dates, −52.8 and
−49.4%, respectively (Figure 1).
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Figure 1. Effect of soil treatments with garlic extract formulation on soil population density of
Xiphinema index on potted grapevine. Values are means of seven replicates ± standard errors. At each
sampling date, bars marked by the same letters are not significantly different according to the Least
Significant Difference Test (p ≤ 0.05).

No significant effect on the X. index population was provided by soil treatments with
0.05 and 0.2 mL L−1 GEF solutions. The suppressive effect of the garlic product persisted
for about one month after the second treatment, as nematode population rapidly increased
in all pots until the end of the experiment, due to the maintenance of grapevine plants at a
favourable greenhouse temperature (25 ± 2 ◦C). However, the X. index reproduction rates
in the interval between the two sampling dates remained slightly lower in soil treated with
0.5 mL L−1 of GEF than in soil not treated or treated with the other two dosages (9.8 vs.
10.8, 11.9 and 10.5, respectively).

Weight of the aboveground biomass of grapevine plants did not significantly differ
among the treatments, while a significant increase of root biomass weight (+37.1%) was
recorded in soil treated with the 0.5 mL L−1 GEF solution compared to the control (Figure 2).
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in soil infested with Xiphinema index. Values are means of seven replicates ± standard errors. For
each plant part, bars marked by the same letters are not significantly different according to the Least
Significant Difference Test (p ≤ 0.05).
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3. Discussion

Data from the in vitro assay proved a strong activity of GEF on X. index, as 1.0 and
0.25 mL L−1 concentrations were sufficient to kill more than 90% of the X. index specimens
within 2 and 8 h, respectively. However, a preliminary microscopical observation (data
not showed) indicated that the toxic effects of GEF on the X. index specimens started even
earlier than the first 2 h check reported in the study. The X. index sensitivity to GEF was
higher than that of the root–knot nematode M. incognita, as the values of LC50 calculated
in our in vitro experiments (0.32, 0.096 and 0.044 mL L−1 after 2, 4 and 8 h, respectively)
were much lower than those (0.8 mg mL−1 after 96 h) reported for M. incognita in previous
assays with a granular formulation of the same product tested in this study [21]. The higher
sensitivity of X. index was in agreement with our previous studies on other phytochemicals,
such as sesquiterpenes from A. annua or monoterpenes from various essential oils [13,14],
and could be reasonably attributed to the different anatomy and feeding behavior of the
X. index and Meloidogyne species [24,25].

This study is the first report of an in vitro toxicity to X. index of GEF, while the activity
of raw or formulated garlic extracts has been already documented on root–knot nematode
species. The study of Eder et al. [21] reported a strong nematicidal activity on M. incognita
second stage juveniles (J2) by solutions of a granular garlic extract formulation containing
the same technical grade material as the liquid formulation tested in our experiments. In
earlier studies, Sukul et al. [18] reported a 61% mortality of M. incognita J2, even after a
5 min exposure to a garlic ethanol extract, as well as a garlic aqueous extract which killed
100% of M. incognita J2 within 72 h [19]. Additional studies by the same authors described a
strong reduction of M. incognita egg hatching and J2 mortality by treatments with allicin, i.e.,
the precursor of polysulfides contained in the GEF tested in this study [20].

The strong in vitro activity of GEF on X. index was also confirmed in soil, as the
product was able to significantly suppress the X. index population density at a 0.5 mL L−1

concentration. This result is in good agreement with data from the in vitro assays, in
which the 0.5 mL L−1 GEF concentration was the lowest to provide a complete nematode
mortality after a 4 h exposure. The 0.5 mL L−1 rate used in the pots corresponds to a
field dosage of 0.5 L 1000 L−1 water, a dose easily appliable within the conventional
agronomical techniques. In addition, this dosage also showed a longer residual effect
compared to the other two tested dosages, as proved by the lower nematode reproduction
rate after the end of the treatments. As for the in vitro assays, this is the first report of
the suppressiveness of a garlic–derived product to the soil population density of X. index,
while previous literature data have documented a strong nematicidal activity of garlic
products in soil infested by M. incognita. In the study by Sukul et al. [18], soil treatments
with an aqueous extract of garlic effectively reduced M. incognita infestation on okra
(Abelmoschus esculentus L.). In addition, a root–dip treatment of tomato seedlings with
allicin solutions significantly reduced the penetration of tomato roots by M. incognita
J2 [20]. The granular garlic extract product recently tested by Eder et al. [21] showed
a significant suppressiveness on M. incognita infestation on potted tomato, as well as
previously ensured a satisfactory root–knot nematode control in field experiments on
various horticultural crops [22]. Inhibitory effects on soil population density of M. incognita
and other phytonematode genera (Rotylenchus spp., Pratylenchus spp., Helicotylenchus spp.
and Tylenchorhynchus spp.) were also achieved by intercropping garlic with grapevine or
vegetable crops [26,27]. However, the evaluation of the nematicidal performance of garlic
products should also take into consideration the soil composition, as movement of diallyl
disulfide can largely vary among sandy loam, fine sand or silty clay loam soil textures [28].

The mode of action of diallyl polysulfides, i.e., the main active compounds of garlic–
derived nematicides, is still unclear, though their multi–site activity should probably be
hypothesized [29]. Chatterji et al. [30] observed a DNA damage and/or cell apoptosis
following the formation of reactive oxygen species by polysulfide compounds. Due to the
metal binding capacity of diallyl polysulfides, a disturbance of metal homeostasis has been
also suggested [31]. The GEF investigated in this study did not show any phytotoxic effects
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on grapevine plants, not affecting aboveground plant biomass and even improving root
system development at the highest tested dosage. In good agreement with our results, no
side effects on tomato plants were reported also for the granular garlic extract product
tested by Eder et al. [21].

4. Materials and Methods
4.1. Nematodes

The population of X. index was collected from an infested vineyard at Noicattaro
(province of Bari, Southern Italy) and reared on potted grapevine plants arranged outdoor
under a shade. The specimens of X. index were extracted from the soil by repeated decanting
and sieving on 90 µ sieves followed by an overnight incubation in 75 µ Oostenbrink’s sieves
placed within 12 cm diameter Petri dishes filled with distilled water [32].

4.2. Bioassay In Vitro

Batches of 50 specimens at different developmental stages (juveniles and adults) of
X. index were placed in ridged 5 cm plastic Petri dishes (4 mL vol) containing 2 mL of
distilled water. The Petri dishes were then added with 2 mL of 0.0312, 0.0625, 0.125, 0.25,
0.5, 1, 2, 4 and 8 mL L−1 water solutions of a commercial nematicide (Nemguard® SC,
manufacturer: Ecospray Ltd., Suffolk, UK; distributor: CBC (Europe) S.r.l., Grassobbio
(Bergamo), IT) formulated as a suspension concentrate containing 100% garlic extract (GEF).
Therefore, the final test concentrations were 0.0156, 0.0312, 0.0625, 0.125, 0.25, 0.5, 1, 2,
and 4 mL L−1. The Petri dishes were then capped and sealed with parafilm to avoid any
dispersal of the active product volatiles (polysulphides). The X. index specimens were
exposed to each test solution for 2, 4, or 8 h. Four replicates were provided for each
concentration × exposure time combination, including dishes containing only distilled
water as a control. At the end of each exposure time, each replicate was observed under
a stereo–microscope and checked for nematode motility/immotility. The mortality of
immotile X. index specimens were microscopically assessed after their stimulation with a
drop of NaOH [33].

Nematode immotility and mortality rates were calculated by the Abbott’s formula
m = 100 × (1 − nt/nc), where m = percent immotility/mortality; nt = number of motile/viable
nematodes after the treatment; and nc = number of motile/viable nematodes in water.

The experiment was run twice, pooling data from the two experimental runs.

4.3. Experiment In Soil

The rooted grapevine cuttings (rootstock 110R) were transplanted in 2 L clay pots
filled with a sterilized sandy soil in November 2021. At the spring vegetative restart on
March 2022, each pot was inoculated with 120 mixed specimens (adults and juveniles) of
X. index. On 26 April 2022 the soil of each pot was at first moistened with 100 mL of water,
then treated with 200 mL of 0.05, 0.2 and 0.5 mL L−1 GEF solutions and finally added with
a 50 mL volume of water. These treatments were repeated after two weeks (10 May 2022).
The control was represented by nontreated soil. Seven replicates were provided for each
treatment and control. The pots were arranged on the benches of a glasshouse maintained
at a constant temperature of 25 ± 2 ◦C. The population density of X. index was monitored
on 6 June and 18 July 2022 by extracting nematodes from a 500 mL soil sample collected
from each pot, according to the same decanting and sieving extraction technique described
above [32]. After the second soil sampling, grapevine plants were uprooted and the weight
of the aerial parts and roots was recorded.

4.4. Statistical Analysis

All data were statistically analyzed by ANOVA and means were separated by the Least
Significant Difference Test (p ≤ 0.05), using the software PlotIT 3.2 (Scientific Programming
Enterprises, Haslett, MI, USA). Data from the in vitro assays were also subjected to probit
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analysis to calculate the concentrations needed to immobilize (IC50) or to kill (LC50) 50% of
the exposed X. index specimens.

5. Conclusions

The tested GEF showed a potent in vitro activity on X. index also when applied at very
low concentrations. As previously remarked, the product was also effective on X. index
when applied to soil at 0.5 mL L−1, corresponding to a 0.5 L 1000 L−1 water field rate, i.e.,
a dosage compatible with conventional agronomical techniques in vineyards. However,
additional studies should be carried out to verify the nematicidal effectiveness, technical
feasibility and potential side effects on grapevine plant health at higher dosages. Soil treat-
ments with GEF did not show negative effects on plant growth and even slightly stimulated
root growth, also ensuring a plant–safe application during the grapevine crop cycle.

The liquid formulation of GEF allows for an easy and uniform distribution in vine-
yards without interfering with grapevine cultural practices or adversely affecting other
agronomical techniques, such as green manures, biofumigation or organic amendments,
which are often suggested for preventing or reducing the diffusion of X. index but are
technically difficult to correctly apply in vineyards.

The GEF investigated in this study, as well as other garlic–derived nematicides, could
represent a useful tool for the management of X. index in both organic and integrated
viticulture, especially in consideration of the lack of synthetic or biological nematicides
registered for grapevines. In addition to the assessment of the nematicidal effectiveness
of higher dosages, synergistic effects derived from the combination of garlic products
with other nonchemical control tools, such as biocontrol agents, cover crops and organic
amendments, should be also investigated. Finally, in accordance with the literature reports,
the variability of the efficacy of garlic products in the presence of different soil textures
should be also verified.
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