Teopusa u nmpakTuka 60pbOBI ¢ Hapa3UTaPHBIMU OOIE3HAMU 525

DOI: 10.31016/978-5-9902341-5-4.2020.21.525-534

BJIMSAHUE RUTA GRAVEOLENS L.
HA TAJUIOBYXO HEMATO[Y (MELOIDOGYNE SPP.)

Sasanelli N. L.,

I-p C.-X. HayK, Hay4HbIII COTPYRHMUK, nicola.sasanelli@ipsp.cnr.it

Toderas I.2,
Axagemuk ASMD, iontoderas@yahoo.com

Iurcu-Straistaru E.?,

I-p C.-X. HayK, Ipod., CTapIuuii HayYHbIl COTPYAHMUK, iurcuelena@mail.ru
D’Addabbo T.1,

I-p C.-X. HayK, Hay4HbIIT COTPYAHUK, trifone.daddabbo@ipsp.cnr.it

Murynosa B. [1.3,
I-p 61O/ HayK, CTApILINiT HAYIHBII COTPYAHUK, barbarusha@rambler.ru

Konpar A. H.*,

MJIaJLINI HAYYHBI COTPYRHMUK, rijaiaglamur@yandex.ru
Andoni C.?,

MNCCNEnOBaTEIb

AHHOTAIMSA

JIBa SKCTIepUMEHTa in Vitro U IBa UCTIBITAHUST B OTKPBITOM TPYHTE OBLITN MPOBEe-
HBI C LIEJTbIO U3YYCHUSI HEMATULIMIHOTO AeWCTBUS Ruta graveolens Ha raJuioByIO He-
marony Meloidogyne incognita. B iepBOM 3KCIIEpUMEHTE in Vitro sIilIeBbIe MEIIKH
HeMaTo/lbl TOMEeIAJIM HA TPU HeJIeTU B BOAHbBIN 9KCTPAKT JIMCTHEB PACTEHUIA PYTHI.
3areMm siiilieBble MEIIKYU MOJBEPraii UHKYOAIIMOHHOMY TECTY B IMCTU/UIMPOBAH -
HOIi BoJie ellle B TeUeHUe TISITU Henellb. B Ipyrom akcriepuMeHTe in vitro siilieBbIe
Meliku M. incognita ionBeprajiu IeiCTBUIO SKCTPAaKTa PyThl B TeueHue 4, 8 u 16
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YacoB U 3aT€M MHKYOMPOBAIM B MUCTWIJIMPOBAHHOM BOJE B TEYEHNE BOCbMU He-
nenb. JlJst mepBoro U BTOPOTO 9KCIIEPUMEHTA in Vitro B KauecTBe KOHTPOJS UC-
MOJIb30BaJIM TUCTWJLIMPOBAHHYIO BOLY M BOIHBIN pacTBop (peHammudoca ¢ KOH-
LIEHTpaLKeil 5 MKT/MII ¥ TOJIbKO JUCTUJLIMPOBAHHYIO BOAY COOTBeTCTBEeHHO. O6a
TecTa Ha BbUIYIJIEHME OBbLIM MPOBeleHbl B TepMocTate npu 2512 °C. Yucno m-
YUHOK BTOPOU ctamuu (J2), TIOSBIISIIONINXCS €XeHeNeTbHO, BRIPaKald B BUIE KY-
MYJISITABHOTO MPOIIEHTAa OOIIETO COAEPXKAHUSI SIULL B Macce STl (MHKYOallMOHHbBIE
giilia + BbUTynUBIIMeCs J2). B mepBoM aKcniepuMeHTe BbUTYILIEHUE U3 SULIEBBIX
MEUIKOB, 00pabOoTaHHBIX 3KCTPAKTaAMHU PYTHl U BOOHBIM PacTBOpoM deHaMudo-
ca, 0Ka3aJoCh 3HAYUTEJIbHO HUXE, YeM B HE0OpaboTaHHOM KOHTpoJie. Bo Bropom
SKCTIEPUMEHTe in Vitro TIOTpYyXeHUe Ha § JacoB siflleBble Meliku M. incognita B
SKCTPAKT PYTHI IPUBEJIO K TOMY, YTO KOHEUHBII BBIXOA ObUT 3HAYMTETHHO HUXKE,
yeM B IUCTWIIMPOBaHHOU Bome. HemaTtuumnHblil adekT R. graveolens, ncmnoinb-
3yeMOil B Ka4ecTBe 3eJIeHOro yA00peHuUsl, TaKXkKe ObLT UCCIIEIOBaH B YCIOBUSIX OT-
KPBITOTO TPYHTA Ha pacTeHMSIX ToMarta U Tabaka B FOxHoit Utanuu B MoHTepoHU
(mpoBuHIMA Jleyue, pernoH AmyJiusi) B IeCYaHOM MOYBE C €CTECTBEHHBIM (hOHOM
M. incognita. Yyactku ¢ noGaBjieHUEM PAaCTEHUI pyThl CPAaBHUBAIU C HEOOPabo-
TaHHBIMU U 00paboTaHHBIMM (peHaMHrbocoM ydacTkamu (3 T/ra). [ToBTOpHOCTD —
YyeThIpeXKpaTHas JJ1s Kaxkaoi oopadboTku. CemeHa R. graveolens BbiceBaIu 3a 1Ba
MecsIla 10 Tocaaky TOMaToB U Tabaka. B KOHIle MoneBbIX UCIIBITAHUI ONpeaessi-
JIU YPOXXKaMHOCTh, UHAEKC TaNI00OPa30BaHUs U TJIOTHOCTh MOMYJISLIMM HEMATO
B TIOYBE, TPOBOJIMJIU CTATUCTUUYECKUIT aHaN3. BHeceHue pacteHuil R. graveolens
B TIOYBY 3HAYUTEIBHO TTOBBICWIJIO YPOKATHOCTh TOMATOB U TabaKa M YMEHBIITUIO
WHIEKC raJutoo0pa3oBaHus U TIOTHOCTD MOMYJISIIIYA HEMATOT B TIOYBE IO CpaBHe-
HUIO ¢ HEOOpabOTaHHBIMU KOHTPOJISIMU.

KimoueBbie ciioBa: pyra, nouBeHHble 100aBku, Meloidogyne incognita, deHamudoc,
60prba ¢ MapasuTUIeCKUMI HEMaToIaM1 PacTeHUH.
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Abstract

Two in vitro experiments and two open field trials were carried out to investigate
the nematicidal effect of Ruta graveolens on the root-knot nematode Meloidogyne
incognita. In the first in vitro experiment the nematode egg masses were immersed for
3 weeks in aqueous leaf extract of rue plants and then subjected to an hatching test
in distilled water for five more weeks. In the other in vitro experiment M. incognita
egg masses were exposed to the rue extract for 4, 8 and 16 hours and then incubated
in distilled water for 8 weeks. Distilled water and a 5 ug/mL an aqueous solution of
Fenamiphos or only distilled water were used as controls in the first and second in vitro
experiment, respectively. Both hatching tests were carried out in a growth cabinet at
2542 °C, providing four replicates for each treatment. In the first experiment the
hatching from the egg masses treated with rue extracts and Fenamiphos solution
resulted significantly lower than that in the untreated control. In the second in vitro
experiment, a 8-hour immersion of the egg masses in the rue extract resulted in a
final hatch significantly lower than that in distilled water. The nematicidal effect
of R. graveolens green manure was investigated in open field condition on tomato
and tobacco. Plots amended with rue plant biomass were compared with untreated
and Fenamiphos treated plots (3 t/ha). Four replications were provided for each
treatment. Crop yield, root gall index and soil nematode population density were
recorded at the end of each crop cycle. Soil incorporation with R. graveolens plant
materials significantly increased both tomato and tobacco yield and reduced root
gall index and soil nematode population density in comparison to the untreated
controls. These experiments demonstrated a high suitability of R. graveolens for the
development of new sustainable nematicidal products.
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Introduction. Yield of many vegetable and fruit crops can be heavily affected
by the infestations of root-knot nematodes (Meloidogyne spp.) (Lamberti
et al., 2001; Sasanelli et al., 2018). A satisfactory control of these pests can
be achieved by soil treatments with synthetic nematicides, especially fumi-
gants (Basile et al., 2003; Sasanelli et al., 2019). The increasing public at-
tention to health and environmental risks related to the use of chemicals is
evoking alternative control methods against nematode pests. Among these
alternatives, use of plant derived products is gaining more and more inter-
est among farmers and also scientists (Ntalli and Caboni, 2012; Renco et
al., 2014). Biocidal properties against phytoparasitic nematodes have been
documented for a wide range of plant species compounds (Gommers, 1981;
Chitwood, 2002), among which many species from Rutaceae family and
particularly for the genus Ruta (Grainge and Ahmed, 1988). The extracts
from Ruta graveolens L. have been reported for biocidal properties against
insects, soil pathogens, weeds and also plant parasitic nematodes (Sasanelli,
1992; Sasanelli and D’Addabbo, 1992; Aliotta et al., 1994; Landolt et al.,
1999; Oliva and Lahoz, 1999). Furanocoumarins, flavonoids, alkaloids and
volatile essential oils are the main active compounds detected in this spe-
cies (Kostova et al., 1999). Use of plants as green manure has been widely
investigated for its beneficial effect on the soil phisico-chemical properties
and organic matter content, whereas the phytosanitary potential of this ag-
ronomic practice was studied mainly on Brassicaceae and Leguminosae spe-
cies (D’Addabbo et al., 2004; Avato et al., 2013; 2009; Wen-Ching, 2018)
and very few on Rutaceae plants (Sasanelli and D’Addabbo, 1993). The aim
of this work was to assess the nematicidal potential of R. graveolens on the
root-knot nematode Meloidogyne incognita through both in vitro assays and
field experiments on tomato and tobacco.

Materials and methods. In vitro tests.

In both the in vitro tests rue leaf extracts were prepared by soaking 50 g of
green leaves in 200 mL of distilled water (1:4) for 24 hours, sufficient to
solubilize the active principles. Leaves were then comminuted in a blender
for 1 min (8,000 rpm) and the suspension filtered on a filter paper (Non
Waven N° 261/A). This filtrate (pH 7.3) was stored in plastic bottles in a
freezer until required, keeping only small quantities in a refrigerator (5 °C)
for the immediate use.

An Italian population of the root-knot nematode M. incognita was reared on
tomato (Solanum lycopersicum L.) cv. Roma VF for two months in a glass-
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house at 25+2°C. Batches of 25 egg masses of similar size (averaging 10,000
eggs/batch), collected from the infested tomato roots, were placed on 2 cm
diam sieves (215 pum aperture). Each sieve was put in a 3.5 cm diam Petri
dish.

In the first in vitro assay, three mL of the rue aqueous extract were then
added to each egg mass batches. After the first three weeks, the egg masses
were removed from the test solutions and the incubation continued in dis-
tilled water. In the second in vitro test, the M. incognita egg mass batches
were immersed for 4, 8 and 16 hours in the rue extract and then transferred
to distilled water. Distilled water and a 5 ug/mL solution of Fenamiphos or
only water were used as controls in the first and second experiment, respec-
tively (Greco and Thomason, 1980).

In both experiments the dishes were arranged in a complete randomized
block design with four replications per treatment and incubated in a growth
cabinet at 25+2°C. Emerged juveniles (J2) were counted at weekly intervals,
renewing the test solutions or distilled water at the same time, throughout 8
weeks (Sasanelli and Di Vito, 1991).

At the end of the two hatching tests, the egg masses were shaken for 3 min
in a 1% sodium hypochlorite aqueous solution (Hussey and Barker, 1973)
and the unhatched eggs were counted. Numbers of juveniles emerging
weekly were expressed as cumulative percent of the total initial population
(hatched + unhatched eggs). Data were arcsin square root transformed and
subjected to analysis of variance (ANOVA), comparing means by Least
Significant Difference’s Test. Nematode mortality rates were calculated
on the base of hatching results and corrected according to the Schnaider-
Orelli’s formula (1947).

Field trials.

The trials were undertaken in a sandy soil (sandy 64.4%, silt 18.7%, clay
16.9%, organic matter 0.8%, pH 7.5) naturally infested by M. incognita lo-
cated at Monteroni (Lecce province, Apulia region, Southern Italy) (40°
33’26’ N, 18° 10’ 00"’ E). In both trials soil was deeply ploughed, rotavated
and subdivided in 12 m? plots, spaced 1 m each other and distributed in
a randomized block design with four replications for each treatment. Rue
was sown in eight plots, four for each crop, and grown for two months after
plant emergence. Rue plant biomass was incorporated into the soil (6 Kg/
m?) one week before the transplant of tomato (cv. Tondino di Zagaria) or
tobacco (cv. Erzegovina 6B) seedlings. Untreated or treated with 3 t/ha of
Fenamiphos soils were used as controls.
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During the growing season tomato and tobacco plants received all the cul-
tural practices (weed, insect and pathogen control, fertilizer application and
irrigation) commonly adopted in the area.

Crop yield, root gall index and soil nematode population density were re-
corded at the end of both tomato and tobacco crop cycle. Root gall index
was estimated on each root according to a 0—>5 scale (0 no galls and 5 root
system completely deformed by large and numerous galls) (Lamberti, 1971).
Nematodes were extracted by the Coolen’s method (Coolen, 1979) from
500 mL soil sub-samples of composite samples collected from each plot.

Data were subjected to ANOVAand means compared by Duncan’s Multiple
Range Test.

All statistical analysis were performed using the PlotIT program ver.3.2
(Scientific Programming Enterprises, Haslett, MI, USA).

Results. /n vitro tests.

In the first in vitro test, the egg masses exposed to the rue extract resulted in a
total percentage hatch (0.4%) significantly lower than those immersed in the
Fenamiphos solution or distilled water (22.7 and 75.9%, respectively) (Tab.
1). Treatment of egg masses with the R. graveolens extract resulted in a sig-
nificantly higher egg mortality (99.5%) compared to Fenamiphos (70.1%).

Table 1
Effect of Ruta graveolens extract on the final hatch (8 weeks)
of egg masses of Meloidogyne incognita
Treatment % Hatch % Mortality !
Ruta graveolens 0.42 a’ A 99.5
Fenamiphos 22.7 b B 70.1
Distilled water 75.9 c C .

(untreated control)

" Per cent corrected mortality, according to the Schnaider-Orelli’s formula, in
comparison to the untreated control;

2Each value is an average of 4 replications;

3 Data flanked in each column by the same letters are not statistically different

according to Least Significant Difference’s Test (small letters for P = 0.05; capital
letters for P=0.01).

In the second in vitro test, percentage of egg mortality ranged from 4 to
41.1% after the different times of exposure to the rue extract (Tab. 2). The
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highest mortality was found for the eggs exposed to the longest exposure
time (16 hrs). The relationship between the per cent mortality of M. incog-
nita eggs (¥) and the exposure time (x) was linear (y = 2.71x — 2.2) with a
high correlation index (r = 0.98).

Table 2

Egg mortality of Meloidogyne incognita from egg masses exposed to aqueous
leaves extract of Ruta graveolens for different exposure times (4, 8 and 16 hours)

Treatment lig(rg(e)s(t;lr)e % Hatch % Mortality !
Ruta graveolens 4 69.82 bc? B 4.0
8 56.6 b AB 22.1
16 42.8 a A 41.1
Ellrilrgfegact:rrltrol) o 727 ¢ B o

"' Per cent corrected mortality, according to the Schnaider-Orelli’s formula, in
comparison to the untreated control;
2Each value is an average of 4 replications;

3 Data flanked in each column by the same letters are not statistically different
according to Least Significant Difference’s Test (small letters for P = 0.05; capital
letters for P=10.01).

These results confirm the high nematicidal activity of R. graveolens leaf ex-
tract, due to the presence of highly active compounds, such as furanocou-
marins, flavonoids, alkaloids and volatile essential oils. However, the con-
tent of these bioactive compounds can be variable among the different plant
tissues, as well as according to the crop season in which they are produced
(Waghorn and McNabb, 2003).

Field trials.

Tomato yield from plots amended with R. graveolens biomass was signifi-
cantly higher than that from the nontreated soil and not statistically dif-
ferent from the treatment with fenamiphos (Tab. 3). Soil incorporation of
rue plant biomass and treatment with fenamiphos significantly reduced gall
formation on tomato roots in comparison to the untreated control, whereas
nematode population density was significantly reduced only in soil treated
with fenamiphos (P = 0.05) (Tab. 3).

Tobacco yield was significantly higher than the untreated control only for the
treatment with Fenamiphos which, however, was not statistically different
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from the rue soil amendment (P = 0.05) (Tab. 4). Both root gall index and
soil nematode population density were significantly reduced by Fenamiphos
and rue amendment in comparison to the untreated control (Tab. 4).

Table 3

Effect of Ruta graveolens biomass incorporation into the soil on the root-knot
nematode Meloidogyne incognita on tomato (cv. Tondino di Zagaria)

Dose . Root gall index Eggs and
Treatments (t/ha) Yield (t/ha) (0-5) juveniles/mL soil
Control \ s
(untreated) - 25.4 a A 4.5 a A 19.8 a A
Ruta graveolens 60 35.3 b B 2.3 b A 122 | ab | A
Fenamiphos 0.3 40.5 [ B 2.7 b A 10.6 b A

'Each value is the average of four replications;

2 Data flanked in each column by the same letters are not statistically different
according to Duncan’s Multiple Range Test (small letters for P = 0.05; capital letters
for P=0.01).

Table 4

Effect of Ruta graveolens biomass incorporation into the soil on the root-knot
nematode Meloidogyne incognita on tobacco (cv. Erzegovina 6B)

Dose . Root gall index Eggs and
Treatments (t/ha) Vield (t/ha) (0-5) juveniles/mL soil
Control ) )
(untreated) - 14.8 a A 4.6 a A | 35.1 a A
Ruta graveolens 60 188 | ab | A 2.7 b B 5.2
Fenamiphos 0.3 207 | b A 3.8 b |AB| 5.7

' Each value is the average of four replications;

2 Data flanked in each column by the same letters are not statistically different
according to Duncan’s Multiple Range Test (small letters for P = 0.05; capital letters
for P=0.01).

Conclusion. Data from this study demonstrate a strong biocidal activity of
R. graveolens leaf extract, mainly attributable to the high content of furano-
cumarins (bergapten, isopimpinellim, psoralen and xanthotoxin) in plant
green tissues. These compounds were previously reported for antibacterial,
antiviral, insecticidal and fungicide activities and their content is influenced
by the vegetative plant stage (Wangchuk et al., 2014). Results also indicated
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the potential of R. graveolens green manure as an alternative to chemicals
for an environmentally safe phytonematode control both in organic and
conventional crops.
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