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Abstract
Background and Aims: Xiphinema index and X. diversicaudatum are nematodes that transmit the grapevine fanleaf
virus and the Arabis mosaic virus, respectively. These viruses are the two agents mainly responsible for the disease
that causes the most economic damage to grapevines worldwide. The infectious degeneration of grapevines affects
vine performance and grape composition. The control of Xiphinema populations by soil disinfection is now impossible
because of the removal from the market of the last available chemical treatments. In this study, saponins are assessed
as an alternative treatment to control nematode populations.
Methods and Results: The nematicidal effect of saponins from Gypsophila paniculata roots was tested against X. index
and X. diversicaudatum. In aqueous media, a concentration of 1 mg/mL was associated with a mortality of greater than
95% in both nematodes, while in rearing soil, 73% of X. index and 85% of X. diversicaudatum were killed by 150 μg
of saponins per gram of soil. In addition, an ecotoxicological study was undertaken on two soil bio-indicators (the
mycorrhizal fungus Glomus mosseae and soil nitrification) that revealed that they were not affected by Gy. paniculata
saponins at a nematicidal concentration. In the soil, investigation of the major Gy. paniculata root saponins revealed
that these molecules were completely degraded in the soil within 4 days.
Conclusion: We show that Gy. paniculata saponins are an efficient and environmentally friendly treatment against
two nematodes that transmit grapevine fanleaf virus.
Significance of the Study: This saponin-based alternative to chemical treatments could provide an environmen-
tally safe and efficient solution for vine growers to use against grapevine fanleaf vector nematodes.
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Introduction
The Grapevine fanleaf virus (GFLV) and the Arabis mosaic virus
(ArMV) are two widely distributed nepoviruses responsible
for a type of progressive degeneration of grapevines (Andret-
Link et al. 2004). The grape yield from infected vines may
be reduced by up to 80%, and the grape composition is
affected (Andret-Link et al. 2004). The two viruses are specifi-
cally transmitted from grapevine to grapevine by the soil-borne
ectoparasitic nematodes Xiphinema index and Xiphinema
diversicaudatum (Hewitt et al. 1958) during the feeding process
on growing roots. Both juvenile and adult nematodes can
acquire and transmit viruses to healthy grapevines (Taylor and
Brown 1997).

Because no natural viral resistance has been identified
among Vitis species, strategies to control fanleaf diseases have

focused on nematodes (Esmenjaud and Bouquet 2009). The
main strategies are the direct control of the nematode popula-
tion by cultural practices and by soil disinfection (Raski 1983,
Taylor and Brown 1997). Hence, chemical treatments based
on active substances, such as methyl bromide, fenamiphos
(Nemacur, Bayer CropScience, Monheim, Germany), aldicarb
(Temik 10G, Bayer Cropscience) or 1,3-dichloropropene (Telone
2000, Dow AgroScience S.A.S., Indianapolis, IN, USA), have
been developed to eradicate nematodes from vineyards, but
these molecules are often of limited efficiency and have acute
toxicity for the environment and the user. Therefore, their use
has been prohibited in several countries (Abawi and Widmer
2000) and more recently in Europe (European Commission
2007). Knowing the limited efficiency of the nematicides
and because of their progressive withdrawal from the market,
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alternatives to chemical treatments have been developed, such
as X. index tolerant rootstocks (Esmenjaud and Bouquet 2009).
Transgenic rootstocks expressing sequences from the coat
protein gene of GFLV (GFLV CP) have also been produced and
challenged with GFLV in naturally infected vineyards or by
grafting in controlled conditions (Vigne et al. 2004, Gambino
et al. 2010). In a 3-year field trial, a few lines of GFLV CP
transgenic rootstocks were shown to be resistant to GFLV, sug-
gesting that transgenic grapevines may be a promising approach
for the control of GFLV (Vigne et al. 2004). Jelly et al. (2012)
developed artificial microRNAs targeting the CP gene of GFLV.
They were tested in grapevine somatic embryos and could assist
the engineering of GFLV-resistant grapes in the future. Genetic
approaches, however, are still under evaluation.

Because no sustainable solutions are available today and
in spite of prophylactic approaches, the only efficient strategy
to eradicate the disease remains a prolonged fallow of ten
years, which is economically unacceptable in most vineyards
(Demangeat et al. 2005). Therefore, efforts should be made
to develop new approaches for the control of nematode
populations.

Plants are characterised by their ability to synthesise several
various secondary metabolites, such as cyanogenic glycosides,
alkaloids, fatty acids, phenolics, steroids or triterpenoids
(including saponins), which have been reported to have a
nematicidal activity (Chitwood 2002). Saponins are character-
ised by their structure, containing a triterpene or steroid
aglycone, and one or more sugar chains (Hostettmann and
Martson 1995), and are found as preformed compounds in
roots, shoots or leaves (Goodwin and Pollock 1954, VanEtten
et al. 1994). They are produced by at least 100 plant families,
and their structure and activity are variable among and within
species (Hostettmann and Martson 1995). Saponins are known
to act as pathogen inhibitors because of their ability to complex
with sterols in the plasma membrane (Bangham et al. 1962,
Armah et al. 1999, Melzig et al. 2001). In planta, they act as a
first barrier against a wide range of potential aerial and soil
pathogens (Kreuger and Potter 1994, Osbourn et al. 1994,
Papadopoulou et al. 1999, Trojanowska et al. 2001). Saponins
have been described over the years as potent molecules with
fungicidal and bactericidal effects, and with toxic activity to
cold-blooded animals (Francis et al. 2002, Güçlü-Ustündağ and
Mazza 2007). It is noteworthy that these effects depend on the
plant species, the genetic origin and the part of the plant from
which the saponins have been extracted. Many studies have
measured the effect of saponins on human health because these
molecules are used as adjuvants in vaccines or to treat infections
(Güçlü-Ustündağ and Mazza 2007); their agronomic interest
has recently been studied. Some extracts of saponins from
Quillaja saponaria or Medicago spp. have been shown to exhibit
toxic properties against Xiphinema index (San Martin and
Magunacelaya 2005, Argentieri et al. 2008, Fischer et al. 2011).
These studies point to a possible use of saponins to control
nematodes, but in most of the studies, the nematodes were
directly in contact with a saponins solution instead of a soil
sample.

Gypsophila paniculata is a dicotyledonous, herbaceous peren-
nial that originates from Eurasia and is grown from seeds
(Darwent and Coupland 1966). It produces a large amount
of saponins, representing up to 10% of the root dry mass,
which are easily extractable (Henry et al. 1989). This study
was designed to determine the efficiency of saponins from
Gy. paniculata roots in killing X. index and X. diversicaudatum, two
nematodes that transmit GFLV and ArMV, respectively. The
impact of saponins on nematode survival was measured first in

an aqueous medium with isolated nematodes and then in
nematode culture-soil supplemented with water-solubilised
saponins. In addition, ecotoxicological tests based on two soil
bio-indicators have been developed to determine if the use of a
saponins-based treatment is harmful to the soil ecosystem and
the environment. The degradation of the main Gy. paniculata
saponins was also followed in soil.

Materials and methods

Plant material
Gypsophila paniculata plants cultivated for horticulture were har-
vested in southern France. The roots were air-dried at room
temperature. Fig plants (Ficus carica L.) and raspberry plants
(Rubus idaeus L.) were produced from green cuttings in a climate
chamber in a rockwool substrate (16-h daily illumination, with
the light gradually increasing from 1200 to 3500 lux over 30
days at 26°C). The rooted green cuttings were then acclimatised
in a greenhouse in sandy soil before using within the nematode
culture.

Extraction of saponins
Dried roots were ground in a Waring blender. The powder was
submitted to a solid-liquid extraction with 10% w/w aq. ethanol
(10 L for 1 kg of dry matter) by orbital mixing in a 20-L flask for
24 h each time at 25°C on a gyratory shaker. The ethanol
combined extracts were concentrated under reduced pressure
and lyophilised.

Xiphinema index and X. diversicaudatum culture
An aviruliferous population of X. Index and of X. diversicaudatum
was reared on fig plants and on raspberry plants, respectively.
The culture of both nematodes species was kept in 10-L
containers filled with an artificial substrate composed of loess
and sand (1/3:2/3, mass : mass) in a greenhouse under con-
trolled temperature (20–25°C) and light (16 h photoperiod)
conditions.

Effect of saponins on nematodes in aqueous medium
Adult nematodes were isolated from the rearing soil by sieving,
as described by Flegg (1967). Soil samples up to 250 g were
filtered with sieves of different mesh using tap water. Xiphinema
nematodes were identified and numbered under a binocular
microscope. Lots of 30 isolated nematodes, in triplicate, were
incubated in the dark at room temperature in plastic wells filled
with 2 mL of saponins solubilised in distilled water at various
concentrations. The effect of saponins on viability was moni-
tored after 1, 2 and 3 days.

Effect of saponins on nematodes in soil
Soil samples (40 g) collected from the nematode culture were
supplemented with 3 mL solution of saponins at several con-
centrations. Each soil sample was carefully homogenised, stored
in Petri dishes and incubated under a controlled temperature
(20°C) in the dark. The soil samples were analysed after 6 hours,
or 1, 2, 3, 4 or 7 days after treatment. All nematodes were
extracted from each sample as described earlier and numbered
within lots of 50 dead and alive nematodes. The experiments
were performed in triplicate.

Impact on Glomus mosseae germination
Spores of Glomus mosseae purchased commercially (Biorhize,
Dijon, France) were placed between two nitrocellulose mem-
brane filters to form a sandwich. Each sandwich was put in a
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Petri dish between two layers of sand or a mixture of sand with
different saponins concentrations. The sand was humidified to
75% of the water-holding capacity with distilled water or a
solution of saponins. For each concentration, 30 spores were
added between the two nitrocellulose membranes, and four
replicates were used. Each Petri dish was sealed and incubated
for 14 days at 24°C in the dark. After incubation, the sand-
wiches were submerged in Trypan blue solution (0.05%) for
15 min to visualise the hyphae germination. The sandwiches
were then rinsed and dried. The number of germinated spores
was counted. The germination was validated when the length of
the hyphae was at least five times the length of the spore.

Impact on soil nitrification
The potential toxicity of saponins to the soil microflora implied
in nitrification was investigated with an international standard
laboratory procedure (ISO 14238). Autotrophic ammonium-
oxidising bacteria were exposed to a solution of saponins in a
standard soil (Lufa 2.3, Lufa Speyer, Speyer, Germany) incu-
bated in a microcosm at 20°C and humidified at 50% of
the water-holding capacity of soil. A nitrogenous substrate
(NH4)2SO4 (100 mg/kg of NH4

+) was mixed thoroughly and
homogeneously into the soil before incubation. Solutions of
saponins at different concentrations were then added to these
soil samples. The saponins-free samples served as the untreated
controls. Three replicates were prepared for each treatment and
at different times of incubation. To determine the impact of
saponins on soil nitrification, soil samples (25 g per replicate)
were analysed directly after treatment and at various times of
incubation (7, 14 or 21 days). Thus, sampling at each incubation
time allowed the evaluation of the kinetics of ammonium oxi-
dation and the production of nitrate (in mg of NO3

−/kg of soil
dry mass). Extracts of ammonium, nitrite and nitrate from the
samples of soil were obtained by shaking samples with 100-mL
potassium chloride solution (1 mol/L KCl) at 15 rpm for one
hour (HeidolphReax, Grosseron, Saint Herblain, France). The
fine particles of soil were removed from the extracts by filtration
using filter paper (12–15 μm). Particle-free extracts were stored
at (−20°C) until analysis of NH4

+, NO2
− and NO3

− (Regional
Research and Analyses Laboratory LDAR, Laon, France).

Evolution of saponins in soil
To understand how saponins evolve in soil, 40 g of the
nematicidal test soil were placed in Petri dishes, treated with
3 mL of a saponins solution and stored at 20°C. The samples
were assayed in triplicate at zero and 6 h, or at one, four and
seven days. After the addition of 10 mL of ultra high quality
water, the soil solution was transferred to Falcon tubes and
centrifuged at 4000 × g for 2 min. The supernatant was collected
and filtered with 0.45-μm filter. Each solution was then ana-
lysed by liquid chromatography–Fourier transform mass spec-
trometry (LC-FTMS).

Analysis of soil extracts treated with saponins by LC-FTMS
The LC-FTMS platform consisted of an HTC PAL autosampler
(CTC Analytics AG, Zwingen, Switzerland), an Accela ultra high
performance liquid chromatography (U-HPLC) system with
quaternary pumps and an Exactive benchtop Orbitrap mass
spectrometer equipped with a heated electrospray ionisation
(HESI) probe (both from Thermo Fisher Scientific, Bremen,
Germany). For liquid chromatography separation, a C18
column was used as the stationary phase (Hypersil Gold
2.1 mm × 100 mm, 1.9 μm particle size, Thermo Fisher Scien-
tific). The mobile phases were (i) water and (ii) acetonitrile. The

flow rate was 600 μL/min and eluent B varied as follows: 0 min,
14%; 0.5 min, 14%; 6 min, 60%; 6.1 min, 95%; 8.5 min, 95%;
8.6 min, 14%; and 10 min, 14%. The injection volume was
10 µL. Mass acquisitions were carried in negative Fourier trans-
form mass spectrometry (FTMS) ionisation mode at a unit reso-
lution of 25 000 (m/Δm, fwhm at m/z 200 Th). The sheath and
auxiliary gas flows (both nitrogen) were optimised at 75 and 15
arbitrary units, respectively. The HESI probe and capillary tem-
peratures were 320 and 350°C, respectively. The electrospray
voltage was set to 3.5 kV, the capillary voltage to 95 V, the tube
lens voltage offset to 190 V and the skimmer voltage to 46 V.
Mass spectra were recorded from 400 to 1900 Th, with an auto-
matic gain control value of 106. External mass calibration using
Pierce ESI Negative Ion Calibration solution (Thermo Fisher
Scientific) was performed before each analytical series. All data
were processed using the Qualbrowser application of Xcalibur
version 2.1 (Thermo Fisher Scientific), and the peak areas were
determined by automatic integration.

Statistical analysis
The data collected were subjected to a one-way analysis of
variance (ANOVA). The treatment means were compared using
Fisher’s least significant difference pairwise procedure at
P < 0.05.

Results

Saponins from Gy. paniculata roots affect the viability of
X. index and X. diversicaudatum in liquid medium
To evaluate the effect of saponins extracted from Gy. paniculata
on the viability of nematodes, batches of 30 X. index or 30
X. diversicaudatum were incubated in an aqueous solution of
saponins at 0, 100, 200, 300, 400, 500 or 1000 μg/mL. The
impact of the saponins treatment was visually estimated by
counting the nematodes, both live and dead. Dead nematodes
are inactive and typically comma-shaped (Taylor and Brown
1997), whereas unaffected nematodes are active and adopt
flexible shapes. After 3 days of incubation (Figure 1), a concen-
tration of saponins less than 200 μg/mL did not affect the
viability of nematodes, whereas a concentration from 200 to

Figure 1. Impact of saponins on the mortality rate of nematodes
in aqueous media. Free isolated Xiphinema diversicaudatum (◆) or
Xiphinema index ( ) were incubated in the presence of an increasing
concentration of saponins. After 72 h, live and dead nematodes were
counted and compared with the viability of nematodes incubated in
water.
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500 μg/mL exponentially increased nematode mortality, respec-
tively, from 6 to 61% for X. index and from 3 to 88% for
X. diversicaudatum. Above 500 μg/mL, the X. diversicaudatum
mortality rate reached a plateau and moved slowly to 100%.
The exponential progression of the mortality rate for X. index
was less visible, but the evolution was similar and reached
100% at 1000 μg/mL. The concentration required to kill 50% of
the nematodes, lethal dose 50% (LD50), was 350 μg/mL for
X. diversicaudatum and 450 μg/mL for X. index. These results
indicate that an extract of Gy. paniculata saponins exhibited a
lethal effect against the two virus vector species in aqueous
media.

Saponins extracted from Gy. paniculata reduce the viability
of nematodes in soil
Soil samples harbouring X. index or X. diversicaudatum were sup-
plemented with an extract of water-solubilised saponins to
achieve a concentration range of 75, 150, 225, 300 or 375 μg/g
of soil. After incubation at 20°C from 6 h to 7 days, the nema-
todes were isolated from the soil samples. The viability of nema-
todes in soil was measured as in aqueous media. As soon as 6 h
after treatment, soil samples with a saponins concentration
equal to or higher than 150 μg/g of soil showed a nematicidal
effect in a concentration-dependent manner (Figure 2). A
saponins concentration of 375 μg/g of soil was associated
with a mortality rate of 65% for X. index and 60% for
X. diversicaudatum. For both nematodes, the three highest con-
centrations (225, 300 and 375 μg/g) were associated with
the highest mortality rate only 1 day after treatment. Seven days
after treatment, the mortality rates caused by 225, 300 and
375 μg/g were, respectively, 93, 99 and 100% for X. index and
94, 97 and 97% for X. diversicaudatum. The effect of the two
lowest concentrations also reached a maximum 1 day after
treatment in X. index. No direct effect was observed on
X. diversicaudatum; the mortality rate remained constant after 3
days with a treatment of 75 μg/g and after 4 days with a treat-
ment of 150 μg/g. Seven days after treatment, saponins at 75
and 150 μg/g caused the death of 22 and 73% of the X. index
and 60 and 85% of the X. diversicaudatum populations, respec-
tively (Figure 2). The LD50, 7 days after treatment, was 55 μg/g
of soil for X. diversicaudatum and 120 μg/g for X. index. These
results suggest that X. diversicaudatum is more sensitive to the
lowest concentration than X. index. This sensitivity was also
observed in the liquid media. It was observed that at 75 and
150 μg/g, X. diversicaudatum was immobile at first glance and
moved slowly only after being touched. Such concentrations
may have affected the nematodes, which died a few days
later. For both nematodes, the optimum treatment was
150 μg/g, which killed 73% of the X. index and 85% of the
X. diversicaudatum within seven days. Such a concentration
could be used to control nematode populations.

Saponins from Gy. paniculata have a low impact on Glomus
mosseae germination
This direct acute bioassay allows the evaluation of the potential
effect of saponins on beneficial soil microorganisms that are
important for vine growth and phosphorus nutrition. Spore
germination of the mycorrhizal fungus Gl. mosseae was studied
using an international standard (ISO 10382). Saponins were
tested at a concentration of 0, 100, 200 or 300 μg/g dry mass of
substrate. The germination rate of Gl. mosseae spores in the
untreated control was 90% after 14 days of incubation in a sand
substrate (Figure 3). Even if spore germination tended to
decline with increasing saponins concentration, Gl. mosseae ger-

mination in samples treated with 100 and 200 μg/g of soil was
not significantly different from that of the control (Figure 3).
The 300 μg/g concentration inhibited germination by 33%;
however, this maximal dose to evaluate the potential toxicity of

Figure 2. Impact of soil supplemented with saponins at a concen-
tration of: 0 (□), 75 (○), 150 (△), 225 (■), 300 (●) and 375 (▲)
μg/g on the mortality rate over seven days of (a) Xiphinema index
and (b) X. diversicaudatum.

Figure 3. Germination rate of Glomus mosseae spores after 14 days
contact with between 0 and 300 μg/g saponins.
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saponins on mycorrhizal fungi was higher than the 150 μg/g
optimum nematicidal concentration. Moreover, Gl. mosseae ger-
mination was undertaken in sand, which means that the
saponins may have been less adsorbed than in the nematode
rearing soil; hence, the antifungal effect may have been max-
imised. Furthermore, all spores were intact, so the inhibition
was not due to osmoticity. Most spores counted as non-
germinated spores were in fact germinated spores with small
hyphae (length inferior to five times the length of the spore).
Thus, saponins may not prevent the germination of Gl. mosseae
spores but instead inhibit hyphae growth.

Soil nitrification is not affected by saponins extracts
Ammonium oxidation, the first step in autotrophic nitrification
in soil, is used to assess the potential activity of microbial nitri-
fying populations. These bacteria are able to transform ammo-
nium transitorily into nitrite and then to nitrate. To determine
the effect of saponins at a concentration of 0, 100, 200 or
300 μg/g of soil on the activity of nitrifying bacteria in soil using
an international standard, the rate of nitrate formation was
compared with that in the untreated control. The kinetics of
NH4

+ consumption and NO3
− production in soils mixed with

saponins were similar to those observed in the control. The
concentration of NH4

+ and NO3
− in the soil crossed at approxi-

mately 12 days for each saponins concentration (Figure 4).

Moreover, 21 days after treatment, the amount of NH4
+ and

NO3
− in saponins-treated soils was similar to that of the controls.

Saponins are quickly degraded in soil
Given the results obtained in soil, the degradation of a concen-
tration of 150 μg/g saponins was evaluated in soil.

Preliminary LC-FTMS analysis showed that the aqueous
solution of Gy. paniculata root extract contained five major
saponins. Their empirical formulae were determined following
the procedure described by Marchal et al. (2011) and are pre-
sented in Table 1. Because of the accuracy and stability of mass
measurement concomitantly with high resolution and large
dynamic range, FTMS is an efficient tool for compound quan-
tification (Bekaert et al. 2012, Kaufmann 2012). After data
acquisition in full scan mode, an extracted chromatogram was
obtained for each saponin using the calculated molecular mass
of the quasimolecular ion [M-H]- with a mass tolerance of
5 ppm. The high specificity of FTMS provided excellent signal-
to-noise ratios and allowed automatic integration of the peak
corresponding to the compound. The area of these peaks was
related to the concentration in saponins and consequently was
used to follow the evolution of saponins in soil. For each analy-
sis, three biological replicates were injected, and all the relative
standard deviations were less than 10% indicating a good
repeatability for the method. The evolution of the concentration
of each saponin in soil enabled the determination of its half-life,
i.e. the time required for half of the molecule to either be
transformed to another compound or to be leached from the
sample area. Four days after treatment, none of the saponins
were detected in the soil samples. Saponins S3 and S4 had the
shortest half-life, 12.4 and 13.1 h, respectively (Table 1). The
half-life of S2 was 26.1 h, and the two lowest molecular mass
saponins, S1 and S5, had the longest half-life of 46.9 and 60.2 h,
respectively. These half-lives indicated that the major saponins
found in Gy. paniculata root extract were quickly degraded in soil
samples.

Discussion
The GFLV and the ArMV are two widely distributed nepoviruses
responsible for the progressive degeneration of grapevines. Our
experiments show that Gy. paniculata saponins could be an envi-
ronmentally friendly and efficient treatment against the two
nematode vectors of these viruses.

The results from the aqueous media showed that
Gy. paniculata saponins exhibit a toxic effect on X. index and
X. diversicaudatum. For X. index, a concentration of Gy. paniculata
saponins above 500 μg/mL was able to kill more than 50%
of the nematode population within 72 h, and a higher con-
centration (up to 1000 μg/mL) triggered a mortality of
100%. Xiphinema diversicaudatum was sensitive to a lower
concentration; the 50% mortality index was obtained with

Figure 4. Impact of soil supplemented with an extract of saponins
at a concentration of 0 (◇), 100 (□), 200 (△) and 300 (○) μg/g on
the kinetics and on the concentration of ammonium ion (◇, □, △,
○) and nitrate ion ( , , , ).

Table 1. Characteristics of the major saponins observed in extracts of Gypsophila paniculata roots.

Compound† Retention time (min) m/z‡ Empirical formula Half-life (h)

S1 3.33 971.44933 C47H72O21 46.9 ± 2.0

S2 4.01 1673.70758 C75H118O41 26.1 ± 6.0

S3 4.22 1353.63323 C63H102O31 12.4 ± 0.5

S4 4.30 1221.59097 C58H94O27 13.1 ± 0.6

S5 4.70 955.45442 C47H72O20 60.2 ± 1.8

†For convenience, the saponins are designated S1–S5, in ascending order of their retention time. ‡Monoisotopic mass of the [M-H]− ion (in Th).
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400 μg/mL in 72 h. Recent studies using saponins from Medicago
spp. and Q. saponaria against X. index described a similar
nematicidal effect at 500 μg/mL after 48 h and at 300 μg/mL
after 24 h, respectively (Argentieri et al. 2008, Fischer et al.
2011).

Few studies have evaluated the real impact of saponin
preparations on nematodes in soil samples or in fields. Our
results revealed a lethal effect on both nematode species in
rearing-soil. A saponins-rich extract administered at 150 μg/g in
the soil raised the mortality of X. index and X. diversicaudatum by
73 and 85%, respectively. Curves for a concentration of 75 and
150 μg/g reached a plateau 1 day after treatment for X. index and
3 days after treatment for X. diversicaudatum (Figure 2), indicat-
ing that saponins might degrade quickly in the soil and have no
prolonged effect. This hypothesis is confirmed by our investiga-
tions because the major saponins found in our extract have a
half-life ranging from 12 to 60 h when homogenised within the
soil used to rear nematodes.

The environmental toxicity of Gy. paniculata saponins
towards some bio-indicators has been evaluated in this study.
The tests indicate that at suggested nematicidal concentrations,
saponins extracted from Gy. paniculata roots have no effect on
mycorrhizal fungal germination or on the activity of nitrifying
bacteria in soil. A decrease in Gl. mosseae spore germination was
only observed for a concentration of 300 μg/g saponins, which
is twice as high as the optimal nematicidal concentration. Fur-
thermore, a recent study showed that Chlorophytum borivilianum
mycorrhization led to an increase in saponins production by this
plant (Dave and Tarafdar 2011). Hence, mycorrhization and
saponins are most likely not antagonistic. On the contrary,
Levanon et al. (1982) suggested that nitrification is affected by
an alfalfa root extract containing saponins, but this result was
mostly linked to the high amount of free sugars in the root
extracts that reduced the nitrification process rather than the
viability of the nitrifying bacterial population.

The purpose of this study was to evaluate the action of
saponins from Gy. paniculata against two nematodes and on the
environment. The results show that saponins are effective
against X. index and X. diversicaudatum, and are environmentally
friendly towards two bio-indicators. Our experimental data
indicate that 150 μg of saponins/gram of soil enables the control
of approximately 75% of the nematode population present in a
soil sample. This concentration was chosen because it causes
high nematode mortality rates and its impact on the environ-
ment is limited. This dose is equivalent to 450 kg/ha. The
chemicals previously used to control nematode populations
were spread at equivalent amounts: 200 kg/ha for Temik
10G (aldicarb 10%) and 475 L/ha for Telone 2000 (1,3-
dichloropropene 1100 g/L). San Martin and Magunacelaya
(2005) experimented with saponins from Q. saponaria against
X. index in vineyards in comparison with chemicals. The amount
they applied was 16.5 kg/ha of a saponins and polyphenol
extract from Q. saponaria and 10 L/ha Nemacur (fenamiphos
400 g/L, i.e. 4 kg/ha). The concentration used by San Martin
and Magunacelaya was lower than that used in this study, but
their treatments, including the chemical treatments, were not
efficient against nematodes.

The use of nematicidal chemicals has been prohibited in
several countries because of their toxicity for the environment
and the user. Therefore, it is also important to evaluate the
toxicity of saponins towards humans and mammals. Gyp-
sophila paniculata saponins have not been tested against
mammals, but the Q. saponaria saponins LD50 for rats is
3000 mg/kg (United States Environmental Protection Agency,
Office of Pesticide Programs 2009). In comparison, the LD50 of

aldicarb, fenamiphos and 1,3-dichloropropene are 1, 2.4 and
250 mg/kg, respectively. Thus, the toxicity of saponins towards
mammals is 12–3000 times lower than the toxicity of previously
used chemicals. In addition, the major saponins from
Gy. paniculata are quickly degraded in soil because their half-life
is less than 3 days, whereas formerly used active substances
such as aldicarb have a half-life ranging from 1.5 to 2 months
depending on the soil (Jones 1987).

Saponins have already found potential application in agri-
culture as adjuvants (Chapagain and Wiesman 2006) and as
natural pesticides (Moldstim, Pavstim, Headspu, QL AgriTM).
Further experiments should be undertaken to use saponins
from Gy. paniculata against pest nematodes in vineyards. Tests
will be run in vineyard soils to determine the best concentra-
tion to control nematode populations and the best means
of application for an environmentally friendly treatment of
grapevines.
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