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ABSTRACT

The efficacy of Agrein, Bioarc, Bionema, Biozeid, Micronema and two entomopathogenic nematodes (EPNSs),
Steinernema carpocapsae (All), Heterorhabditis bacteriophora (B20) as biological control agents of Meloidogyne incognita and
Rotylenchulus reniformis nematodes infecting papaya, Carica papaya L. were evaluated under greenhouse conditions. All the
tested bionematicide and (EPNSs) significantly reduced in the numbers of nematodes in soil, galls formation, eggmasses and eggs
per eggmass than those in the untreated (check) and improved plant growthparameters. The highly significant increase in weights
of both shoot and root of plant grown in soil treated with Agrein and Steinernema carpocapsae. This research may contribute in
the novel direction of using bionematicide and entomopathogenic nematodes (EPNSs) a biological agent against plant parasitic

nematode.
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INTERDICTION

Papaya, Carica papaya L. is one of the major
fruit crops cultivated in tropical and sub-tropical zones
due to its fast growth, high yield, long fruiting period
and high nutrient value as well (Teixeira da Silva et al.,
2007).

In Egypt papaya cultivation is lately spreaded in
old land of Nile Delta governorates i.e. Sharkeya,
Quliobia and Giza and new reclaimed lands at
Noubareia.

Two nematode species, Meloidogyne incognita
and Rotylenculus reniformis infecting papaya and
reduced growth and production (El-Borai and Duncan
2005 and Kesba et al., 2012). Bacterial isolated of
Bacillus subtilis, B. thuringiensisand Pseudomonas
aeruginosa were found to reduce the number of galls,
eggmasses and population of Meloidogyne species
infecting the economic crops. Eggs of Meloidogyne spp.
were penetrated and parasitized by few hypha of
Trichoderma harzianum, T. viride, T. megatrium
(Kavitha et al., 2007; Al-shalaby & Sedik, 2008 and
Huang et al., 2009).

Entomopathogenic nematodes (EPNs) in the
families Steinernematidae and Heterorhabditidae are
found in many region throughout the world including
Egypt (Shamseldean and Abd-Elgawad, 1994). Limited
nematicide availability and high costs of nematicides
development have created a need to discover alternative
methods for controlling plant-parasitic nematodes.
Other studies have shown that EPN and their associated
bacteria possibly may interfere with the infection and
reproduction of some PPN (Grewal et al., 1997). Some
nematologists are interested in determining this
interaction between EPN and PPN were first shown by
Bird and Bird (1986), who showed that a reduction of
the infection of M. javanicain tomato plants was caused
by Steinernema glaseri (Steiner) application in
greenhouse pot tests. The present study was to evaluate
the efficacy of some bionematicide and the EPN in the
infection of M. incognita and R. reniformis under
papaya plants in the greenhouse condition.

MATERIALS AND METHODS

Nematode species stock cultures:

Pure culture of root-knot, Meloidogyne incognita
and reniform, R. reniformis nematodes were obtained
from isolates belonging to the Nematology Research
Center (NRC), Faculty of Agriculture, Cairo University
and propagated separately on eggplant Nematodes were
extracted from soil by sieving and modified Baermann
technique (Goodey, 1957).

Entomopathogenic nematode :

Two species of Heterorhabditis bacteriophora
(B20) and Steinernema carpocapsae (All) were used.
The entomopathogenic nematodes population used in
this research originated from Plant Protection Research
Inst. Agricultural Research Centre (ARC) Dokki, Giza.,
Egypt, where greater wax moth Galleria mellonella was
used as host insect to invivo culture; to be used in this
work as the biological agent.

Bionematicides:

Five bionematicides used in this study were
obtained from Organic Company and apply on papaya
plants.

Greenhouse experiment:

One month old seedlings of papaya Carica
papaya L. with uniform size were grown singly in 20
cm diam pots filled with steam-sterilized sandy loam
soil (1.1, V:V) separately. Two weeks later, seedlings
were separately inoculated with 2000 infective
stages/plant of either M. incognita or R. reniformis by
bouring the nemateode suspension into 4 holes in the
soil around the root system of each seedlings. After
inoculation the holes were closed by pressing the soil
watered. The bionematicides Agrein (Bacillus subtilis),
Bioarc (Bacillus thuringiensis), Biozeid (Trichoderma
megatrium) at concentration 5g/pot and Bionema
(Bacillus megaterium) and Micronema (Pseudomonas
spp + Bacillus spp.) at concentration 500ml./L.water/pot
in simultaneously inoculation. Inoculum level was
determined according to the design of each experiment
during the course of this investigation which was done
in the greenhouse of the department mentioned above as
follows:
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1-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita.

2-Three papaya seedlings inoculated with 2000
infective stages of R. reniformis.

3-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita or R. reniformis +
Bioarc 5g/pot.

4-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita or R. reniformis +
Agrein 5g/pot.

5-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita or R. reniformis +
Bionema 5ml/pot.

6-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita or R. reniformis +
Biozeid 5g/pot.

7-Three papaya seedlings inoculated with 2000
infective juveniles of M. incognita or R. reniformis +
Micronema 5ml/pot.

8-Three papaya seedlings inoculated with 2000

infective juveniles of M. incognita or R. reniformis +
4000 infective juveniles Steinernema carpocapsae.
9-Three papaya seedlings inoculated with 2000

infective juveniles of M. incognita or R. reniformis +
4000 infective juveniles of Heterorhabditis
bacteriophora (B20).
Pots were randomly arranged on a greenhouse
bench at 27+4°C. Plants were watered regularly and
treated horticulturally as recommended. After 45 days

from nematode juveniles inoculation, plants were
harvested infected plant roots were examined uprooted
and washed with tap water and the number of galls,
nematode developmental stages, egg-masses in roots
were estimated after staining by lactic acid fuchsin
(Byrd et al. 1983) recorded. Rate of nematode build-up
were then calculated. Data of shoot and roots length as
well well as fresh weight were recroded and regarded as
plant growth criteria. Data analyzed by means of
Duncan'smultiple-range test (Duncan,1955).

RESULTS AND DISCUSSION

Data in Table (1) revealed that the experiments
succeeded in reducing number of the nematode
juveniles in soil, numbers of galls, egg masses in root of
papaya. Use of Steinernema carpocapsae (All) at 4000
Infective Juveniles (1Js)/pot recorded a 50% reduction
in number of egg/eggmasses M. incognita treatment of
4000 WJs/pot Heterorhabditis bacteriophora (B20)
caused 62% reduction egg of eggmasses. The high
percentage of reduction of eggs/eggmass 70% for
Agrein with dose 5g/pot followed by Micronema
5ml/pot recorded 67%. Entomopathogenic nematodes,
Steinernema and Heterorhabditis were present around
the roots of papaya seedlings and produced toxic agents
to plant-parasitic nematodes causing a boundary area of
protection around plant roots against the infection by
infective juveniles of plant parasitic nematode.

Table 1. Effect of certain commercial bionematicides and entomopathogenic nematode against Meloidogyne
incognita infecting papaya plant under greenhouse condition at (27 4 °C).

No.of  No. of Nematode counts Rate of nematode No. of Reduction

Treatments nematodes galls/root No. of egg Final population  reproduction eggs/ Py

in soil/pot system masses/root (Pf) (Pf/PI) Egg mass 0
Bioarc 5g/pot 3625 bc  146n 63 fg 3834 192 449 ab 43
Agrein5g/pot 2452 jk 345 bc 140 b 2937 1.45 230 jk 70
Bionema 5ml/pot 3466 cd 277 de 82 ef 3825 191 364 de 51
Biozeid 5g/pot 2048 fg 225gh 127 bc 3279 164 468 ab 40
Micronema 5ml/pot 2612 hi 274 de 57 hi 2943 1.47 261 ij 67
Steinernema carpocapsae(All) . .
40001J/pot 3937 b 203 jk 62 gh 4202 2.10 390 jj 50
Heterorhabditis bacteriophora . e
(B20). 40001/pot 2792 hi 290 cd 70 ef 3152 1.58 301 ij 62
Control plants (M. incognita) only 4545 a 479 a 223 a 5247 2.62 783 ab

Valuesin a column followed by the same letter(s) are not significantly different at (P<0.05) according to Duncan’s multiple-range test.

N alone=2000J, M. incognita
*Reduction % = N. control — N. treatment x 100
N. control
**Reproduction Factor (RF) = Pf
Pi

In Table 2 showed increase on length and fresh
weight of both shootand roots of papaya plants infected
with root-knot nematode improved the plant growth as
compared to untreated plants. The highest shoot length
of Agrein 5g/pot 70% followed by micronema and
Heterorhabditis bacteriophora (B20). The least
treatment increase of length and fresh weight of shoot
and roots was recorded for the papaya plant treated with
Bioarc (43%, 29%, 50% and 9%).

Data in Table (3) indicated that all tested
bioagents reduced number of nematode juveniles in soil,

galls for R. reniformis nematodes on root system as
compared to those of the control treatment. It is
interesting to observe that Agrein treatment
accomplished the highest reduction percentage value of
73%. Whereas, Micronema and Bioarc gave values of
65% and 58% respectively. However,
entomopathogenic nematodes (EPNS), S. carpocapsae
(AN, H. bacteriophora (B20) recorded (39% and 40%
respectively).
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Table 2. Effect of certain commercial bionematicides and entomopathogenic nematodes against Meloidogyne
incognita infecting papaya plant on growth parameters under greenhouse condition at (27 + 4 °C).

Shoot Root

Treatments o i x ) Root . )

Length Increase% Weight * Increase% Tength Tncrease % Weight * Increase %
Bioarc 5g/pot 40 be 43 11.1de 29 30 be 50 8.1fg 9
Agrein5g/pot 44.8 bed 60 13.5ab 57 48.8 a 144 116a 57
Bionema 5ml/pot 50 be 79 14.5ab 69 23.4 ef 17 9.4 bc 27
Biozeid 5g/pot 38.3cd 37 11.0 de 28 30.6 bc 53 10.3 ab 39
Micronema 5ml/pot 28.8 cd 2.85 10.9 def 27 26.3de 315 8.1fg 9
Steinernema carpocapsae(All) 6la 1179 112cd 30 304bc 52  107ab 45
40001J/pot
Heterorhabditis bacteriophora
(B20). 400013/pot 38.4cd 37 12.ab 42 26.0 de 3 10.1 abc 36
Control plants 28e 8.6f . 200 7.4h

(M. incognita) only
Valuesina column followed by the same letter(s) are not significantly different at (P<0.05) according to Duncan’s multiple-range test.
* Increase =treatment - control (n alone) x 100

N alone

Table 3. Effect of certain commercial bionematicides and entomopathogenic nematode against Rotylenchulus
reniformis infecting papaya plant under greenhouse condition at (27 £ 4 °C).

No. of No. of Nematode counts Rate of No. of *
Treatments nem_atodes galls  No. of egg Flnal. nematoqle eggs/ Reduction
in froot  masses population reproduction Egg %
soil/pot  system /root (Pf) (Pf/PI) mass
Bioarc 5g/pot 3400cd 163 mn 48 ij 3611 fg 1.8 328 fg 58
Agrein5g/pot 2212 jk 148 mn 91 de 2451 k 1.2 211k 73
Bionema 5ml/pot 3360cd 220 hi 64 fg 3644 de 1.8 339 ef 56
Biozeid 5g/pot 3015ef 191im T7ef 3283 ef 1.6 465 ab 40
Micronema 5ml/pot 2672 hi 324 bc 59 hi 3055 fg 15 270 hi 65
Steinernema carpocapsae(All) 323440 269de 69 ef 3572 cd 18 473ab 39
40001J/pot
Heterorhabditis bacteriophora .
(B20). 400013/pot 2716 hi 272 de 67 fg 3055 fg 15 465 ab 40
Control plants (R. veniformis) 4555 4768 220a 5250 26 779 ab

only
Valuesin a column followed by the same letter(s) are not significantly different at (P<0.05) according to Duncan’s multiple-range test.
**Rate of reproduction = Final population (Pf)
Initial population (Pi)
Pi=2000 infective stages of R. reniformis

In Table (4) reveal influences of the treatments (60% and 58% respectively of Agrein). The second
with studied bioagents on growth parameters of papaya increased in fresh weight for shoot and root recorded for
plants infected with R. reniformis , it was found that bionematicide Micronema at 37% and 56%.
they almost increased total length of shoot and root

Table 4. Effect of certain commercial bionematicides and entomopathogenic nematode against Rotylenchulus
reniformis infecting papaya plant on growth parameters under greenhouse condition at (27 + 4 °C).

Shoot Root

Treatments Increase . * Increase Root . *Increase

Length % Weight % Length Increase % Weight %
Bioarc 5g/pot 41 bc 43 12.4 de 44 30.4 be 50 10.2 ab 42
Agrein5g/pot 42.8 bed 60 11.8ab 37 28.8a 144 11.4h 58
Bionema 5ml/pot 40 be 58 154 a 79 26.6 ef 17 8.6 cd 19
Biozeid 5g/pot 39.4cd 37 115cd 34 33.4 bc 53 89cd 24
Micronema 5ml/pot 285cd 285 11.8hbc 37 27.5de 315 11.2 ab 56
Steinernema carpocapsae(All) 40001)/pot 62 a 117.9  9.8ef 14 27.2 e 52 10.4 ab 44
Z'Oeg%rlgg‘gf’d'“s bacteriophora (B20). 551 04 37 gs5ef 10 30 de 3 77¢h 6.9
Control plants (R. reniformis) only 285¢e 85f - 20.0f 7.2h

Valuesina column followed by the same letter(s) are not significantly different at (P<0.05) according to Duncan’s multiple-range test.
N alone=2000J; infective stages of R. reniformis.
* Increase =treatment - control (n alone) x 100

control (N alone)

The influence of five bionematicide in soil on  R. reniformis increased length and fresh weight of both
plant growth of papaya infected with M. incognita and shoots and roots. Generally, almost all tested
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bionematicids succeeded to reduced the juvenile’s
numbers in soil, numbers of galls and eggmasses.
Results are conforming to the finding of Kokalis-
Burelle et al., (2002, 2003) and Ibrahim et al., (2007).
Tasted soil with Trichoderma spp. reduced root galling
and increasing top fresh weight of plants infected with
Meloidogyne spp. (Mayer and Roberts, 2002; Dababat
and Sikora, 2007; Kumar and Jaain, 2010 and
Jepathambiga et al., 2011).

Application of microorganisms antagonistic to
plant parasitic nematode Meloidogyne spp. provide
additional opportunity for managing the damage caused
by root-knot nematode (Tian et al., and Sharma and
Pandey, 2009). The efficacy of Agrein, Bioarc,
Bionema, Biozayed, Micronemaand Nemaless in
controlling M. javanica infecting okra plants reduced
the numbers of nematodes in soil, galls, eggmasses and
egg per eggmass (Montasser et al., 2012).

Entomopathogenic nematodes used successfully as
biological control agents in several cropping systems to
reduce populations of plant-parasitic nematodes and free-
living nematodes in various way. The interaction between
plant-parasitic nematodes (PPN) and entomopathogenic
nematode (EPN) is especially unexpected because these
nematodes do not compete for common resources nor do
they interact directly in any way. The reduction of plant-
parasitic nematodes is attributed at least partially to
compounds produced by symbiotic bacteria associated
with (EPN). These bacteria are producedin large quantities
during an (EPN) infection and cadavers of insects with
ongoing infections were repellents to plant-parasitic
nematodes, and the cell-free extract of the bacteria in
culture to be toxic to most nematodes other than their
symbiotic partners.

All the above mentioned entomopathogenic
nematode species reduced number plant parasitic
nematode in the soil and egg-masses. This may be
attributed to competition at the root surface which may
affect plant parasitic nematodes behavior or
entomopathogenic nematodes crowded along the roots
of plants force plant parasitic away. Suppression of
plant-parasitic nematode populations has been
demonstrated in a number of greenhouse (Ishibashi and
Choi, 1991; Ishibashi and Kondo, 1987) and field
studies (Grewal et al., 1997; Smilety et al., 1992) in
different cropping systems. It is also possible that
experimental differences between greenhouse and field
conditions significantly affected the suppressive action
of S. feltiae on plant-parasitic nematodes.

(Kella et al., 2011) tested the ability of
entomopathogenic nematodes, S. carpocapsae and
H.bacteriophora (B20) as biological control agents
against M. incognita infecting tomato plants in the
greenhouse. Entomopathogenic nematodes were added
at three inoculum levels 1000, 2000 and 4000 1Js/pot.
The results reported that the use of both
entomopathogenic nematodes (EPN) effective in the
biological control programs of M. incognita and other
plant parasitic nematodes.

The symbiotic bacteria associated  with
Steinernematids, Xenorhabatdus spp., produce metabolites
that are toxic to nematodes. These metabolites include

indole, which produced by Photorhabdus in culture. Indole
was associated with M. incognita paralysis, but was not
produced in G. mellonella cadavers (Hu et al., 1999). A
similar mechanism may explain the results (LaMondiaand
Cowles, 2002) with P. penetrans and S. feltiae. Results
obtained by Kella and Hammad, 2007 have also indicated
the toxic effect of Stalpene and indole on plant-parasitic
nematodes. The allelochemicals  produced by
Xenorhabatdus spp. As the cause of antagonism to M.
incognita and T. semipenetrans suppression using
Heterorhabditis was more effective than using
Steinernema. We found that pre-infestation applications of
EPN suppress T. semipenetrans on greenhouse sour-
orange. Other results by Hu et al., (1999) prove that
alellelopathic substances produced by live or dead 1Js may
be toxic and/or repellent to PPN, thus reducing their
populationdensity. EPN-associated bacteria, Xenorhabdus
spp.orPhotorhabdus spp., produce endotoxins composed
of lipopolysacarides that are toxic and could kill or affect
in anotherway the evaluated stages (Dunphy and Webster,
1988). This results agree with reported previously to use
entomopathogenic nematodes in control Tylenchulus
semipenetrans gave reduction of number of plant parasitic
nematode (Al-Ghnamet al., 2015)

This data suggesting that some of
entomopathogenic nematodes can suppress plant-
parasitic nematode species. Generally, to achieve the
second part out of a two-fold goal (Abd-Elgawad and
Aboul-Eid, 2002; Abd-Elgawad et al., 2008 and Kella et
al,, 2011). In this respect, Lewis and Grewal (2005)
wondered what a possible nematode control product
based on EPN would look like.

CONCLUSION

Our results agree with those reported
previously to use bionematicide and entomopathogenic
nematodes EPN in the control of plant parasitic
nematode PPN. We conclude that treatments show
promise for control Meloidogyne incognita and
Rotylenchulus reniformis infecting papaya plants. All
tested bionematicide significantly succeeded to improve
the plant growth as compared to the untreated. On the
other, showed the effect of Steinernema carpocapsae
and Heterorhbditis bacteriophora gave reduction of
number PPN and egg masses agree with (EL-Deeb et
al., 2004) Egyptian isolates are becoming established as
biological control agents of some plant parasitic
nematodes.

REFERENCES

Abd-Elgawad, M. M. and Aboul-Eid, H. Z. (2002).
Effects of entomopathogenic nematodes on a
polyspeciesnematode  community  infecting
watermelon plants in Egypt. International J.
Nematol. 12, 41-45.

Abd-Elgawad, M. M. Koura, F. F.; Abd ElWahab, A.
E. and Hammam, M. M. (2008). Effects of
entomopathogenic nematodes on the
Meloidogyne javanica on Cucumber and Squash.
Egypt. J. Agronematol. 6(1): 21-32.

858



J. Plant Prot. and Path., Mansoura Univ., Vol.7(12), December, 2016

Al-Ghnam, Heba A.A., El-Lakwah, Saheir F. and Azazy,
A. M. (2015). Evaluation of certain
entomopathogenic nematodes as biocontrol agents
for the citrus nematode, Tylenchulus semipenetrans.
Egypt. J. Agric. 93(1)(B): 643-655.

Al-shalaby, M. E. M. And Sedik, M. Z. (2008).
Biocontrol activity of some bacterial isolates
against Meloidogyne incognita. Egyptian Journal
of Biological Pest Control. 18(1) 119-125.

Bird, A., and Bird, J. (1986). Observations of the use of
insect parasitic nematodes as a means of
biological control of root knot nematodes.
International J. Parasitol. 1134:473-482.

Byrd, D.W.; T. Kirkaptrick and K. Barker (1983). An
improved technique for clearing and staining
plant tissues for detection of nematodes. J.
Nematol., 15(3): 142-143.

Dababat, A. F. A. A. and R. A. Sikora, (2007). Use of
Trichoderma harzianumand Trichoderma viridefor
the biological control of Meloidogyne incognita on
tomato. Jordan J. Agric. Sci., 3:297-308.

Dunphy, G. B., and Webster, J. M. (1988).
Lipopolysaccharides of Xenorhabdus nematophilus
(Enterobacteriaceae) and their haemocyte toxicity in
non-immune  Galleria mellonella  (Insecta:
Lepidoptera) larvae. J. General Microbiol.
134:1017-1028.

El-Borai, F. E. and Duncan, L. W. (2005). Nematode
parasites of subtropical and tropical fruit tree
crops. In: Plant Parasitic Nematodes in
Subtropical and Tropical Agriculture, pp 467-492
(eds. Luc, M.: Sikora, R. A. and Bridge, J.).
Wallingford, UK: CABI Publishing.

EL-Deeb, A.A.; M.A.Azazy; Seham, K. Abdir and M.
A. Bekiet (2004). Suppression of root-knot
nematode, Meloidogyne incognita infected
tomato plants by entomopathogenic nematodes.
Egypt. J. Appl. Sc., 19(7B):705-715.

Goodey, J.B. (1957). Laboratory methods for work with
plant and soil nematodes. Tech. Bull. No.2 Min.
Agric. Fish Ed. London pp.

Grewal, P. S., Lewis, E. E, and \enkatachari, S.
(1999). Allelopathy: A possible mechanism of
suppression of plant-parasitic nematodes by
entomopathogenic  nematodes.  Nematology
1:735-743.

Grewal, P. S., Martin, W. R., Miller, R. W., and Lewis,
E. E (1997). Suppression of plant parasitic
nematode populations in turfgrass by application
of entomopathogenic nematodes. Biocontrol
Science and Technology 7:393-399.

Hu, K. J, L, J X, and Webster, J. M.
(1999).Nematicidal ~ metabolitesproduced by
Photorhabdus luminescens (Enterobacteriaceae);
bacterialsymbiont of entomopathogenic
nematodes. Nematology 1:457-469.

Huang, Y.; Xu,C.; MaL.; Zhang, K,; Duan, C. and
Mo,M. (2009). Characterisation of volatiles
porduced from Bacillus megateriumYFM3.25
and their nematicidal activity  against
Meloidogyne incognita. European J. Plant
Pathology, 26(3), 417-422.

Ibrahim, I. K. A.; El-Saedy, M. A. M. and Asmaa A.
Mokbel (2007). Control of the root-knot
nematode Meloidogyne incognita on sunflower
plants with certain organic plant materials and
biocontrol agents. Egypt J. Phytopathol. 35:13-
24.

Ishibashi, N., and Choi, D. R. (1991). Biological control
of soil pests by mixed application of
entomopathogenic and fungivorous nematodes. J.
Nematol. 23, 175D181.

Ishibashi, N., and Kondo, E. (1986). Steinernema feltiae
(DD-136) and S. glaseri: Persistence in soil and
bark compost and their influence on native
nematodes. J. Nematol. 18:310-316.

Jepathambiga, V,; Wilson, Wijeratham, R. S, and
Wigesundera, R. L. S. (2011). Effect of
Trichoderma viride strain NRRI 6418 and
Trichoderma harzianum (HypocreaLixi TWC1)
on livistona rotundifolia root-knot nematode
Meloidogyne incognita. J. Entomology 8:229-
239.

Kavitha, J.; Jonthan, E. I. and Umamaheswari, R.
(2007). Filed application of Pseudomonas
fluorescens, Bacillus subtilis and Trichoderma
viridefor the control Meloidogyne incognita
(Kofoid and white) chitwood on sugarbeet. J.
Bio. Control. 21:2:211-215.

Kella, A. M., Bekiet, M. A. and Hammad, Eman, A.
(2011). Biocontrol of root-knot nematode
infecting tomato plants by Steinernema
carpocapsae and Heterorhabditis bacteriophora.
Egypt. J. Agronematol. 10(1): 107-121.

Kesba, H. H.; Al-Sayed, A. A. and Farahat, A. A.
(2012). Pathogenicity of three phytoparasitic
nematode species infecting papaya and their
economic thresholds in Egypt. International
Journal of Nematology, 22(1): in press

Kokalis-Burelle, N.; Martinez-Ochoa, N., Rodriguez-
Kabana, R. and Kloepper, JW. (2002).
Development of multi-component transpiant
mixes for suppression of Meloidogyne incognita
on tomato Lycopersicon esculentum J. Nematol.
34: 362-369.

Kokalis-Burelle, N.; Vavrina, C. S.; Reddy, M. S. and
Kloepper, JW. (2003). Amendment of
muskmelon and water melon transplant media
with  plant growth-promoting rhizobacteria:
effects on disease and nematode resistance. Hort
Technology 13: 476-482.

Kumar, V. and Jain, R. K. (2010). Management of root-
knot nematode Meloidogyne incognita by
Trichoderma viride, T. harzianum & bacterial
antagonist Pseudomonas fluorescens and seed
treatment on okra. Indian J. Nematol. 40(2). 226-
228.

LaMondia, J. A., and Cowles, R. S. (2002). Effects of
entomopathogenic nematodes and Trichoderma
harzianum on the strawberry black root rot
pathogens  Pratylenchus  penetrans  and
Rhizoctonia fragariae. J. Nematol. 34:351-357.

859



Heba A. A. Al-Ghnam and Rania H. A. Whahdan

Lewis, E. E., and Grewal, P. S. (2005). Interactions with
plant parasitic nematodes. Pp. 349-362 in P. S.
Grewal, R.-U. Ehlers, and D. I. Shapiro-llan, eds.
Nematodes as biocontrol agents. New York:

CABI.
Mayer, S. L F. and Roberts, D. P., (2002).
Combinations of biocontrol agents for

management of plant parasitic nematodes and
soil borne plant-pathogenic fungi. J. Nematol.
34,1-8.

Montasser, S. A.; Ahmed, M. A.; El-Mesalamy, A. M.
and El-Sagheer, A. M. (2012). Evaluation of
certain commercial bionematicides against root-
knot nematode Meloidogyne javanica infecting
okra under greenhouse conditions. Egypt. J.
Agronematol., 11(2) 261-271.

Shamseldean, M. M. and Abd-Elgawad, M. M. (1994).
Natural occurrences of insect pathogenic
nematodes (Rhabditida: Heterorhabditidae) in
Egyptian Asian J. Nematol. 4(2), 151-154.

Sharma, P. and Pandey, R. (2009). Biological control of
root-knot nematode Meloidogyne incognita in
medicinal plant, Withania somnifera and the
effect of biocontrol agents on plant growth. Afr.
J. Agric. Res., 4:564-567.

Smitley, D. R., Warner, F. W., and Bird, G. W. (1992).
Influence of irrigation and Heterorhabditis
bacteriophora on plant-parasitic nematodes in
turf. J. Nematol. Supplement 24:637-641.

Teixeira da Silva, JA.; Rashid, Z.; Nhut, D. T,
Sivakumar, D.; Gera, A.; Souza Jr, M. T. and
Tennant, P. F. (2007). Papaya (Carica papaya L)
Biology and Biotechnology. Tree and Forestry
Science and Biotechnology, 1(1): 47-73.

Tian, B., Yang and Zhang, Ke-Qin. (2007). Bacteria
used in the biological control of plant parasitic
nematodes: population, mechanisms of action
and future prospects. Microbiol. Ecol., 61: 197-
213.

45 51 19 gilasil g ) gdad) akad ) gilay AadlCa 8 ) pdall Ll paal) 13 gilasil) g 4 gaad) S jal) lamy i

ALl alily qual Al
O g Gl 4 dala Ll 9 Tallad) ol a4

Bom— A cde) ) Egadd) S e -l A8 g ¢ gay Sl Lo ol gaid acid
-2 3 A 3 42 2 H g Al
B — A A 3 Gigandl 38 e bl Gl el agaa -l 13 gilayt amd |

400 sillar e Uyl Aaiiall 4 gl S ) (e ) il Qe aladiin) 3 LS 3 el A all o2a g

NCPON| PN V| PYCYSUREN | PYE [ [P Dy

81 )3 gilasi An8lSa 8 Steinernema carpocapsae (All); Heterorhabditis bacteriophora (B20)
ilalae O (A il oLl adly dge) 3l Ay saall Cag pda caad T Gl A1 A IS 1 gilail) 5 s2al)
sandl uS Al Gl ade 930 ,3al) agall dlaef g4 Il 1 gladl) slac] (el Py sl O llal) ety 44 3l
O aladiul o il (sl culS Alalaall e s dleaad) cilslally 45 i Llaall clildl Hha e
)y Eall A el o gl anill A Gly Ll 94571V G Lani g el Al 0V e (pm 68340 W3 Ch @ Gua
oadd JAiaa =l s w Steinernema carpocapsas Heterorhabditis bacteriophora (B20)
30U ) Cos e Ll et Jama e S (uSadl a8y M sill e 04TY g0 Lily ddalaiall 1o gilanil) alaxs
Lagi s Saall 5 o ya YL dlabaal) bl i il ame Cilas Ca (553000 5 (5 i) £ ganall J1 sk 5 ) 5 5Y)

) piadl A paall 1o silanilly dlalaall Lealy gl e

860



