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ABSTRACT

The current study was carried out to evaluate the nematicidal potential of different extracts of seeds, ripe fruit without
seeds, unripe green fruit and powdered fruit of Citrullus colocynthis against second stage juveniles of root-knot
nematodes, Meloidogyne incognita. The activities of extracts were examined in vitro and was compared with the
positive control (Furadan). This study gave an overview of nematicidal potential of C. colocynthis and showed great
activity up to 99% mortality of juveniles of M. incognita in some extracts. Ethyl acetate (EA) and Methanolic extract
(Me) of Citrulllus seed (CS) have shown 99.33 and 98.66% mortality, respectively, 92.66% mortality was obtained
from Me extracts of green fruit (CG) whereas Petroleum ether (PE) and (EA) extracts of powdered fruits were found
98.00 and 94.66% effective against M. incognita after 72 hrs of exposure. This study concludes the use of this fruit as a
potential source of bio-pesticide.

Key Word: Citrullus colocynthis; Meloidogyne incognita; Nematicidal Activity; Biopesticides; Fruit and seeds
fractions.

INTRODUCTION

Plant parasitic nematodes are among the most destructive and prevalent pests of agricultural crops which are
responsible for major economic losses of an estimated USD 118 billion in a single 5 years on agriculture and
destroying at least 12.3% of global food production annually (Ahmed et al., 2015; Hassan et al., 2013).

Among them, root-knot nematodes, Meloidogyne species are most menacing and tough to manage due to their
inhabitation in the soil and short and productive life cycle (Renco, 2013). Management of phytonematodes in field
crops has up to now been reliant on the use of nematicides which are being gradually phased out following the
awareness of the influence of these nematicides on the environment (Hague and Gowen, 1987; Akhtar and Malik,
2003). Alternative measures are now considered due to the unreliable consequences of nematicides currently in
practice, chiefly due to enhanced biodegradation and aggravation of various diseases like asthma, diabetes, leukemia
and reproductive, gastric, cardiovascular and nervous disorders etc. (Qin et al., 2004; Giannakou et al., 2005).
Persistent use of pesticides not only affects the human health but also have negative impact on biodiversity and the
food chain (Jayaraj et al., 2016). All these factors create a crucial requisite for alternative nematode control
measures that is eco-friendly substitutes to manage plant-parasitic nematode populations.

Plants have been the treasure of bioactive compounds which play crucial role in their own defense mechanism
that are used as the source of natural pesticides for centuries. Therefore, plant extract may be better substitutes of
synthetic ones. Natural plant products are at the present research focus because of their ability to produce
environmentally less harmful but efficacious chemical substances (Chitwood, 2002). Number of studies showed the
nematicidal bioactivities in extracts of different plant families against phytonematodes (Faizi et al., 2011; Leonetti et
al., 2011; Caboni et al., 2012).

Citrullus colocynthis (L.) Schrad, a member of the Cucurbitaceae family, grown as a wild perennial in desert
areas of the world including Pakistan with noteworthy potential for medicinal and nutraceutical applications along
with promising pesticidal properties tested against various economical pests (Asyaz et al., 2010; Sawaya et al.,
1983; Arivoli et al., 2012; Hamid et al., 2016; Khalid, 2015; Akpotu et al., 2017). Only few studies reported
nematicidal properties of Citrullus colocynthis and showed the promising effects against different species of
nematodes (Mohammad et al., 1981; Muniasamy et al., 2010; Rizvi and Shahina, 2014).

In the current study, we used the ripe fruit, green unripe fruits, seeds and powdered fruit of C. colocynthis for
the evaluation of their nematicidal potential against root-knot nematodes.
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MATERIALS AND METHODS

Plant material

The fresh ripe and unripe fruits of Citrullus colocynthis (L.) Schrad. were purchased in the month of March,
2016 from local market of Karachi, Pakistan and identified by plant taxonomist Dr. Anjum Parveen, Centre of Plant
Conservation, University of Karachi. A voucher specimen (PC-1899) was deposited in the herbarium of the same
department.

Chemicals
All the chemicals and solvents used were of analytical grade. Dimethyl sulfoxide was purchased from Merck
Germany.

Extraction:
Extraction of seeds

Seeds (30 g) incrusted from the pulp of the ripe fruits were ground in basal mortar and were extracted
successively with petroleum ether (PE), dichloromethane (DCM), ethyl acetate (EA), acetone (Ac) and methanol
(Me). All the extracts were evaporated at room temperature furnishing respective residues, CS-PE, CS-DCM, CS-
EA, CS-Ac and CS-Me as shown in Fig.1.
(CS= Citrullus seeds).

30 grams seeds of fresh and ripe fruit of Citrullus colocynthis
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2. Filtered

Petroleum ether extracts Marc.
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Fig.1. Successive extraction of seeds of Citrullus colocynthis at room temperature.
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Extraction of green, unripe fruit, ripe fruits without seeds and powdered fruit

Similar extraction protocol followed with green, unripe fruit (134 g) and fresh ripe, undried fruits without seeds
(410 g) which were extracted successively with PE followed by DCM, EA, Ac and Me. Powdered fruit (343 g) was
also extracted successively but DCM was skipped and extraction was done with PE, EA, Ac and Me.

Root-knot culture

Pure culture of plants Solanum melongena were maintained in micro plot of a screen house in National
Nematological Research Center, University of Karachi, Karachi, Pakistan. Egg masses were extracted from the roots
of infected plant and were incubated at 28 °C for 3 days in tap water.

Nematicidal activity

Experiments were conducted in in vitro conditions. The nematicidal potential of extracts of seeds, ripe fruits
without seeds, green fruits and powdered fruit of C. colocynthis was evaluated against freshly hatched J, stage of
root-knot nematode. Egg-masses of root-knot nematodes from the prepared culture at National Nematological
Research Centre, University of Karachi, were picked out and placed for hatching in room temperature. After 24 h,
100 freshly hatched second-stage juveniles were placed separately in different concentrations (1, 0.5 and 0.125%) of
the extracts. After different time durations (24, 48 and 72 h of intervals), the movement of the nematodes was tested
by touching them with the needle, the larval mortality was observed and counted under a stereoscopic microscope.
After 72 h of exposure, the nematodes which had shown mortality were transferred to a separate glass cavity block
having distilled H,O. Next observation was taken after 24 h for the confirmation of their mortality (Samina et al.,
2019). Conventional nematicide, “Furadan” was kept as standard applied in parallel for comparison and 1% aq.
DMSO was used as a negative control. The experiment was repeated thrice.

Statistical analysis
LDs, was calculated through probit values with the following formula:

LDs = log ™ {xm — i(Zp-0.50}

X=log ™ (log LDs, + 1.96 x i \ Zp(1-p/n)

Xm = dosage logarithm for the maximal dosage; i = the difference of dosage logarithm between two nearest groups;
p = death rate of nematodes in each group; X = 95% confidence intervals; n = number of the nematodes in each
group.

RESULTS AND DISCUSSION

Botanical nematicides are the source of alternative bio-rational and eco-safe products to toxic synthetic
nematicides. Very little work has been done to consider the potential of C. colocynthis to manage
phytonematodes. Sensitivity of nematicides varies among different species of plant-parasitic nematodes. In general,
J2s of Meloidogyne spp. shows sensitivity to plant-derived nematicides (Oka et al., 2001).

In the present study the extracts of seeds, ripe fruits, green fruits and powder of Citrullus colocynthis in
different solvents were evaluated on second stage of M. incognita under laboratory studies. Interpretation of results
of the present study clearly demonstrates the variation in effectiveness of concentrations and exposure time of
extracts on juvenile mortality. Different extracts of different parts showed great variation in their nematicidal
potential. Only few extracts showed poor response against nematodes while most of the extracts showed great
activity.

The EA and Me extract of seeds showed greatest activity of 99.33 and 98.66% at 1% concentration after 72 h.
The activity of EA extract slightly declined with decreasing concentration of the extract but still killed 86.66 and
76% juveniles while Me extract killed 80% and 60.66 at 0.5 and 0.125% concentrations, respectively after 72 h. PE,
DCM and Ac extracts of seeds showed moderate activity at 1% concentration but at lower concentration they
showed poor response against juveniles (Table 1). The seed extract was oily and viscous due to its composition
which is mainly a mixture of fatty acids (Nehdi et al., 2013); and seed oil of C. colocynthis was concluded as
potential biocide against phytonemtodes which supports our results (Tarraf et al., 2019). Along with promising
nematicidal activity, seed extracts of C. colocynhis also possess insecticidal properties (Nzelu and Okonkwo, 2016;
Akpotu et al., 2015; Dimetry et al., 2015; Dimetry et al., 2007).

The Me extract of green fruit showed highest mortality of 92.66% followed by DCM and EA extracts which
showed good activity of 85.33 % and 84.33%, respectively at 1% after 72 h and decreases with the concentration of
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extract. DCM and Me extract showed moderate activity even after 24 and 48 h at 1 and 0.5% concentrations but EA
extract showed poor response after 24 h at all concentration while after 48 h it showed moderate activity which
clearly demonstrates that the exposure time is directly proportional to the mortality of nematodes. PE extracts
showed lower activity at all concentrations even after 72 h. While Ac extract displayed worst activity against
nematodes as at 0.125% it does not killed a single nematode (Table 1).

Table 1. Mortality percentage of Meloidogyne incognita in various extracts of Citrullus colocynthis at different time

intervals.
S.NO | Sample code Conc. After 24 h After 48 h After 72 h LDs,
(%) Mean + SD Mean + SD Mean + SD After 72 h
CS: Successive extraction of seeds of ripe summer fruit

1 CS-PE 1 20.00 £ 0.81 34.66 + 2.05 46.33+1.24
0.5 8.00 £+ 1.63 15.33 £ 0.81 25.66 + 1.24 1.053

0.125 0.00 £ 0.00 6.33+0.47 18.33 £ 1.69

2 CS-DC 1 10.00 + 1.63 24.66 + 0.81 53.66 + 4.10
0.5 10.33+1.24 16.33+1.24 41.00+2.94 0.910

0.125 0.00 £ 0.00 11.33 £ 2.62 33.33 £ 2.05

3 CS-EA 1 55.00 + 1.69 86.33 + 1.24 99.33 £ 0.94
0.5 44.66 + 2.49 67.33 £ 3.77 86.66 + 1.69 0.102

0.125 31.00 + 2.86 62.33 + 2.05 76.00 £+ 0.81

4 CS-Ac 1 19.33 £ 0.47 33.00 £ 0.81 60.33 + 1.24

0.5 12.33+£0.47 29.33 £ 0.94 42.33 +2.05
0.125 03.33 £ 0.47 12.00 £ 0.81 22.00 £ 2.94 0.725

5 CS-Me 1 62.00 + 1.63 85.00 + 0.81 98.66 + 0.47

0.5 47.66 + 1.24 65.33 £ 1.94 80.00 + 1.63
0.125 32.66 + 0.47 42.00 + 1.41 60.66 * 2.05 0.098

CG: Successive extraction of green summer fruit

6 CG-PE 1 7.00+ 0.8 20.33 £ 0.47 48.00 + 0.81
0.5 4.66 + 0.47 14.66 + 0.47 34.66 + 1.24 1.226

0.125 0.00 £ 0.00 6.66 + 1.69 20.33 £ 1.24

7 CG-DC 1 44.33 £ 0.94 57.00 £ 2.16 85.33 + 2.86
0.5 31.66 + 0.47 51.66 + 1.69 65.66 + 3.29 0.130

0.125 18.00 £ 2.16 26.66 + 1.69 51.33 + 3.39

8 CG-EA 1 27.00 £ 2.16 63.33 £ 2.35 84.33 + 3.29
0.5 24.00 £ 0.81 51.00 £ 0.81 76.00 £ 2.16 0.090

0.125 15.66 £ 1.24 36.33 £ 2.51 62.33 + 2.62

9 CG-Ac 1 0.00 £ 0.00 08.00 + 2.16 22.33 £ 3.09

0.5 0.00 £ 0.00 05.00 + 0.81 14.33 £ 0.47
0.125 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 2.434

10 CG-Me 1 45.33 +1.24 72.33 £ 0.47 92.66 + 1.69

0.5 29.33 £ 0.94 51.00 £ 0.81 70.33 £ 0.47
0.125 17.00+1.41 35.33+1.24 59.33 + 1.24 0.822

CR: Successive extraction ripe summer fruit without seeds

11 CR-PE 1 10.00 £ 0.81 17.33 £ 1.69 32.33 £ 2.05
0.5 6.33+1.24 1533+ 1.24 27.66 + 1.24 1.403

0.125 0.00 £ 0.00 10.00 £ 0.81 19.66 + 0.47

12 CR-DC 1 24.00 £ 1.63 53.66 + 1.69 76.00 + 2.44
0.5 9.66 £ 0.47 35.00 £+ 5.09 53.33 £ 2.49 0.628

0.125 6.33+0.94 22.33 £ 2.05 44.66 + 3.68

13 CR-EA 1 24.66 £ 1.24 46.33+1.24 65.66 + 2.49
0.5 13.00+1.41 24.66 + 2.05 52.66 + 2.49 0.482

0.125 9.66 £ 0.47 19.66 + 1.24 36.00 + 1.63
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14 CR-Ac 1 30.33+1.24 50.66 + 0.94 70.66 + 0.47
0.5 20.00+1.41 40.33+0.94 53.33+1.24

0.125 0.00 +0.00 20.66 + 1.69 38.00 + 1.63 0.561
15 CR-Me 1 23.00+0.81 53.33+1.24 88.00 + 0.41
0.5 12.66 + 1.88 31.33+0.94 67.35+2.35

0.125 02.33+1.24 15.00 £ 1.41 40.66 + 2.86 0.478

TD: Successive extraction of powdered fruit.

TD-PE 1 50.33 + 3.39 67.33+5.55 98.00 + 2.16

16 0.5 52.00 + 4.96 74.00 + 2.16 90.66 * 3.09 0.062
0.125 49.33 + 1.69 67.00 + 2.16 92.33+2.05
TD-EA 1 49.33 +3.29 78.33+4.78 94.66 + 4.18

17 0.5 45.33 £ 0.47 73.33+4.49 86.00 + 2.16 0.084
0.125 30.00 £ 0.81 62.33 + 2.05 75.00+ 1.41
18 TD-Ac 1 9.66 + 0.57 22.33+1.52 31.66+1.15
0.5 0.00 +0.00 7.00 +£2.00 20.66 + 2.51

0.125 0.00 +0.00 0.00+0.00 10.66 + 1.15 1.885
19 TD-Me 1 14.00 £ 2.00 36.33 +0.57 63.00 + 2.00
0.5 10.66 + 0.57 20.33+1.52 50.00 + 1.73

0.125 5.33+1.52 18.66 + 1.52 40.33 £ 0.57 0.504

Positive and negative controls

20 Positive 1 100.00 + 0.00 0.00+0.00 0.00+0.00
control 0.5 98.33 + 0.47 1.66 + 0.47 0.00+0.00

(Furadan) 0.125 97.66 £ 0.94 2.33+0.94 0.00+0.00 0.056
21 Negative 1 0.00+0.00 0.00+0.00 0.00+0.00
control 0.5 0.00 £ 0.00 0.00+0.00 0.00+0.00

(DMSO,) 0.125 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 0.00

Likewise green fruit, Me extract of ripe fruit was also recognized as most nematicidal among other extracts and
showed 88% mortality followed by DCM extract which showed 76% mortality at 1% concentration after 72 h. EA
and Ac extracts showed good to moderate activity at high concentration after 72 hours while PE extract showed poor
activity over all. Nematicidal efficiency of both ripe and unripe fruit seems to be similar, no such variation in
nematicidal efficiency of any extract was observed. Other than nematodes, in various studies, pesticidal activity of
C. colocynthis fruit extracts have been evaluated against many pests like cotton leaf worm, Spodoptera littoralis;
locust, Chrotogonus Trachypterus; red spider mite, Teteanychus urticae; rice weevil, Sitophilus oryzea; maize
weevil, Sitophilus zeamais and cowpea aphid, Aphis craccivora; Bactrocera zonata and discovered excellent results
(Rawi et al., 2011; Mollashahi et al., 2017; Jeon and Lee, 2014; Torkey et al., 2009; Rehman et al., 2009).

The nematicidal activity of powdered fruit of C. colocynthis is slightly different, as the PE extracts of seeds,
ripe and unripe fruits showed least activity against juveniles but PE extract of powder showed highest activity of
98% at 1% concentration which slightly declined with the decreasing concentration showing 90.66 and 92.33% after
72 h at 0.5 and 0.125% concentrations, respectively. EA extract also showed great activity at all doses after 72
hours. But unlike fruits and seeds, Me and Ac extracts showed least activity against nematodes. Nematicidal activity
of powdered fruit is not reported yet but according to some studies, ethanol extract of C. colocynthis fruit powder
found to be effective against Tribolium castaneum and in another study, ethyl acetate extract of powdered fruit was
most effective after ethanol extract to control the cotton ballworm, Helicoverpa armigera (Gulzar et al., 2017;
Nadeem et al., 2012).

The results suggest that EA and Me extracts of seeds, DCM, EA and Me extracts of unripe fruits, all the extracts
except PE extracts of ripe fruits and PE and DCM extracts of powdered fruit have considerable potential at different
concentrations as bio-pesticide against phytoparasitic nematodes. Practically, the use of this plant is easier as it is a
wild plant which grows easily in desert and does not require much water for nourishment, so it could be easily
available resource to the poor farmers. This is the first study in which nematicidal potential of powdered fruits
extracts of C. colocynthis were evaluated and found to be efficient. From this study, it can be concluded that the use
of botanical means may serve as an alternative to the chemicals in order to bring sustainability to agriculture.
However, further studies on the chemical characterization of the extracts must be done to identify the bioactive
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compound responsible for the nematicidal potential and new ways must be assessed to introduce a new bio-rational
product for the use in integrated pest management.
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