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ABSTRACT ARTICLE HISTORY
Current study investigated the nematicidal activity of leaf Received 31 July 2017
extracts of Conyza dioscoridis, Melia azedarach, and Moringa ~ Accepted 2 November 2017
oleifera that were prepared as silver nanoparticles (Ag-NP). KEYWORDS

The characterlsatlor? and size confirmation of the Ag-.NP Nematicide alternatives;
were done by UV-vis spectrophotometry and the scanning metal nanoparticles; Conyza
electron microscopy (SEM). The phytochemical contents of dioscoridis; Melia azedarach
crude extracts and the nano formulations were analysed

using gas chromatography-mass spectroscopy (GC-MS).

Results revealed that silver nanoparticles of C. dioscoridis

extractives had great nematicidal activity against the 2nd

stage juvenile (J2) and eggs of Meloidogyne incognita. Also,

the Ag-NP showed similar nematicidal effect to the reference

nematicide; rugby. The GC-MS analysis revealed the increase

of certain metabolites due to the formulation of the Ag-NPs.

Aromadendrene, 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-

cyclodecdiene, 6-epi-shyobunol, 4-hexylacetophenone,

B-isocomene, caryophyllene, B- and a-selinene, a-cadinol,

berkheyaradulen, and bis-(2-ethylhexyl)phthalate were

increased more than 2.5-folds in the Ag-NP compared the

extract. Therefore, the green synthesis of metal nanoparticles

might be a safe, effective and affordable nematicide

alternatives.

Key message

The extractives of Conyza dioscoridis, Melia azedarach, and Moringa oleifera were
synthesized in the silver nanoparticle (AgNPs) form.

The AgNPs showed nematicidal activity against root-knot nematode M.
incognita.

The AgNPs of C. dioscoridis exerted great potential in inhibiting both the eggs
and the 2" juvenile (J2) stages of M. incognita.
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The increased activity of the nano-formulations might be a result of the elevated
content of certain metabolites, for example, epi-shyobunol, aromdendrene, a- and
t-cadinol, caryophyllene, a-humulone, f-isocomene, and a- and -selinene.

Introduction

There are more than 4100 species of plant pathogenic nematodes that critically
damage almost all crops (Nicol et al. 2011). Annually, the estimated crop loss due
to nematodes is more than $100 billion worldwide (Khan et al. 2008). Nematode
species infect all parts of the plant; roots, bulbs, rhizomes, stems, leaves, buds,
flowers, and seeds. Specifically, the root-knot nematode (Meloidogyne spp.) is a
serious pathogen to most crops and could cause up to 64% yield reduction in
almost countries (Khan et al. 1996; Roberts et al. 2005; Sikora et al. 2007; Balbaa
2010).

Management tactics of nematodes in the field include enhanced cultural prac-
tices, cultivation of resistant cultivars, predators and parasites, allelochemicals of
cover crops, organic amendments, sanitation, solarization, and the widely used
synthetic nematicides (McSorley 2002; Browning et al. 2006; Williamson and
Kumar 2006; Khan and Kim 2007; Okada and Harada 2007; Wang et al. 2007). The
extensive use of nematicides might lead to environmental and health problems
as well as the development of nematode resistance. Therefore, it'’s important to
use alternative control strategies, which are effective, cheap, and safe to farmers,
consumers, and the environment (Fernandez et al. 2001).

One of the possible alternatives is the utilisation of plant extractives since itis a
very rich source for the development of new compounds. For example, the crude
extractives of neem (Azadirachta indica L.) (Salawu 1992), African basil (Ocimum
gratissimum) (Aralepo 1989), bitter leaf (Vernonia amygdalina L.) (Jahn 1989)
and moringa (Moringa oleifera, Lam) (Ajayi 1990; Youssef et al. 2014) have been
reported to contain nematicidal properties that inhibit egg hatchability and the
development of Meloidogyne spp. The saponins of Asparagus adscendens, Albizzia
chinensis and Acacia concinna were active against Meloidogyne incognita (Meher
et al. 1988). Thiarubrine A of Aspilia mossambicensis was very effective to con-
trol Meloidogyne javanica (Rodriguez 1988). Thymol and benzaldehyde mixture
exhibited broad-spectrum nematicidal effect against root-knot and cyst nematode
(Soler-Serratosa et al. 1996). The alkaloid 1,2-dehydropyrrolizidine had effective
nematicidal activity against Meloidogyne hapla (Thoden et al. 2009).

Moreover, the enhancement of the efficiency of plants’ natural products against
pathogens could be achieved through their formulation as nanoparticles. Nano-
formulations of secondary metabolites were reported to have increased effec-
tiveness against plant diseases with lessened side effects for human, animals,
and the environment (Abdul Hameed 2012). Silver nanoparticle formulations of
extractives (ethanol, ethyl acetate, petroleum ether, and water extracts) of Urtica
urens showed up to 11-folds increase in the nematicidal activity compared to
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their corresponding raw extractives against root-knot nematode (Nassar 2016).
Therefore, the present study was conducted to test the effectiveness of silver-bo-
tanical nanoparticles formulations as nematicide alternatives against the root-
knot nematode (M. incognita: Kofoid and White). The nano-formulations were
synthesised via the atomization of silver and extractives (ethanol, ethyl acetate,
petroleum ether, water, and essential oil) of leaves of Conyza dioscoridis, Melia
azedarach, and Moringa oleifera.

Materials and methods
Chemicals

A commercial formulation of Rugby 20% CS (Cadusafos: organophosphorodith-
ioate; an insecticide and nematicide) was used as a reference nematicide and was
purchased from Food Machinery and Chemicals (FMC) Corporation, USA. Silver
nitrate (AgNO,; 99.99%) was purchased from Sigma Aldrich chemicals. All other
reagents and solvents were HPLC-grade and were purchased from reputed local
chemical suppliers.

Plant materials

Herbal and medicinal plants: C. dioscoridis, M. azedarach, and M. oleifera were
used. The shoots were collected from Al-Bostan Region, El-Beheira Governorate.
Plants were identified and confirmed with the help of Plant Pathology Department,
Faculty of Agriculture, Damanhour University, Egypt.

Preparation of plant extractives and essential oils

Leaves were washed and air-dried at room temperature, then in an oven at 50°
C until complete dryness. Samples were ground to a fine powder and a 100 g of
each plant powder was extracted successively with 500 ml of each of petroleum
ether, ethyl acetate, and absolute ethanol till exhaustion in a Soxhlet apparatus.
Solvents in crude extracts were evaporated under reduced pressure in a rotary
evaporator (Unipan vacuum rotary evaporator type 350p, Poland) at 35° C and
stored in the refrigerator (—20° C) till been used in bioassay tests.

The preparation of aqueous extracts was done following the method of
Claudius-Cole et al. (2010). Approximately 100 g of each powder was soaked in
1000 ml distilled water for 72 h at room temperature. Slurries were heated for 1 h
over a boiling water bath. The extract was allowed to cool and filtered through
Whatman filter paper No.1 and the filtrate was used as a crude extract.

The volatile oil was obtained by steam distillation using Clevenger trap appa-
ratus (Guenther 1952). A 100-g powder of the air-dried leaves was placed in 2 L
capacity flasks with 1000 ml distilled water. The distillation continued until no
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further increase in the oil was observed (about 8 h of distillation). The essential
oil extracts were dried over anhydrous sodium sulphate, kept in tightly brown
colour bottles, and stored in a refrigerator until the use in different bioassay tests.

Synthesis of silver- nanopatrticles of plant products (Ag-NP)

Nanoparticles of silver and botanicals products (Ag-NPs) were prepared using a
modified method of Prasad and Elumalai (2011). Exactly 10 ml of plant extracts
or oil (5000 pug ml™') were mixed with 90 ml of silver nitrate (1 mM) and 10 ml
of ascorbic acid (0.1 M) as a reducing reagent and polyvinyl pyrrolidine (PVP)
as a protecting agent in a 250-ml conical flask. The mixture was warmed at 40°
C on the steam bath for 10 min and then tubes were kept in dark place for 24 h
at room temperature. The change in colour from dark brown to reddish-brown
was observed and was an indication of the formulation of the Ag-nanoparticles.
Similarly, the synthesis of Ag nanoparticles of Rugby was done by incubation of
10 ml of Rugby (20%) with 90 ml of silver nitrate (1 mM) and 10 ml ascorbic
acid (0.1 M) at 40° C for 12 h. The development of reddish-brown colour was an
indication that the Ag- Rugby nano-formulation was synthesised.

Characterisation of silver nanoparticles

The produced nanoparticles were studied by UV-vis spectroscopy. Approximately
1 ml of samples was diluted with 2 ml of double distilled water and subsequently
measured by UV-vis spectroscopy at a resolution of 1 nm. The UV-vis spectro-
metric readings were recorded from 300 to 700 nm in a Jenway spectrophotometer
(Model 6305, Bibby Scientific Limited Staffordshire, UK) (Rajesh et al. 2009).
Also, the morphology and size of the silver nanoparticles were confirmed by the
scanning electron microscopy (JEOL, JSM-5300, USA). The SEM microscopy
depends on the transmission of a beam of electrons through an ultra-thin speci-
men. As its passage through the sample, it reacts with it. Silver nanoparticles were
mounted on specimen stubs with double-sided adhesive carbon tape, coated with
Au alloy to make the surface conducting in a sputter coater (Fine Coat, Model
JEC-1100E, JOEL, USA), and examined under a Philips XL-30 SEM at 12-16 kV
with a tilt angle of 45 °.

Culture of root-knot nematode

Eggs of root-knot nematode (M. incognita) were isolated from a 60-day old culture
of inoculated eggplants (Solanum melongena L.) in the greenhouse. Root-knot
nematodes were identified using perineal patterns of adult females as well as the
morphology of second stage juveniles (Hartman and Sasser 1985; Jepson 1987).
The egg masses were obtained from the eggplant roots using sodium hypochlo-
rite 10% in sterilised distilled water (Hussey and Barker 1973) and incubated for
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48 h at room temperature at 25 + 2° C for hatching. The hatched second stage
juveniles (J2) were collected daily. Only freshly hatched J2 (collected within 48 h)
were used for bioassay experiments. The J2 and eggs of M. incognita were used
for toxicity evaluations.

Nematicidal efficacy of Ag-nanoparticle formulations against M. incognita

The nematicidal activity of extracts, volatile oil and their corresponding
Ag-nanoparticles were evaluated against egg and J2 stages of M. incognita under
laboratory conditions. Based on the results of bioassay experiments, 4 concen-
trations: 125, 250, 500 and 1000 pg/ml of each extract and its nano-formulation
were tested. Each concentration had four replicates each of about 100 eggs or
individuals of M. incognita juveniles in 5-ml screw-cap glass vials. The control
treatments were distilled water. Rugby 20% was used as reference nematicide. The
vials were incubated at 25 + 2 °C. Juvenile mortality was recorded after 48 h and
egg hatchability percentages were observed after 7 d. The laboratory assays were
conducted 4 times and the mathematical average was used to calculate the LC,
values according to Finney (1971) (Ehab Soft, LdP Line’).

Gas chromatography-mass spectrometry (GC-MS) analysis

An Agilent 6890 gas chromatography system equipped with an Agilent mass
spectrometric detector, with a direct capillary interface and fused silica capillary
column PAS-5 MS (30 mm x 0.25 um film thickness) was used. About 1 pl of
each sample was injected using helium as carrier gas (36 cm/sec) and flow 1 ml/
min. The solvent delay time was 3 min. The mass spectrophotometric detector was
operated in an electron impact ionisation mode with the energy of 70 eV and the
scanning mode from 50 to 500 mass/charge (m/z). The ion source temperature
was 230 °C and the quadruple temperature was 150 °C. The electron multiplier
voltage (EM voltage) was maintained 1250v above the auto tune. The instrument
was manually tuned using perfluorotributylamine (PFTBA). The GC temperature
programme was started at 60 °C for 3 min then elevated to 280 °C at a rate of
8 °C/min and 10 min hold at 280 °C. The m/z ratio obtained was calibrated from
the mass spectrum graph, which is the fingerprint of each molecule. Moreover,
identification of the separated peaks was done using the Wiley-9 and NIST05 mass
spectral database. Identified components in natural extractives and Ag nanopar-
ticles were compared and the folds of change were calculated.

Results
Synthesis and characterisation of silver-botanical nanoparticles

Preparation, characterisation, and applications as nematicides of Ag-nanoparticles
of natural products were studied in the laboratory. Results showed that the



Downloaded by [195.246.50.139] at 03:51 25 November 2017

6 M. A. ABBASSY ET AL.

synthesis of silver nanoparticles was rapidly achieved by reacting the petroleum
ether, ethyl acetate, ethanol, water, and essential oil extractives of C. dioscoridis,
M. azedarach, and M. oleifera with the silver mineral in the presence of reducing
and stabilising agents. The formation of the nanoparticles was confirmed using the
UV-vis spectroscopy. The UV-vis spectra of the dilute solution of Ag nano-for-
mulations showed A___peaks at about 410 + 10 nm. Additionally, the scanning
electron microscope (SEM) was employed to confirm the shape and size of the
silver nanoparticles of plant extractives. As shown in Figure 1, the SEM analysis
verified that the three plants have great capability to synthesise silver nanoparticles,
which were roughly spherical in shapes. The example pictures (Figure 1) from the
SEM illustrated that the size of nanoparticles of 30-100 nm for all tested extracts
and the reference nematicide (Ag-rugby).

Nematicidal activity of botanical extracts and their Ag-nanoparticles

The nematicidal efficacy of the isolated extractives of C. dioscoridis, M. azedarach,
and M. oleifera was screened against the ]2 of root-knot nematode (Table 1).
The reference nematicide, rugby, was the most toxic against M. incognita. The

50.46 nm
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. _—

#
c"

61.63 nm

=
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Figure 1. An example of nanoparticles of (A) water extract of C. dioscoridis, (B) M. azedarach, (C)
M. oleifera, and (D) rugby.
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Table 1. In vitro toxicity of extracts (PE; petroleum ether, EA; ethyl acetate, Et; ethanol, W; water,
and oil; essential oil) of C. dioscoridis, M. azedarach and M. oleifera against the J2 of root-knot
nematode M. incognita.

95% Confidence limits
(ug ml™")

LG, Toxicity
Treatment Extract (ug ml™") Lower Upper  Slope £SE> X2 index
Rugby - 259 19.6 31.7 2.10+0.25 0.48 100.0
C. dioscoridis PE 2229 189.8 255.9 2.33+£0.21 4.73 11.64
EA 2389 201.3 277.2 2.14+0.22 2.19 10.86
Et 252.4 211.5 294.7 2.01+0.21 5.62 10.28
w 274.6 232.6 319.2 2.05+0.21 4.57 9.45
Qil 186.0 154.4 216.4 2.28+0.22 0.38 13.95
M. azedarach PE 265.1 226.3 305.9 2.19+0.22 1.81 9.79
EA 314.2 273.5 370.3 2.09+0.21 3.21 8.13
Et 348.3 297.7 4071 2.00+0.21 3.29 7.45
W 370.1 316.7 4339 1.99+0.21 3.81 7.01
Qil 3153 269.0 367.0 2.03+0.21 2.48 8.23
M. oleifera PE 315.2 273.8 361.0 2.33+0.22 4.89 8.20
EA 360.1 3114 416.9 2.17+0.21 4.65 7.21
Et 378.7 325.7 4421 2.06+0.21 5.80 6.85
w 408.7 3521 478.4 2.07+0.21 591 6.35
Qil 347.3 2774 433.7 1.37£0.19 0.97 747

aThe median concentration that kills 50% of larvae.
bSlope + Standard Error.
Chi Square.

inhibitory effect of all extractives on nematode activity or mortality was concen-
tration dependent. The LC,, values of extracts ranged from 186 ug/ml for the
essential oil extract of C. dioscoridis to 408.7 pg/ml for the water extract of M.
oleifera. Petroleum ether (PE) and ethyl acetate (EA) extracts of all plants showed
similar nematicidal effects.

The nematicidal activity of Ag-nanoparticles of extractives (Ag-NP) of C.
dioscoridis, M. azedarach, and M. oleifera was screened against ]2 of M. incognita
(Table 2). The results revealed that the nanoformulations were more toxic than
crude extracts. The 95% confidence limits (pg/ml) of rugby overlapped with those
of the Ag nanoformulations of PE, EA, ethanol (EtOH), water (W), and essential
oil extracts of C. dioscoridis and the EtOH extract of M. azedarach, which high-
light similar nematicidal efficacy. Furthermore, the PE, EA, EtOH, and essential
oil (EO) extracts of C. dioscoridis were more effective against M. incognita com-
pared to M. oleifera, and M. azedarach but not different from the Et extract of
M. azedarach.

The results presented in Tables 3 show the nematicidal activity of crude extracts
of C. dioscoridis, M. azedarach, and M. oleifera against the eggs of M. incognita. It
was obvious that the nematicide “rugby” was more effective in reducing the hatch-
ing of root-knot nematode compared to crude extracts by 5-10 folds (Table 3). The
PE, EA, EtOH, W, and EO extracts of C. dioscoridis had significantly nematicidal
effects compared to all other extracts except for the EA extract of all tested plants.
The essential oil and PE extracts of C. dioscoridis were the most effective against
eggs of M. incognita with LC, values of 159.3 and 215.7 mg/ml, respectively.
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Table 2. In vitro toxicity of silver Nanoformulations of extractives (PE; petroleum ether, EA; ethyl
acetate, Et; ethanol, W; water, and oil; essential oil) of C. dioscoridis, M. azedarach and M. oleifera
against the J2 of root-knot nematode M. incognita.

95% Confidence limits

-1
LG, (wgml™) Toxicity
Treatment Extract (ug ml™") Lower Upper  Slope+SEP X index
Rugby - 14.3 6.9 21.6 1.34+0.21 141 100.0
C. dioscoridis PE 53.7 20.1 87.3 1.36+0.25 0.14 26.75
EA 50.8 13.7 90.1 1.09+0.23 0.23 28.30
Et 529 15.5 923 1.10+0.22 0.19 27.17
w 58.0 19.4 97.1 1.15+0.22 0.02 24.78
Qil 522 19.8 84.4 1.44+0.22 0.17 27.53
M. azedarach PE 74.5 36.1 111.2 1.35+0.22 0.66 19.29
EA 80.7 38.1 1204 1.26+0.22 0.47 17.81
Et 61.7 17.7 106.9 0.99+0.21 1.72 23.28
w 738 26.0 120.1 1.03+£0.21 1.06 19.49
Qil 71.2 24.6 116.7 1.04+0.21 0.87 20.20
M. oleifera PE 97.9 56.5 1353 1.44+0.22 2.51 14.69
EA 119.4 74.7 159.5 1.42+0.21 235 12.04
Et 127.2 80.5 168.9 1.39+0.21 1.41 11.31
w 133.0 829 177.8 1.31+0.21 1.49 10.81
Qil 111.2 68.8 149.3 1.47+0.22 0.31 12.93

aThe median concentration that kills 50% of larvae.
bSlope + Standard Error.
Chi Square.

Table 3. In vitro toxicity of extractives (PE; petroleum ether, EA; ethyl acetate, Et; ethanol, W; water,
and oil; essential oil) of C. dioscoridis, M. azedarach and M. oleifera against eggs of root-knot nem-
atode M. incognita.

95% Confidence limits

-1
LG, (ug m™) Toxicity
Treatment Extract (ug ml™") Lower Upper Slope + SEP X2 index
Rugby - 41.4 36.5 46.3 3.18+£0.29 4.66 100.0
C. dioscoridis PE 215.7 177.0 253.0 2.03+0.23 2.90 19.20
EA 263.2 225.0 302.0 2.27+0.22 334 15.73
Et 280.0 241.0 3234 2.22+0.22 434 14.75
w 296.3 254.0 3414 2.21£0.22 4.98 13.97
Qil 159.3 124.9 1913 2.01+0.22 0.61 25.99
M. azedarach PE 302.0 260.9 347.0 2.26+0.22 1.51 13.71
EA 362.2 3154 416.4 2.3+0.22 1.59 11.43
Et 400.8 351.0 460.1 2.39+0.22 1.99 10.33
w 403.5 351.7 465.7 2.29+0.22 3.93 10.26
Qil 342.4 295.9 395.6 2.1£0.21 335 12.09
M. oleifera PE 3543 309.7 405.4 2.38+0.22 5.81 11.69
EA 385.8 3358 4449 2.27+0.22 535 10.73
Et 417.6 363.3 484.0 2.25+0.22 537 10.03
w 4129 354.4 485.9 2.01£0.21 5.94 9.91
Qil 3773 291.8 494.5 1.17£0.19 0.27 10.97

aThe median concentration that inhibits 50% of egg hatchability.
bSlope + Standard Error.
Chi Square.

The nematicidal activity of the Ag-NP against the eggs of root-knot nema-
tode was reported in Table 4. Results revealed that preparation of Ag- botanical
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Table 4. In vitro toxicity of silver nano-formulations of extractives (PE; petroleum ether, EA; ethyl
acetate, Et; ethanol, W; water, and oil; essential oil) of C. dioscoridis, M. azedarach and M. oleifera
against eggs of root-knot nematode M. incognita.

95% Confidence limits

-1
LG, (ug m™) Toxicity
Treatment Extract (ug ml™") Lower Upper Slope + SEP X2 index
Rugby - 19.4 13.8 24.2 2.49+0.34 5.19 100.0
C. dioscoridis PE 95.4 60.1 126.8 1.75+0.25 0.20 20.42
EA 105.3 61.1 144.4 1.40+0.23 1.02 18.51
Et 114.6 73.0 151.8 1.52+0.22 0.11 17.00
w 134.0 923 171.5 1.59+0.22 0.04 14.54
Qil 87.5 54.7 116.3 1.90+0.22 0.59 22.27
M. azedarach PE 113.7 716 151.4 1.50+0.22 0.11 17.14
EA 155.5 1114 195.8 1.30+0.21 1.16 18.28
Et 165.0 119.7 206.7 1.55+0.21 0.18 11.80
W 169.9 122.6 2134 1.50+0.21 0.11 11.47
Qil 123.8 83.9 159.6 1.63+0.23 3.51 15.73
M. oleifera PE 1271 86.1 164.0 1.59+0.22 0.43 15.32
EA 155.5 111.4 195.8 1.56+0.21 0.26 12.52
Et 176.8 126.1 223.7 1.41+0.20 0.06 11.02
w 200.5 1529 2459 1.57+0.20 0.21 9.72
Qil 165.7 114.7 2123 1.38+£0.21 0.73 11.76

aThe median concentration that inhibits 50% of egg hatchability.
bSlope + Standard Error.
Chi Square.

nanoparticles significantly increased their nematicidal activity compared crude
extracts. The nano-formulations of PE of C. dioscoridis, M. azedarach, and M.
oleifera were highly efficient in inhibiting the egg hatchability of root-knot nem-
atode. The LC,, values were 95.4, 113.7, and 127.1 mg/ml, respectively. Also, the
Ag-essential oil nanoparticles of C. dioscoridis, M. azedarach, and M. oleifera had
more nematicidal activity compared to that of EA, EtOH, and W Ag-nanoparticles.
The results revealed that Ag-rugby and rugby were the most efficient compounds
in reducing the hatching of eggs of M. incognita with LC,, values of 19.4 and
41.4 pg/ml, respectively. It was obvious that plant extracts and their corresponding
Ag-NPs of C. dioscoridis were more effective as nematicides compared to other
extracts.

GC-MS analysis of extracts of C. dioscoridis and their Ag-nano formulations

The phytochemical contents of PE, EA, and EO extracts of C. dioscoridis were iden-
tified using the GC-MS analysis because of their high potential potency against
eggs and ]2 of M. incognita. Moreover, their nematicidal activities were comparable
to or equal to that of rugby, the reference nematicide. The chemical compounds
from the GC-MS analysis were identified with NIST and Willey database libraries
and re-confirmed by the online search on the PubChem, ChemSpider, and the
Chinese chemical online databases. Data presented in Figure 2 and Tables 5-7
clarified the compounds that were identified in the Ag-NP nano-formulations, in
the crude extract (NP), and folds of difference of compounds in Ag-NPs to the NP.
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Figure 2. An example chromatogram: gas chromatography — mass spectrometry analysis of
(A) petroleum ether extract of C. dioscoridis and (B) silver nano formulation of petroleum ether
extract.

About 83.82% of the detected compounds in the PE-Ag-NPs were reported
in Table 5. The 8S-driman-11-al (15.62%), naphthalene-hexahydro-4,7-dime-
thyl-1-(1-methylethyl) (14.09%), 2’2’-dimethyl-6’-methylene-1’-cyclohexylcar-
baldehyde (5.90%), 4-hexylacetophenone (5.26%), and elemol (3.88%) were the
major compounds detected in the Ag-NPs and not found in the NP. Also, the
major compounds reported in both Ag-NPs and NP with folds of increase in
favour to Ag-NPs were 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene
(9.60 folds), t-cadinol (5.29 folds), alloaromadendrene (3.37 folds), B-isocomene
(2.56 folds), a-selinene (2.53 folds), berkheyaradulene (1.87 folds), bicyclo[4.4.0]
dec-1-ene-2-isopropyl-5-methyl-9-methylene (1.71 folds), caryophyllene (1.70
folds), and phytol (1.65 folds).

Results in Table 6 showed the GC-MS analysis of the ethyl acetate (EA) extract
and its Ag-nanoparticle of C. dioscoridis. The major metabolites were 2-(3-bute-
nyl)cyclopentanone (11.74%), 4-hexylacetophenone (10.43%), t-cadinol (6.73%),
endo-1-bourbonanol (5.68%), spiro[1,2-dihydro-1-oxoacenaphthylene-2,7,8 -o0x-
abicyclo-[4.2.0]-octane (5.23%), elemol (3.03%), selina-4,11-diene (2.52%), and
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Table 5. Gas chromatographic-mass spectrometry (GC-MS) analysis of petroleum ether extracts
of leaves and their corresponding silver nanoparticle formulations of C. dioscoridis.

Area (%)
Chemical name Ag-NP* NP Ratio (Ag-NP:NP)
t-Cadinol 8.52 1.61 5.29
1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecdiene 6.16 0.64 9.62
Alloaromadendrene 4.05 1.20 337
Berkheyaradulene 3.70 1.98 1.87
Bicyclo[4.4.0]dec-1-ene,2-isopropyl-5-methyl-9-methylene 3.48 2.04 1.71
Caryophyllene 2.86 1.68 1.70
a-Selinene 1.62 0.64 2.53
B-Isocomene 1.79 0.70 2.56
a-Humulene 1.66 6.06 0.27
Bis(2-ethylhexyl)phthalate 0.51 2.18 0.23
Squalene 0.15 1.09 0.14
4-(2'-Ethyl-5'-phenyl-pyrrol-3'-yl) pyridine 0.26 0.96 0.27
Heptacosane 0.24 0.91 0.26
Phytol 0.66 0.40 1.65
Tetracosane 0.44 0.63 0.69
Docosane 0.19 1.38 0.14
m-Xylene 0.59 5.30 0.1
8S-Driman-11-al 15.62 - -
Naphthalene-hexahydro-4,7-dimethyl-1-(1-methylethyl) 14.09 - -
2,2'-Dimethyl-6-methylene-1'-cyclohexylcarbaldehyde 5.90 - -
4-Hexylacetophenone 5.26 - -
Elemol 3.88 - -
Naphthalene-decahydro-4a-methyl-1-methelene-7-(1-methylethe- 2.07 - -
nyl)
Naphthalene-1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-(1-meth- 147 - -
ylethenyl)
8,9-dihydrocycloheptaphenalene-6-one - 11.66 -
Hexenyl cyclopentanone - 10.35 -
Cyclohexanol-3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-meth- - 9.13 -
ylethyl)
6-Epi-shyobunol - 5.89 -
N-(6-Aminosulfonyl-2-benzothiazolyl-3-chlorobenzamide - 422 -
Alcyopterosin B - 3.98 -
Longifolenaldehyde - 2.86 -
4-(2/4,4'-trimethyl-yciclo[4.1.0]hept-2"-en-3"-yl)-3-buten-2-one - 2.66 -
3-Methyl-5-methylene-2-thiazolidinone-1-[2-pyridylethylidene] - 232 -
hydrazone
3,4-Epoxy-6-methyl-6-(3'-isopropenyl-1'-cyclopropen-1"-yl)-2-hep- - 1.30 -
tanone
2,4-Bisphenol - 1.10 -
12-Oxabicyclo[9.1.0]dodeca-3,7-diene,1,5,5,8-tetramethyl - 1.08 -
6-lsopropenyl-4,8a-dimethyl-1,2,3,5,6,8,8a-octahydro-naphtha- - 1.03 -
len-2-ol
Geranyl-a-terpinene - 1.01 -

"Ag-NP; nano-silver with natural products formulation, NP; natural products extract.

B-selinene (2.33%). The compounds that were increased in the Ag-nano formu-
lation were alloaromadendrene (6.08 folds), f-isocomene (3.27 folds), cyclohex-
anol-3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-methylethenyl) (2.93 folds),
a-cadinol (2.78 folds), berkheyaradulene (2.64 folds), a-selinene (2.60 folds),
caryophyllene (2.58 folds), and 6-epi-shyobunol (2.44 folds).

Also, the GC-MS analysis of essential oil of C. dioscoridis was pre-
sented in Table 7. Several compounds were found in great abundance in the
Ag-nanoparticles of the essential oil; dihydro-1H,5H-dipyrrolo[1,2a:1,2d]
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Table 6. Gas chromatographic-mass spectrometry (GC-MS) analysis of ethyl acetate extracts of
leaves and their corresponding silver nanoparticle formulations of C. dioscoridis.

Area (%)

Chemical name Ag-NP* NP Ratio (Ag-NP/NP)
Cyclohexanol-3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-meth- 17.42 5.94 293

ylethyl)
6-Epi-shyobunol 8.41 3.45 2.44
Berkheyaradulene 6.66 2.52 2.64
Alloaromadendrene 6.02 0.99 6.08
Caryophyllene 4.49 1.74 2.58
B-Isocomene 2.85 0.87 3.27
a-Humulene 2.27 4.20 0.54
a-Cadinol 2.25 0.81 2.78
a-Selinene 1.95 0.75 2.60
2-(3- Butenyl) cyclopentanone 11.74 - -
4-Hexylacetophenone 10.43 - -
t-Cadinol 6.73
Endo-1-bourbonanol 5.68 - -
Spiro[1,2-Dihydro-1-oxoacenaphthylene-2,7'-8"-oxabicyc- 5.23 - -

lo-[4,2.0]-octane]
Elemol 3.03 - -
Selina-4,11-diene 2.52 - -
B-Selinene 2.33 - -
Buta-1,3-diyne-1,4-bis-(2-methoxycarbonyl cyclopropyl) - 8.85 -
Hexenyl cyclopentanone 6.56
1-Butyl-1-tosyl-2-methylene cyclopropane - 4.08 -
Hexadecanoic acid - 4.08 -
1,2-Dihydro-11-B-hydroxy-a-santonin - 3.90 -
Squalene - 2.83 -
Benzene-1,3-dimethyl - 2.78 -
Benzene, 1,3-bis (1,1-dimethylethyl)-5-methyl - 2.94 -
(+-) — Alloaromadendrene2-4. a- a diol - 2.22 -
Bis-(2-ethylhexyl)-phthalate - 2.10 -
9-methoxy-11H-benzofluorene - 1.77 -
Nanocosane - 1.77 -
9,12-octadecadienoic acid - 1.73 -
1-Octadecene - 1.24 -
Phytol 1.23
Heptacosane - 1.19 -
Docosane - 1.15 -
6-Hydroxyethylbicyclo-[3.2.0]-heptan-2-one - 1.09 -

*Ag-NP; nano-silver with natural products formulation, NP; natural products extract.

pyrazine-3,5,8,10-(2H,5ah,10ah)-tetraone (15.47%), 2,2-dimethyl-2H-1-benz-
opyran-6-carboxylic acid (7.65%), and ledene (5.11%). The major compounds
that were increased in the Ag-essential oil compared to the essential oil were
6-epi-shyobunol (3.53 folds), cyclohexanol-3-ethenyl-3-methyl-2-(1-methylethe-
nyl)-6-(1-methylethenyl) (1.78 folds), and bicyclo-[4.4.0]-dec-1-ene-2-isopropyl-
5-methyl-9-methylene (1.68 folds).

Discussions

Confirmation and characterisation studies of the Ag nanoparticles were done in
previous studies using UV-spectrometry and SEM (Naheed et al. 2011; Ramteke
et al. 2013; Nassar 2016). The UV-vis spectra showed A__ peaks at about
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Table 7. Gas chromatographic-mass spectrometry (GC-MS) analysis of essential oil extract of
leaves and their corresponding silver nanoparticle formulations of C. dioscoridis.

Area (%)

Chemical name Ag-NP* NP Ratio (Ag-NP/NP)
Cyclohexanol-3-ethenyl-3-methyl-2-(1-methylethenyl)-6-(1-methy- 21.90 12.28 1.78

lethyl); syn.: Elema-1,3-dien-6 a-ol; Shyobunol
6-Epi-shyobunol 13.62 3.86 3.53
a-Cadinol 7.65 8.24 0.92
Berkheyaradulene 5.23 5.47 0.96
1-Hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene; syn.: 4.57 6.68 0.68

Germacren D-4-ol
Alloaromadendrene 3.18 5.65 0.56
t-Caryophyllene 2.92 3.82 0.76
Bicyclo-[4.4.0]-dec-1-ene-2-isopropyl-5-methyl-9-methylene 244 1.45 1.68
B-Isocomene 2.04 237 0.86
Naphthalene-decahydro-4a-methyl-1-methylene-7-(1-methyle- 1.89 2,57 0.74

thylidene); syn.: y-Selinene
a-Humulene 1.67 2.07 0.81
a-Selinene 0.64 3.75 0.17
y-Muurolene 0.32 0.41 0.78
Elemol 0.26 5.04 0.05
Dihydro 1H,5H-dipyrrolo-[1,2-a:1,2-d]-pyrazine-3,5,8,10- tetraone 15.47 - -
2,2-dimethyl-2H-1-benzopyran-6-carboxylic acid 7.65 - -
Ledene 5.11 - -
2-Cyclohexen-1ol, 2-methyl-5-(1-methylethenyl)-; syn.: cis-Carveol - 12.28 -
2-(1-Hydroxy-2-methylpropyl)-5- butylphenol - 7.76 -
Santolina triene; syn.: 3-ethenyl-2,5-dimethylhexa-1,4-diene - 3.64 -
(3S,5R)-3-(hydroxymethyl)-1,4,4,5-tetramethylcyclopentene - 1.63 -
1,5-heptadien-4-ol,3,3,6-trimethyl-2-pyrrolidinone; Isoartemisia - 1.22

ketone

"Ag-NP; nano-silver with natural products formulation, NP; natural products extract.

410 + 10 nm, the occurrence of this peak is due to the phenomenon of surface
Plasmon resonance, which occurs due to the excitation of the surface Plasmon’s
on the outer surface of the silver nanoparticles that get excited due to applied
electromagnetic field (Naheed et al. 2011). In the literature, it was reported that
the UV absorption peaks of silver nanoparticles were ranged from 410 to 450 nm
(Ramteke et al. 2013). The SEM analysis illustrated that the size of nanoparticles is
30-100 nm for all tested extracts and the reference nematicide (Ag-rugby). Similar
results of the size and shape of silver nanoparticles were reported for ethanol, ethyl
acetate, and petroleum ether extracts of Urtica urens (Nassar 2016).

The green synthesis of natural products into the Ag-nanoparticles increased the
activity up to 5 times against the J2 and 2 times against the eggs of M. incognita.
Such findings highlighted the importance of the use of natural products to be
incorporated into the nano-technology to find safe nematicide alternatives. Results
reported herein emphasised the potential application of Ag-NPs as alternatives or
synergic to synthetic nematicides. The preparation of Ag-NP of plant secondary
metabolites was reported in current study and others to be rapid, applicable in
large-scale, size and shape-controlled, and effective process and produced formu-
lations with no phytotoxic effects (Gardea-Torresdey et al. 2003; Sastry et al. 2004;
Ganesan et al. 2013). Moreover, silver nanoparticles have distinct properties such
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as being chemically stable, catalytic activity, and antimicrobial activity (Chen et
al. 2007; Li et al. 2007; Setua et al. 2007).

Results reported herein about the increased potency of the Ag-NP nanopar-
ticles compared to both the extractives and the reference nematicide highlights
the presence of certain secondary metabolites. For example, the presence of the
sesquiterpenoids: aromdendrene, cyclohexanol-3-ethenyl-3-methyl-2-(1-meth-
ylethenyl)-6-(1-methylethenyl), epi-shyobunol, B-isocomene, a- and t-cadinol,
caryophyllene, 1-hydroxy-1,7-dimethyl-4-isopropyl-2,7-cyclodecadiene, a-humu-
lone, and a- and B-selinene at great concentrations in the Ag-NP nanoparticle. It
was reported that the terpenoids and their nanoparticles had antimicrobial, anthel-
mintic, and anticancer activities (Cavar et al. 2012; Chizzola 2013; Elshamy et al.
2015). The sesquiterpenoids were found to have insecticidal effects (Ebadollahi
2013; Kreuzwieser et al. 2014; Piesik and Wenda-Piesik 2015).

Plant secondary metabolites that were identified in the current study included
hydrocarbons (terpenes and sesquiterpenes) and oxygenated compounds (alco-
hols, esters, ethers, aldehydes, ketones, lactones, phenols, and phenol ethers)
(Guenther 1972). Those component changes due to oxidation, isomerization,
cyclization, or dehydrogenation reactions because of the presence of unsaturated
chemical bonds and active groups (Jukic and Milos 2005; Scott 2005; Jha et al.
2009) and the antioxidant activity of the alkaloids, flavonoids, phenols, and tan-
nins and they possess anionic radicals that are responsible for the reduction and
stability of silver salts into metallic nanoparticles (Mukunthan and Balaji 2012;
Awwad et al. 2013). Since almost all identified metabolites in the Ag-NP nano-
particle of extractives of C. dioscoridis were alcohols, aldehydes, ketones, phenols,
unsaturated alkenes and alkynes, there was a great chance for most of the chem-
ical reactions to occur. Based on that, the increased activity of Ag-nanoparticles
might be due to chemical conversion, the presence of the silver mineral, and the
increased cellular uptake (Rahimi et al. 2016).

Therefore, the herbal plants are good sources for finding phytochemical bione-
maticides that might have a great impact in the organic agriculture systems.
Moreover, their biological activity could be increased through their preparation
in the nano-sized formulations. More importantly, more research must be con-
ducted to investigate (1) the chemical mechanism behind the increased activity
of Ag-nanoparticles compared to the plant crude extractives, (2) the kinetics
and chemical conversion of secondary metabolites in the nano-form, and (3)
the methods that might increase the stability and nematicidal activity of the
Ag-nano-formulations.

Conclusions

The plants’ secondary metabolites have been used in the formulation of nanopar-
ticles to increase their effectiveness against plant diseases. Green synthesis of silver
nanoparticles (natural biopesticides) is cost-eftective, safe, non-toxic, eco-friendly
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route of synthesis, and could be manufactured at a large scale. Extractives of
Conyza dioscoridis, Melia azedarach, and Moringa oleifera showed great capability
to be synthesised in AgNP formulations. The AgNPs showed nematicidal activity
against root-knot nematode M. incognita. Specifically, the AgNPs of C. dioscoridis
exerted great potential in inhibiting both stages; eggs and J2 of M. incognita.
The increased activity of the nano-formulations might be a result of the elevated
content of certain metabolites, for example, epi-shyobunol, aromdendrene, a-
and t-cadinol, caryophyllene, a-humulone, B-isocomene, and a- and B-selinene.
However, more studies need to be performed to isolate specific secondary metab-
olites and prepare them in the nano-form, which are safe, potent, environmentally
friendly and has low side effects to mammals.
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