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A survey study was conducted, during watermelon growing seasons 2014 & 2015, to identify root-rot
fungi and the root-knot nematodes infecting watermelon plants cultivated in Abu-Arish governorate
fields, Jazan province, southwest Saudi Arabia. Soil and root samples revealed the presence of three
root-knot nematode species, e.g. Meloidogyne arenaria, M. incognita and M. javanica was the most
prevalent species in all collected samples followed by M. incognita and M. arenaria. Also, three root-rot
fungi, e.g. Fusarium solani, Macrophomina phaseolina and Rhizoctonia solani were isolated from
watermelon root samples and the most prevalent fungus was R. solani. The mixed infection with both
pathogens; M. javanica and R. solni was common in most of the surveyed fields. In vitro tests using the
bioagents, Pseudomonas aeruginosa, P. chlororaphis, P. fluorescens showed significant inhibitions in
growth of R. solani, egg-hatch and juvenile mortality % of M. javanica. Under greenhouse conditions,
watermelon plants inoculated with R. solani alone showed a root-rot infection of 39.6 % increased up to
69.5% with the presence of M. javanica (mixed inoculation). Under a field condition, during the two
growing seasons 2014 & 2015, application of the three Pseudomonas species resulted in suppressive
effects on R. solani and M. javanica infecting watermelon plants, reduced percent of fungal root-rot
infection, nematode population and improved plant growth parameters compared to the check
treatment.

Keywords: Root-knot nematode, survey, soil borne pathogens, biological control, antagonistic organisms,
frequency of occurrence, Citrullus lanatus.

INTRODUCTION

Cucurbits are highly susceptible to a number of root and
soil borne diseases causing great losses in yield and
quality (Chehri et al., 2010). Watermelon (Citrullus lanatus
(Thunb.) Matsum & Nakai is a cucurbit fruit, grown
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throughout the world and consumed as fresh fruit (Bharath
et al. 2005). Watermelon cultivars suffer considerable yield
losses due to infection by root-knot nematodes
(Meloidogyne spp.) in tropical sand areas (Al-Hazmi et al.,
1983; Al-Yahya, 2006 and Mokbel, 2014). Root-rot
diseases are a serious and persistent disease problem of
major crops. Several root-rotting fungi, e.g. Fusarium
solani, Macrophomina phaseolina and Rhizoctonia solani
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attacked watermelon during different growth stages and
resulted in considerable yield losses (Zhou and Everts,
2004). The association of root-knot nematodes,
Meloidogune spp. with root-rot fungi produced great losses
than the presence of either pathogen alone (Parveen et al.,
1998). In Pakistan, Ghaffar (1995) stated that watermelon
plants was found infected with both root-knot nematodes
and root-rot fungi. There is a growing concern, both in
developed and developing countries, about the use of
hazard chemical pesticides for controlling plant disease
pathogens because its residues accumulated in the soil
particles and soil solution interferes with numerous
biological activities (Chet, 1987 and Davis, 2007). Thus,
the development of alternate control strategies and long-
term integrated approaches is urgently needed in order to
replace chemical treatments (Martin, 2003). Management
of plant pathogens by using natural enemies is a promising
method of control. Soil inoculation with bio-control agents
reduced the percentage of infected plants and disease
severity (Faheem et al, 2010). Antagonistic bacteria
belonging to the Gram-negative bacterium; Pseudomonas
have been widely used against phytopathogens attacking
vegetable crops (Bent et al, 2008). Furthermore, the
bacterial strains of P. chlororaphis, P. aeruginosa and P.
fluorescens provide sufficient control of root-knot
nematodes and root-rot disease on vegetable crops and
enhance plant growth (Burr et al., 1978; Kaiser et al.,1989;
Haas and Defago, 2005).

The present study was undertaken to (i) identify and
determine frequency of occurrence of root-knot nematodes
and root-rotting fungi attacking or associated with
watermelon plants samples collected from different fields in
Abu-Arish governorate, Jazan region, Saudi Arabia, (ii)
determine the effectiveness of P. aeruginosa, P.
chlororaphis and P. florescence against M. javanica
compared with the synthetic nematicide Furadan®10G
under laboratory condition, (iii) evaluate the efficiency of
the previous bioagents on linear growth of R. solani
compared with the synthetic fungicide Rizolex-T under
laboratory condition, (iv) estimate the influence of mixed
inoculation with M. javanica and R. solani on watermelon
plants under greenhouse condition, (v) evaluate the impact
of P. aeruginosa, P. chlororaphis, P. florescence,
Furadan®10G and Rizolex-T on watermelon plants
inoculated with both pathogens under field condition.

MATERIALS AND METHODS
Survey Study:

A survey study was carried out during the watermelon
growing seasons of 2014 and 2015 to determine the
frequency of occurrence of root-knot nematodes and root-
rotting fungi infected or associated with watermelon plants
cultivated in different fields in Abu-Arish governorate,

Jazan region, Saudi Arabia. A total of 185 rhizosphere
watermelon soil and root samples were collected and
examined. Adult females of root-knot nematodes were
isolated from the infected galled roots and identified to the
species level using the perineal pattern technique (Taylor
and Sasser, 1978).

Root-rot fungi isolation procedures were carried out
according to the method described by Dhingra and Sinclair
(1985) and Bridson (1995). The isolated fungi were purified
using the hyphal tips technique and then subculture on
slant plain agar medium and kept at 4 C. The isolated fungi
were identified according to the cultural characteristics
described by Barnett and Hunter (1972) and Nelson et al.,
(1982). The frequency of occurrence (FO) was calculated
for each root-knot nematode species, isolated root-rotting
fungi and for the mixed infection by both pathogens.

Nematode inoculum preparation:

Females and egg-masses of M. javanica (Treub.) Chitwood
were isolated from the infected watermelon roots. Culture
of this nematode species was established from single egg-
masses of adult females previously identified by the
morphological characteristics of the female perineal
patterns (Taylor and Sasser, 1978) and reared on eggplant
cv. Long Purple in a greenhouse. The root-knot nematode
eggs were extracted from the infected eggplant roots using
sodium hypochlorite (NaOCI) solution as described by
Hussey and Barker (1973).

Rhizoctonia solani inoculum preparation:

Pure culture of R. solani isolated from the infected
watermelon roots was prepared. Roots were tap washed
free of soil, surface sterilized with 2% sodium hypochlorite
solution for 2 min. Isolated fungus was maintained on
Czapek’s Dox agar medium in Petri plates at (275 C) in
order to mass-produce pure culture, then transferred to
flasks containing sorghum seeds and incubated at (271 C)
for 10 days.

Pseudomonas culture and inoculum preparation:

The three tested bacterial bioagents, P. aeruginosa
(Schroeter) Migula, P. chlororaphis Bergey, and P.
florescence Migula were obtained from the culture
collection of the Biology Department, Jazan University,
Saudi Arabia. Each Pseudomonas species was cultured on
conical flasks containing 500 ml of autoclaved King's ‘B’
broth medium. The flasks were incubated at 30+1 C for 5
days, shaken two times a day, then a concentration of

6
3x10 (cells)/ml distilled water for each bioagent was
prepared (King et al., 1954).



Laboratory experiments:

Effect of Pseudomonas spp. and Furadan®10G on M.
javanica egg-hatch and J, mortality:

Treatments were done using 24-well tissue culture plates;
each well received 2 ml of each treatment. A total of 150 M.
favanica eggs or J, was added in 50 ul of distilled
water/well. Two doses of 3x10° and 3x10° cells cells/ml
distilled water were used for each Pseudomonas spp. and
one dose of 0.25 ¢ Furadan®10G /ml distilled water (2
ml/well) were used to study their effects on egg-hatch and
J> mortality. Also, 150 eggs or J, of M. javanica were
added in sterile distilled water to serve as a check
treatment. Treatments were maintained at 27+2 C in an
incubator. Each treatment was replicated ten times. After
24 h of incubation in different bioagents or nematicide
treatments, numbers of hatched eggs or number of alive
and dead J, were counted and mortality % was calculated.

Effect of Pseudomonas spp. and Rizolex-T on R. solani
growth inhibition:

To determine the antifungal activity of P. aeruginosa, P.
chlororaphis and P. florescence, Petri plates (9 cm) filled
with Czapek’s Dox agar medium were used. The fungicide,
Rizolex-T WP 50% [20 % Telcolofos-methyl (0, 2, 6
dichloro-4-methylphenyl 0, 0 dimethyl phosphoro thioate)
and 30% thiram] was applied at the rate of 3 g / L (10
ml/plate) against R. solani. About 5-day old culture,
mycelial disc (5 mm) of R. solani was placed at one side of
the Petri plate and the respective bioagents and or Rizolex-
T were placed on the plate opposite to each other. Plates
inoculated only with mycelial discs of R. solani were served
as a check treatment. Treatments replicated ten times.
Plates were incubated at 28+2 “C then inhibition zone were
recorded after 5 days of incubation.

Greenhouse experiment:

Effect of R. solani inoculation alone or in combination
with M. javanica on watermelon plants:

The effect of R. solani alone or in combination with M.
favanica on watermelon cv. Balady was studied under
greenhouse conditions. Watermelon seeds were sown in
15 cm diam clay pots filled with (3:1, v:v) sterilized sandy
clay soil. Seedlings were thinned to two/pot, one week after
emergence. Fungal inoculation was applied at 35 g of
barley grains infested with R. solani/pot. Treated pots were
inoculated with 2000 nematode eggs and J./pot at the
same time of fungal inoculation. Pots, which inoculated
with either R. solani or M. javanica alone were served as
check treatments.

Treatments were replicated five times. Pots were
arranged in a randomized complete block design. The
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experiment was terminated 45 days after nematode
inoculation. Numbers of root galls and egg-masses/plant,
number of J,/250 cc soil and dry weights of shoot and root
systems were determined.

To determine root-rot infection %, roots of infected plants
were cut into 1 cm pieces, washed with distilled water, then
acidified and stained with 0.5% trypan blue in lactophenol
(v/v). Five stained pieces were mounted on a slide in a
lactophenol drop and presence of R. solani mycelium was
estimated (Buysens et al,, 1996). The root infection was
calculated by measuring the infected area in relation to
total length of root piece.

Microplot experiments:

Efficacy of Pseudomonas spp., Furadan®10G and
Rizolex-T on controlling R. solani and M. javanica on
watermelon cv. Balady:

Two microplot studies were conducted during the two
watermelon growing seasons of 2014 & 2015 at Abu-Arish
governorate, Jazan province Saudi Arabia. To determine
the efficacy of P. aeruginosa, P. ch/ororaph/s and P.
florescence; the nematicide, Furadan®10G and the
fungicide, Rizolex-T on watermelon plants cv. Balady
cultivated in sandy loam soil contained 3.0% organic
matters, which naturally infested with both of M. javanica
and R. solani. The initial population (P) of M. javanica was
estimated by collecting twenty soil samples of 250 cc
soil/each, before watermelon cultivation. The P; was 2500
Jo/kg soil. Prior to watermelon seeds cultivation, the soil
was plowed to a depth of 20 to 25 cm and divided into rows
of 20 cm height, two meter long and 50-cm wide with 25-
cm gap between rows. All rows were irrigated to its full
water holding capacity and watermelon seeds were sown
in hills (5 hills/row) as five seeds/hill. Ten days later,
seedlings were thinned to two seedlings/ hill. A week later,
watermelon seedlings were treated with one concentration
of 3x10° cells/seedling for each Pseudomonas species.
The nematicide, Furadan®10G was applied at the rate of
2.5 g/seedling and the fungicide, Rizolex-T was applied at
the rate of 3 g/seedling.

Separate rows, which naturally infested with both R.
solani and M. javanica, irrigated only with water were
served as check treatments. All treatments were replicated
five times (5 rows) and were laid out in a randomized
complete block design.

At harvest time, numbers of nematode root galls, egg-
masses/plant, J»/250 cc soil, dry weights of shoot and root
systems and root-rot infection % were determined.

Statistical analysis:
Data obtained were statistically analyzed using SAS

software program (SAS Institute, 1997). Numbers of
nematode root galls, egg-masses and Jo/250 cc soil were
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Table 1. Number of positive samples and frequency of occurrence % (FO) of root-knot nematode species infected watermelon plants cultivated in Abu-
Arish governorate

Number of positive soil samples
No. of collected
& FO
watermelon samples ; ; ; ; )
M. arenaria M. javanica M. incognita
250 33%,13.2° 138,55.2 39,15.6

2 = number of positive samples containing root-knot nematode species, ® = FO = (number of positive samples/total number of the collected samples) x 100.

Table 2. Frequency of occurrence of Meloidogyne spp. and each of F. solani, M. phaseolina and R. solani infected watermelon plants cultivated in Abu-
Arish governorate

Naturally infected watermelon samples with
Meloidogyne spp. + fungus

Isolated fungus

Fungus alone

(mixed infection)

M. arenaria M. javanica M. incognita
F. solani 19°,7.6° 6,24 - -
M. phaseolina 16, 6.4 -, - -, - 8,3.2
R. solani 58, 23.2 5,20 133,53.2 -, -

Number of collected watermelon soil and root samples = 250 sample. ®= Number of positive soil samples. b= Frequency of occurrence % = No. of

positive sample/ No. of collected samples x100.

transformed to before statistical analysis. Moreover, means
were compared using revised LSD test at 5% level of
probability.

RESULTS

Data presented in Table (1) indicated the presence of the
three root-knot nematode species, namely M. arenaria, M.
Jjavanica and M. incognita in the watermelon collected
samples. The most common root-knot nematode species
was M. javanica, with FO of 55.2 % followed by M. arenaria
and M. incognita with 13.2 and 15.6 % FO, respectively.

Results of Table (2) showed number of positive samples
and FO of root-rotting fungi and root-knot nematode
species in the watermelon collected samples. Data
indicated the presence of mixed infection with both
pathogens in the watermelon collected samples. The most
prevalent fungus was R. solani with 23.2 FO. However, M.
phaseolina and F. solani showed 6.4 and 7.6 FO%,
respectively.

The most watermelon samples were found naturally
infected with both M. javanica and R. solani with 53.2 FO.

On the other hand, the mixed infection with either of M.
aernaria or M. incognita showed 2.0- 3.2% FO (Table 2).

The highest egg-hatch or J, mortality inhibition % (94.0 —
96.7%) was achieved with Furadan®10G treatment,
followed by treatments with (3x10° and 3x10° cells/ml) of P.
fluorescens which showed 66.7 — 87.3 % inhibition.
Meanwhile, treatments with either 3x10° and 3x10° cells/ml
of P. aeruginosa or P. chlororaphis inhibited egg-hatch and
J> mortality % of root-knot nematode by 33.7-53.1 (Table 3).

The effects of P. aeruginosa, P. chlororaphis, P.
florescence and Rizolex-T on growth of R. solani were
presented in Table (4). Data indicated that the highest
growth inhibition % of R. solani (94.4 %) was achieved with
treatment of Rizolex-T followed by treatment with P.
florescence, which showed 86.7% inhibition. In addition,
treatments with either P. aeruginosa or P. chlororaphis
against R. solani resulted in 74.4-77.8 % growth inhibition
(Table 4).

The highest numbers of root galls, nematode egg-
masses and numbers of J»,/250 cc soil on watermelon
plants were recorded with M. javanica infection (Table 5).
However, no significant differences were detected, in
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Table 3. Effects of Pseudomonas and Furadan®10G on egg-hatching and J. mortality % of M. javanica after 24 h of exposure, under laboratory condition

No. of Relative

Number of alive J, after 24 h &

Treatment hatched hatching *  MMPItON " inpiition %

Eggs % o Alive Mortality * %
Check (MJ alone) 150.0 a 100.0 - 150 a -
P. aeruginosa
3 x 10° cells/ml 86.5 bc 57.7 42.3 85.0 bc 43.3
3 x 10°cells/ml 70.4¢c 46.9 53.1 71.0 ¢ 52.7
P. chlororaphis
3 x 10° cells/ml 90.2b 60.1 39.9 99.5b 33.7
3 x 10° cells/ml 75.5 bc 50.3 49.7 79.5 bc 47.0
P. florescence
3 x 10° cells/ml 50.0d 33.3 66.7 40.5 d 73.0
3 x 10° cells/ml 23.2e 15.5 84.5 19.0 e 87.3
Furadan®10G
0.25 g/ml 9.0f 6.0 94.0 5.0 f 96.7

Initial population = 150 M. javanica eggs/treatment for egg hatching and 150 Jo/ treatment for mortality% experiments. * =

Relative hatching % = No. of

hatched J, in each treatment/No. of hatched J, in check treatmentx100. Data are averages of 10 replicates. Values of each column, followed by the same
letter(s), are not significantly different at P < 0.05 of LSD test. Inhibition ¥ %= 100 — Relative hatch%, Mortality %= [No. of dead J; in the check -No. of dead

Jz in treatment / No. of dead J, in the check treatment]x100.

Table 4. Effect of Pseudomonas spp. and Rizolex-T on growth inhibition of R. solani under laboratory conditions

Zone of Inhibition Inhibition
Treatment -

(cm) %
Check’ 9.0a -
Pseudomonas conc. (3 x 10° cells/ml):
P. aeruginosa 20b 77.8
P. chlororaphis 23b 74.4
P. florescence 1.2c¢c 86.7
Rizolex-T (3 mg/ml) 0.5d 94.4

"= Check treatment = Untreated plates. ~ =

Inhibition%= growth zone in check plate-growth zone in test plate/growth zone in check platex100. Data are

averages of 10 replicates. Values, within each column, followed by the same letter (s) are not significantly different at P < 0.05 of LSD test.

nematode parameters with mixed inoculation of R. solani

and M. javanica compared with that of positive control
treatment (mixed infection). Data in Table (5) indicated
that root-rot infection % of watermelon was increased up to
69.5% in pots inoculated with both pathogens; M. javanica
and R. solani (Table 5).

Results of Table (6) showed the efficacy of
Pseudomonas, Furadan®10G and Rizolex-T on M. javanica
and R. solani infected watermelon cv. Balady under filed
conditions along 2014 and 2015 seasons. In both seasons,
data indicated that treatments with Furadan®10G and all
Pseudomonas species applied treatments reduced root-
knot nematode parameters. The highest reduction % of
nematode root galls, egg- masses/plant and J,/250 cc soil
was achieved with Furadan®10G with 97.4-99.5% in both
seasons followed by that of P. florescence treatment,

which showed 51.4-57.1 reduction % in the 1* season and
raised to be 81.0-85.5% in the 2™ season. Meanwhile,
treatments with either P. aeruginosa or P. chlororaphis
reduced number of nematode root galls . £99- masses/plant
and J,/250 cc soil, in the 1% and the o season, by 31.1-
41.6 % and 64.1-77.0% , respectively (Table 6).

The greatest reduction (86.5 and 96.4%) in fungal
infection was achieved with treatment of Rizolex-T in the
1" and 2™ season, respectively, followed by treatment
with P. florescence which showed 57.2 reduction % in the
1% season and raised up to 81.5% in the 2" season. While,
treatments with P. aeruginosa and P. chlororaphis showed
reduction in fungal mfectlon of (27.6-39.8%) and (55.8-
69.5%) in the 1* and 2" seasons respectively. Meanwhile,
treatment with Furadan®10G showed fungal infection
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Table 5. Effect of infection with R. solani (RS) and M. javanica (MJ) on number of galls (G), egg masses (EM)/ root system , number of J»/ 250 cc soil, dry
weight of shoot and root systems of watermelon cv., balady under greenhouse condition

Dry weight . L
Treatment G EM J2 (9) 2/(:;) tinfection
Shoot Root
Check (MJ alone) 4240 a 4158 a 500.4 a 45a 1.1a -
Check (RS alone) - - - 40a 0.8a 39.6b
RS and MJ 4124 a 406.8 a 489.0 a 3.6a 0.7 a 69.5 a

MJ = 2000 nematode eggs & Jo/pot. " =% of root infection with R. solani. Data are averages of 5 replicates. Values within a column followed by the same

letter are not significantly different at P < 0.05 of LSD test.

Table 6. Efficacy of Pseudomonas, Furadan®10G and Rizolex-T on controlling both M. javanica (MJ) and R. solani (RS) infected watermelon cv. Balady,

under filed condition

1 season
Nematode parameter and reduction % (R) _Funggl Reduction
Treatment infection o
No. of No. of egg- No. pf J2/250 R (%) o
galls/root masses/ root cc soil
Pseudomonas spp. (3x10° cells /seedling):
P. aeruginosa 568.5b 41.6 563.0b 41.8 884.0b 32.0 60.2 bc 39.8
P. chlororaphis 585.0b 39.9 574.2b 40.7 8955b 31.1 72.4b 27.6
P. florescence 420.5¢ 56.8 415.0c 57.1 632.0c 51.4 42.8c¢c 57.2
Furadan®0G
2.5 g/seedling 22.4d 97.7 18.0d 98.1 33.5d 97.4 98.4 a 1.6
Rizolex-T
3 g/seedling 970.5a 0.31 960.2 a 0.81 1290.0 a 0.77 13.5d 86.5
MJ & RS’ 973.5a 0.0 968.0 a 0.0 1300.0 a 0.0 100.0 a 0.0

ranged from 1.6-3.3% in both 1 and 2" seasons
compared with the check treatment (Table 6).

Data presented in Table (7) showed that treatments with
P. florescence resulted in significant increases of 63.0-
80.6% in dry weights of shoot and root systems in both 1%
and 2" seasons, followed by treatments with P.
aeruginosa and P. chlororaphis which showed 42.5-59.3%
increase in both seasons. Meanwhile, slight increase in dry
weights of shoot and root systems (2.5-12.9 %) was
noticed with Furadan®10G and Rizolex-T treatments range
from in both seasons compared with the check treatment
(Table 7).

DISCUSSION

The present survey results indicate the presence of three
common species of root-knot nematodes; M. arenaria, M.
favanica and M.incognita infecting watermelon plants

grown in all the surveyed fields in Abu-Arish governorate,
Jazan province Saudi Arabia. M. javanica was the most
common root-knot species with 55.2 FO, followed by M.
arenaria and M. incognita with 13.2 and 15.6 % FO,
respectively. These data are in agreement with those of Al-
Yahya (2006) and Mokbel (2014), who indicated the
presence of root-knot nematodes in vegetables fields in
Abu-Arish governorate. They found that M. javanica and M.
incognita were the most prevalent nematode species
associated with watermelon soil and root samples.

Also, the present data showed the presence of three
root-rotting fungi; F. solani, M. phaseolina and R. solani
associated with watermelon soil and root samples. The
most prevalent root-rotting fungus was R. solani. These
results are in agreement with results of Ghaffar (1995) and
Mousa (1994). They found that the most prevalent fungi
which could be attacked and associated with watermelon
plants were F. solani and R. solani.
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2" season

N tode parameter and reduction % (R) Fungal Reduction
Treatment ema p ° infection

No. of No. of egg- No. of J2/250 o 7o

. R (%)

galls/root masses/ root cc soil
Pseudomonas spp. (3x10° cells /seedling):
P. aeruginosa 325.0c 76.7 319.2c 77.0 486.5c 74.1 30.5¢ 69.5
P. chlororaphis 419.5b 69.9 4105b 70.4 6740b 64.1 442 b 55.8
P. florescence 208.0d 85.1 201.5d 855 357.0d 81.0 18.5d 81.5
Furadan®10G
2.5 g/seedling 12.0e 99.1 6.5e 99.5 205¢e 989 96.7a 3.3
Rizolex-T
3 g/seedling 13385a 047 1376.0a 0.86 1863.5a 088 36e 96.4
MJ & RS 1395.0a 0.0 1388.0 a 0.0 1880.0 a 0.0 100.0 a 0.0

" = Check treatment. The P; was 2500 Jo/kg soil. Legend as in Table,5.

Table 7. Effects of Pseudomonas spp., Furadan®10G and Rizolex-T on growth parameters of watermelon plants infected with M. javanica (MJ) and R.

solani (RS) under filed condition

1° season 2" season
Treatment ShQOt dry Increase RO.Ot dry Increase ShQOt dry Increase RO.Ot dry Increase
weight o weight o weight o weight o
(@) ) (%) (@) (%) (@) (%)
Pseudomonas spp. (3x10° cells /seedling):
P. aeruginosa 11.0ab 50.7 8.9 ab 58.9 129ab 59.3 96b 54.8
P. chlororaphis 104 b 42.5 8.3 ab 48.2 11.8b 45.7 9.2b 48.4
P. florescence 11.9a 63.0 9.8a 75.0 13.8a 70.4 11.2a 80.6
Furadan®10G
2.5 g/seedling 8.1cd 10.6 6.3 cd 12.5 89¢c 9.9 7.0c 12.9
Rizolex-T
3 g/seedling 8.0c 9.6 6.1¢c 8.9 8.3 cd 25 6.9 cd 11.3
MJ & RS’ 7.3d 0.0 5.6d 0.0 8.1d 0.0 6.2d 0.0

Legend as in Table,6.

Under greenhouse conditions interaction between M.
favanica and R. solani on watermelon plants showed no
significant differences neither in nematode reproduction
nor in watermelon growth parameters. These results are
disagree with results of Mehta et al. (1990) who reported
that interaction between M. javanica and R. solani had no
effect on French bean growth parameter, but R. solani
infection affected reproduction of M. javanica. Also, AL-
Hazmi (1985) and Mehta et al. (1990) reported that the
combined infection with the nematode and fungus
decreased nematode reproduction and this may be due to
production of fungal toxins, adverse effect of the fungus on

the nematode penetration and/or fungal invasion of giant
cells which disrupts nematode feeding.

The present study revealed that some strains of
fluorescent Pseudomonas showed significant activity
against root-rotting fungi and root-knot nematodes under
both laboratory and filed conditions. All treatments
significantly suppressed both pathogens R. solani and M.
javanica and enhanced plant growth parameters. These
results are in agreement with many other workers (Siddiqui
and Ehteshamul-Haque (2001) and Jiskani et al., 2007).
They reported that the bacteria belonging to fluorescent
Pseudomonas, which colonize roots of a wide range of
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crop plants, are reported to be antagonistic to soil borne
plant pathogens.

Many investigations revealed that the antagonistic
potential of P. fluorescens and P. aeruginosa against root-
rot fungi and root-knot nematodes could be attributed to
the production of antibiotics and siderophore as one of the
mechanisms involved in antagonism or due to induced
systemic resistance (Kloepper et al., 1980; Bakker et al.,
1993; and De Meyer and Hofte, 1997). Raajimakers and
Weller (1998) reported that the fluorescent Pseudomonas
species produced the antifungal metabolite 2, 4-
diacetylphloroglucinol in the infected plant roots.
Meanwhile, Chin-A-Woeng et al. (1998) reported that P.
chlororaphis produces the antifungal metabolite phenazine-
1-carboxamide which controls root-rot disease. Park (1990)
reported that suppression of root pathogens is also due to
competition for food and ability to colonize the roots. Also,
the bacterial strain P. fluorescens produces plant growth
promoting substances, thereby enhancing plant growth and
yield (Burr et al., 1978; Kaiser et al., 1989).

Endo-parasitic nematodes like Meloidogyne spp., form
specialized feeding cells in the plant tissue and remains
embedded in the tissue, whereas parasitic fungi also
proliferate inside the host tissues and absorbs the
nutrients. Due to protection by surrounding plant tissue,
they are difficult to control by soil and rhizosphere
microorganisms. Therefore, endophytic microorganisms
colonizing plant root tissue may be better able to manage
endo-parasitic nematode and fungi due to fact that both
occupy the same ecological niche and are close contact
(Hallman et al., 1997).

CONCLUSION

Our results indicated that application of the antagonistic
bacteria belonged to Pseudomonas spp. are capable of
protecting watermelon from root-knot nematodes and root-
rot fungi infection and enhanced plant growth under both
greenhouse and field conditions. The application of these
bioagents may be an effective and ecologically safer
alternative approach as a substitute of chemical pesticides
that pollute our environment.
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