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Taify grapes is one of the most important and famous summer fruit in Taif region, Saudi Arabia. Root-
knot nematodes classified as one of the most important pests that can cause serious damage to 
grapevines. There is a need to develop alternative, environmentally friendly management strategies for 
this pest. A greenhouse trial was carried out to evaluate the effect of plant extracts and 
entomopathogenic bacteria against root-knot nematode infecting Taify grapevine. Results revealed that 
neem leaves extract at the three concentrations tested significantly optimized total plant fresh and shoot 
dry weights of grapevine with increase percentage values ranged from 74.7 to 141.1 and 88.1 to 
144.8%, respectively. Grapevine plants treated with neem showed over 92.9 % nematode reduction in 
soil. The same trend was observed regarding cell-free conditioned media of entomopathogenic bacteria, 
Xenorhabdus sp. since it significantly maximized whole plant fresh weight up to 79.5% and reduced 
nematode population up to 97.1%. 
Keywords: Plant extracts, entomopathogenic bacteria, root-knot nematode, Taify grapevine. 

 
INTRODUCTION 

Globally, the grapevine (Vitis vinifera L.) is 
considered to be one of the most economically 
fruit crops. Grape is an important consumed fresh 
food containing sugar, nitrogen minerals and 
vitamins, turned out to raisins or used as raw in 
many industries. In Saudi Arabia, grape is the 
second most economically fruit and there is an 
increment in the cultivated area with grapevines 
recently. Medinah and Tabouk are the most 
cultivated locations which produce about 33.4 and 
14.9 % of the total grape production in Saudi 
Arabia, respectively (ARDA, 2006). Taif area is 
also famous of grape which is classified as one of 
the important summer fruits in this region. Plant-
parasitic nematodes predominantly found in soils 
where grapevines showed growth reduction. 
Kesba, (1999) recorded about 12.5 to 20.0% 

losses of vine growth and productivity are due to 
nematode infestation. Grapevine was estimated to 
be susceptible to several plant-parasitic 
nematodes of which root-knot nematode 
Meloidogyne spp. occupied the most eminent 
position (Lamberti, 1989). Worldwide, root-knot 
nematodes, especially Meloidogyne incognita, M. 
javanica, and M. arenaria, cause severe 
grapevine root injury in sandy soils. The use of 
nematicides for managing phytonematodes is well 
known, but the negative impact of chemical 
pesticides led investigators to discover new bio-
products less harmful to the environment. Several 
researchers directed their efforts to use non-
chemical materials as biocontrol agents or 
products against plant-parasitic nematodes. 
Therefore, plants were screened for naturally 
occurring of such components. Many compounds 
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with nematicidal activity including alkaloids, 
terpenid, phenols, thienyls, glucosinolates and 
isothiocyanates have been found in plants 
(Chitwood, 2002). Application of extracts or 
essential oils of medicinal plants have been 
recorded by many researchers (Oka et al., 2000; 
Taba et al., 2009; Nour El-Deen and Darwish, 
2011). Applying organisms antagonistic to 
nematodes or compounds produced by the 
microbes could provide additional opportunity for 
controlling root-knot nematodes on grapevines 
(Mervat et al., 2012). Entomopathogenic bacteria, 
Photorhabdus spp. and Xenorhabdus spp. have a 
symbiotic association with entomopathogenic 
nematodes of the genera Heterorhabditis and 
Steinernema, respectively (Thomas and Poinar, 
1979). Antagonism between these bacteria and 
root-knot nematodes has been achieved in vitro 
and in vivo (Jagdale et al., 2009; Nour El-Deen et 
al., 2014; Bi et al., 2018). Hu et al., (1999) stated 
that bacteria produce nematitoxic compounds 
those control many species of Meloidogyne. 
Andalo et al., (2012) documented that the 
hemolymph of infected greater wax moth with 
entomopathogenic nematodes gave 80% mortality 
rate of M. incognita. Due to the incomplete 
knowledge of biological control of root-knot 
nematode, the current study was designed to 
assess some bio-control options (plant extract and 
entomopathogenic bacteria) against M. incognita 
on grapevine. 
 
MATERIALS AND METHODS 

The greenhouse experiment was performed to 
evaluate the impact of aqueous extracts derived 
from four medicinal plants and two species of 
entomopathogenic bacteria against root-knot 
nematode, M. incognita infecting Taify grapevine. 

Plant extracts.  
Leaves of four medicinal plants i.e. neem 

(Azadirachta indica), tagetes (Tagetes erecta), 
sodom apple (Calotropis procera) and colocynth 
(Citrullus colocynthis) were randomly collected 
from plants cultivated in the experimental farm 
and gardens of Taif University. For extraction, 
leaves were washed entirely under successive tap 
water, cut into small segments, granded to a fine 
powder and then kept in airtight vials. Fifty gram 
of each homogenized leaves were extracted with 
200 ml of distilled water for 24 h. The suspension 
was filtered with Whatman No. 1 filter paper, the 
remains re-extracted for an additional 24 h, and 
similarly filtered. The two filtrates were put 
together, and concentration of the resulted extract 

was considered 25%. This solution was further 
diluted to obtain concentrations of 20, 10 and 5% 
and a volume of each was made up to 100 ml. 

Nematode inoculum.  
Nematode culture was maintained from single 

egg-mass of M. incognita on susceptible tomato 
cultivar (Super Strain B) to produce enough 
inoculum for experiment. Second-stage juveniles 
(J2s) were isolated from infected tomato roots by 
hatching (Whitehead and Hemming, 1965). 

Entomopathogenic bacteria. 
Infective dauer juveniles (IJ) of Steinernema 

feltiae and Heterorhabditis bacteriophora (Saudi 
Arabian isolates) freshly collected from Galleria 
white traps (White, 1927) were washed and 
centrifuged with sterilized tap water three times. 
Entomopathogenic bacteria were isolated from 
previous nematodes according to (Furgani, 2006) 
method. In brief, some of IJs were put in drop of 
M9 buffered suspension in a sterile slide, and then 
picked up to 5% Clorox. Two minutes later, 
juveniles were transferred to a series of sterilized 
M9 drops and finally were crushed by a sterile 
platinum wire. The drop of M9 was spread on 
NBTA indicator plate. Colonies grown on NBTA 
media were identified based on morphological 
characters of colony to be Xenorhabdus sp. and 
Photorhabdus sp. (Akhurst, 1980). Single colonies 
of each bacterium were taken from indicator 
plates to 5 ml of LB medium for culturing. The 
cultured bacteria were shaken for 24 h at room 
temperature, and then re-culturing at 25°C for 48 
h. The culture was centrifuged at 4800 rpm for 10 
min, filtered through 0.22 μm Millipore filter to 
separate the bacterial cells, resulting in a cell-free 
suspension of bacterial filtrates. 

Biassay experiment.  
Forty five old Taify grapevine cuttings were 

grown in 20-cm-d. plastic pots (one seedling/pot) 
containing steam-sterilized lomay sand soil (1:1 
v:v). Seventy five pots were inoculated with 2000 
M. incognita J2s per pot by distributing inoculum 
within two dibble holes (5-cm-deep) at the base of 
each plant 2 weeks after planting and then 
covering with soil. Ten ml extract of each 
medicinal plants at the concentrations of 20, 10 
and 5% were added to the soil surface after 2 
days of nematode inoculation. Xenorhabdus sp. 
and Photorhabdus sp. filtrates were applied at 5 
and 2.5 ml. Five untreated and uninoculated as 
well as five untreated-inoculated seedlings were 
served as control. All treatments were replicated 



Nour El-Deen  et al.,                                                       Novel bio-agents against nematode on grapevine  
 

 

                                                                         Bioscience Research, 2018 volume 15(4): 3033-3039                         3035 

 

five times. All pots were arranged in a completely 
randomized design on the glasshouse bench and 
watered regularly as needed. Forty five days later, 
plants were uprooted and root systems were freed 
from soil by gentle washing in tap water. Fresh 
weights of shoot and root as well as shoot dry 
weight were recorded. Nematodes were isolated 
from soil as described by (Goodey, 1957). Roots 
were dyed in 0.01 acid fuchsin (Bybd et al., 1983) 
for galls and egg-masses examination under 
stereomicroscope. The root gall index (RGI) and 
egg-mass index (EI) were estimated according to 
the scale of 0 to 5 (Taylor and Sasser, 1978), 
where 0= no galls or egg-masses/root system, 1= 
1-2, 2= 3-10, 3=11-30, 4=31-100 and 5=more 
than 100.  

Statistical analysis.  
The acquired data were statistically subjected 

to analyses by variance (ANOVA), Gomez and 
Gomez (1984) that followed by Duncan's multiple 
range to compare averages at P< 0.05 (Duncan, 
1955). 
 
RESULTS 

The impact of three concentrations of four 
medicinal plant extracts on the growth of 
grapevine infected with M. incognita is shown in 
Table 1. It is clear that all concentrations tested of 
four extracts significantly improved grapevine 
seedlings growth in terms of total plant fresh and 
shoot dry weights with various degrees as 
compared to control. Among tested extracts, neem 
at 20% surpassed all other treatments in 
increasing total plant fresh and shoot dry weights 
and the increment was significant with percentage 
values of 141.1 and 144.8%, respectively 
compared to nematode alone. 

Lowest concentration of neem overwhelmed 
other extracts in increasing previous plant growth 
parameters as well. However, pots receiving 
colocynth extract at 5% gave the lowest 
percentages of increment with values of 4.8 and 
10.4%, respectively, whereas sodom apple at the 
same concentration showed detectable 
enhancement, since their values averaged 16.4 
and 40%, respectively (Table 1). 

Remarkable increment was obtained from 
pots treated with tagetes extract at all 
concentrations tested. Data in Table 2 
represented the effect of four tested extracts on 
the infestation of M. incognita on grapevine. 
Likewise, the same trend was noticed among 
treatments. All extracts were highly effective for 
reducing nematode population numbers in soil 

with values ranged from 98.7 to 69.4%. Grapevine 
seedlings treated with 20, 10 and 5% 
concentrations of neem extract showed 98.7, 95.5 
and 92.9% J2s in soil reduction, respectively. 
Almost 10% fewer nematodes were recovered 
from soil treated with tagetes extract than from 
soil in control pots, whereas, about 30%were 
recovered from soil receiving colocynth extract 
(Table 2). Soil treatment with the extracts 
significantly (P< 0.05) reduced the intensity of root 
galling and numbers of egg-masses on the roots 
compared to those from the control.  

The effect of neem extract at 20% on the 
number of galls was highly significant (P<0.05) 
since the RGI was 0.6 although there was no 
significant difference between another two doses 
of neem and all concentrations of tagetes extract. 
When neem extract was added to soil at the 
concentration of 20%, females couldn't lay eggs. 
Moreover, neem reduced the number of egg- 
masses recovered from roots most effectively at 
10 and 5% (Table 2). Data presented in Table 3 
show the efficacy of two concentrations of 
entomopathogenic bacterial filtrate on the growth 
of grapevine seedlings infected with M. incognita. 
Pots received cell-free extracts of Xenorhabdus 
sp. at level of 5 ml significantly (P<0.05) 
accomplished the maximum value in whole plant 
fresh weight with increment percentage of 79.5%, 
shoot dry weight with percentage increase value 
of 101.5%. Remarkable increment in growth of 
grapevine seedlings was noticed from pots 
received Photorhabdus sp. filtrate at 5 and 2.5 ml 
with percentages increase values averaged 34.9 
and 37.3% for the former and 22.6 and 28.4% for 
the later. 
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Table 1. Growth parameters of Taify grapevine infected with Meloidogyne incognita as influenced 
by plant extracts  

Treatment 
Conc. 

% 

*Plant Growth Response 

Fresh weight 
(g) 

Total F.W. 
(g) 

Inc. 
% 

Shoot 
D.W. 
(g) 

Inc. 
% 

Shoot Root 

Azadirachta indica 

20 25.0 a 10.2 a 35.2 a 141.1 16.4 a 144.8 

10 21.2 b 9.2 b 30.4 b 108.2 15.6 b 132.8 

5 17.1bc 8.4 c 25.5 c 74.7 12.6 c 88.1 

Tagetes erecta 

20 16.8 c 7.8 c 24.6 c 68.5 12.2 cd 82.1 

10 14.2 d 6.8 d 21.0 d 43.8 10.6 de 58.2 

5 13.0 e 5.6 e 18.6 e 27.4 10.2 de 52.2 

Calotropis procera 

20 14.1 d 5.2ef 19.3 de 32.2 11.2 d 67.2 

10 12.8 e 5.6 e 18.4 e 26.0 10.0 e 49.3 

5 12.0 f 5.0 f 17.0 f 16.4 9.4 f 40.3 

Citrullus colocynthis 

20 11.6 g 5.0f 16.6 fg 13.7 8.8 g 31.3 

10 11.0 h 5.0 f 16.0 g 9.6 8.4 gh 25.4 

5 10.4 i 4.9fg 15.3 h 4.8 7.4 i 10.4 

Healthy Plants 11.0h 5.0 f 16.0 g 9.6 8.0 h 19.4 

N alone 10.2 i 4.4 g 14.6 i -- 6.7 j -- 
 
*Each figure is the average of five replicates. N= 2000 M. incognita second stage juveniles. 

 
Table 2. Effect of plant extracts on M. incognita development on Taify grapevine  

 
*Each figure is the average of five replicates. 
 

Lower fresh and shoot dry weights were 
obtained from untreated and un-inoculated 
grapevine plants with value of 9.6% (Table 3). 
Data in Table 4 summarize the impact of two 
entomopathogenic bacterial filtrates on RKN 
nematode development infecting grapevines. 
Xenorhabdus sp. and Photorhabdus sp. filtrates at 
5 and 2.5 ml/pot significantly suppressed nematode 
population in soil with reduction percentages 
values of 97.1, 93.4, 89 and 83.2%, respectively. 
There was a significant effect of all treatments on 

the galls forming and production of egg-masses 
on roots compared with control. Root gall indices 
ranged from 2 to 4, whereas, egg-mass index 
ranged from 1 to 3. 

 
 
 
 
  

 

Treatment 
Conc. 

% 
*No. of J2s in Soil 

 
Reduction 

% 

No. of 
 galls 

RGI 
No. of Egg- 

masses 
EI 

Azadirachta indica 

20 40 j 98.7 1.0 i 0.6 d 0.0 h 0.0 e 

10 140 ij 95.5 3.4 h 2.0 c 1.4 g 1.0 d 

5 220 hij 92.9 5.0 gh 2.0 c 1.8 g 1.2 cd 

Tagetes erecta 

20 250 hi 91.9 6.0 fg 2.0 c 2.4 fg 1.4 c 

10 320 ghi 89.7 6.6 fg 2.0 c 3.6 de 2.0 b 

5 400 fgh 87.1 8.0 ef 2.0 c 4.6 d 2.0 b 

Calotropis procera 

20 500 efg 83.9 10.0 de 2.2 c 3.4 ef 2.0 b 

10 560 def 81.9 11.2 d 2.8 b 4.6 d 2.0 b 

5 680 cde 78.1 13.6 c 2.8 b 6.6 c 2.0 b 

Citrullus colocynthis 

20 740 cd 76.1 13.6 c 3.0 b 7.4 c 2.0 b 

10 830 bc 73.2 14.0 c 3.0 b 7.6 c 2.0 b 

5 950 b 69.4 18.4 b 3.0 b 9.8 b 2.2 b 

N alone 3100 a -- 52.2 a 4.0 a 20.0 a 3.0 a 
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Table 3. Influence of bacterial filtrates on the growth measurements of grapevine infected with 
Meloidogyne incognita  

Treatment 
Level 

ml 

*Plant Growth Response 

Fresh weight 
(g) 

Total F.W. 
(g) 

Inc. 
% 

Shoot D.W. 
(g) 

Inc. 
% 

Shoot Root 

Xenorhabdus sp. 
5 17.8 a 8.4 a 26.2 a 79.5 13.5 a 101.5 

2.5 15.3 b 7.8 b 23.1 b 58.2 12.0 b 79.1 

Photorhabdus sp. 
5 13.2 c 6.5 c 19.7 c 34.9 9.2 c 37.3 

2.5 12.0 d 5.9 d 17.9 d 22.6 8.6 d 28.4 

Healthy Plants 11.0 e 5.0 e 16.0 e 9.6 8.0 de 19.4 

N alone 10.2 f 4.4 f 14.6 f -- 6.7 e -- 
 
*Each figure is the average of five replicates. N= 2000 M. incognita second stage juveniles. 

 

Table 4. Impact of bacterial filtrates on development of M. incognita infecting Taify  
grapevine  

 
*Each figure is the average of five replicates. 

 
DISCUSSION 

Apparently, results obtained from the study 
indicated that when three doses of plant extracts 
were applied as drenching (20, 10, 5%/seedling), 
the highest dose highly enhanced plant growth 
and significantly decreased nematode infestation. 
The nematotoxic impact of the tested extracts 
probably due to their high contents of certain 
oxygenated components that destroy the 
cytoplasmic membrane of nematode cells and 
their functional groups combined with the enzyme 
protein structure (Knoblock et al., 1989). In the 
present study, aqueous neem extract was found 
to be more nematotoxic than the other extracts 
used even at lower concentration; therefore, 
improvement of grapevine seedlings growth was 
noticed. About 70% to 100% mortality of root-knot 
nematodes was documented by using different 
neem formulations (Immaraju, 1998; Akhtar, 2000; 
Yasmin et al., 2003; Singh and Hali, 2017; Yadav 
et al., 2018). Similarly, Javed et al., (2008) 
mentioned that the nematostatic–nematocidal 
effect of neem may be attributed to certain 
ingredients in the neem crude extracts as 
azadirachtin. In contrary, Khan et al. (1974) 
recorded that the anesthetic effect of neem 

formulations could be due to releasing products 
such as ammonia, formaldehyde, phenols and 
fatty acids during their decomposition. 
Conversely, sodom apple extract provided at 10 
and 5% did reduce nematode population in soil, 
number of galls and egg-masses, although with 
negative effects on plant fitness. It might be that 
toxic glycosides released from this plant have 
nematotoxic and phytotoxic effects. These results 
agreed with the in-vitro findings of Al-Qurashi 
(2016) who reported that incubation of M. 
incognita juveniles with sodom apple extract at10 
and 5% concentrations for 72 h gave the highest 
mortality with values amounted to 100 and 98%, 
respectively. The same trend was observed in 
respect to colocynth extract, but the results 
disagree with those recorded by Nour El-Deen et 
al., (2016) who stated that colocynth extract was 
the best treatment in improving pomegranate 
growth and reducing root-knot nematode 
infestation in greenhouse experiment. In the 
present work, Xenorhabdus sp. filtrate act as 
strong nematicide and good growth stimulator for 
Taify grapevine seedlings, since it was found to 
be more effective to reduce number of nematode 
in soil, root-gall index and egg-mass index. On the 

Treatment 
Level 

ml 

*No. of J2s 
 in Soil 

Reduction 
% 

No. of  
galls 

RGI 
No. of Egg- 

masses 
EI 

Xenorhabdus sp. 
5 90 d 97.1 5.0 d 2.0 c 1.4 d 1.0 d 

2.5 205 c 93.4 6.8 cd 2.0 c 2.6 c 1.6 c 

Photorhabdus sp. 
5 340 bc 89.0 8.6 bc 2.0 c 3.6 c 2.0 bc 

2.5 520 b 83.2 11.2 b 2.6 b 5.0 b 2.2 b 

N alone 3100 a -- 52.2 a 4.0 a 20.0 a 3.0 a 
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other hand, Photorhabdus sp. filtrate lowered 
nematode infestation, but did not proportionally 
affect plant growth. Our finding supports the 
previous suggestion that the suppressive effect of 
EPB on root-knot nematodes could be due to 
allelopathic reaction produced by the symbiotic 
bacteria of EPNs which is repellent to RKNs 
(Grewal et al., 1999). This demonstration is in line 
with Kaya and Gaugler (1993) who mentioned that 
Xenorhabdus and Photorhabdus produce several 
compounds with nematicididal and antimicrobial 
activity. Several findings assured the biologically 
activity of these bacteria, since X. nematophila 
completely inhibited M. javanica egg hatching and 
eliminated the emergence of J2 (Samaliev et al., 
2000). Similar results have been recorded with the 
larvae of M. incognita, when exposed to distilled 
water containing suspension of the bacteria X. 
szentirmaii (Nour El-Deen et al., 2014). 
Nematicidal effect of Xenorhabdus sp. and 
Photorhabdus sp. on M. incognita infecting 
pomegranate in greenhouse was also reported 
(Nour El-Deen et al., 2016).  
 
CONCLUSION 

Our results suggest that nematicidal 
properties of plant extracts and entomopathogenic 
bacteria applications might be a useful weapon 
against plant-parasitic nematodes. Based on our 
results it was clear that neem extract and 
Xenorhabdus sp. filtrate is likely to manage root-
knot nematode since it can improve Taify 
grapevine growth and reduce nematode 
development. 
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