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ABSTRACT

In order {o save the Egyptian ecosystem from pollution with pesticides. Five

bioagents were isolated from the Egyptian scil. These bioagents were identified as
Trichoderma hamatum, Gliocladium virens, Bacillus subtifis, Pseudomonas
fluorescens and Streptomyces sp. The isolates proved ¢ be antagonistic to
Rhizoctonia solani, Pythium sp. and Fusarium sp. in vitro. Under field conditions,
good conirol of soil borne diseases of cucurbits was achieved as a result of these
bioagents.The application of bioagents as seed coat resulted in higher efficiency
than applying them as sail drench. The bioagents affected positively the root system
and the foliage.
A new method fo asses the bioagent antagonistic potency in vitro, was developed.
The bioagents showed satisfactory control of downy mildew disease on cucumber
and powdery mildew on squash, with significant increasing in the yield. in all cases
the fungicides showed better results.

INTRODUCTION

The cucurbits are a world wide important vegetable crops, They are

subject to be aftacked by many pathogens either in the open field or under
covered agriculiura conditions resulting in great economic fosses. These
pathogens may be soil borne i.e. Fusarium spp., Sclerotinia sclerotiorum,
Sclerotium rolfsii, Rhizocfonia solani and Pythium spp., which attack the root
system resulting in root rot diseases or airborne i.e. Pseudoperonospora
cubensis and Sphaerotheca fulginea the causal organisms of downy mildew
and powdery mildew respectively (Maximlian, ef al. 1976)
However, good control of these diseases can be achieved by chemical conirol
products, The hazardous of the pesiicides on the environment and
consumers (Epstein ef al, 1967, Fawceit and Spencer, 1970; Dubey and
Mall, 1972; Beye, 1978 and Javoraska, 1978) limit the use of these
pesticides and emphasize the need for new saver methods to control plant
diseases (Wilson ef al, 1987). The biocontrol of plant diseases as an
alternative strategy has received an increasing aftention at the last tow
decades (Papavizas, 1985; Baker, 1987 Lockwood, 1988 and El- Kafrawy
,2002).

This investigation is an attempt {o isolate some indigenous
bicagents from the Egyptian field to save the Egyptian ecosystem, and to
study the ability of these biclogical agents to suppress the soil- and air-borne
pathogens on cucurbits in addition to clarify the influence of these bioagents
on the vegetative growth of the piants and it's crop. It aims also to develop a
standard method which enables the investigators to calcuiate the antagonistic
efficiency of the bioagents.
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MATERIALS AND METHODS

I- Isolation of different bio-agents from the soil :

Healthy plants of cucumber grown in the Gemmiza experimental
farm were chosen and plucked out with roots and rhizosphere soil, The
roots and rhizosphere soil were crushed thoroughly and ten grams of each
soil sample were suspended in 90 ml sterilized distilled waterin 200 mi.
flasks and shacked for 20 min. using high speed shaker. Standard dilution
plating technique { Wollum, 1982) was followed to isolate the different bio-
agents, where. serial dilutions up to 10 8 were done by repeated addition of 1
mi. soil suspension to 9 ml sterilized distilled water. The resulied
suspensions were used for the isolation of fungi, bacteria and actinomyces.

a- Isolation of fungi :

0.250 ml. of each dilution was spread on the surface of peptone
dexirose agar in Petri dishes using sterile glass rod . Flve Petri dishes were
used for each dilution. The dishes were incubated at 25°C for 3 days. The
separated grown colonies were subcultivated on PDA medium.

b- isolation of bacteria and actinomyces:

0.250 ml. of each dilution was spread on the surface of soil extract
agar in Petri dishes in case of bacteria and Jensen’s agar medium in case
of actinomyces using sterile glass rod . Fife Petn dishes were used for each
dilution. The dishes were incubated at 28°C for 2 days. The separated
grown colonies were subcultivated on slant nutrient agar medium in case of
bacteria and Jensen’s agar medium in case of actinomyces

li- Prescreening of the isolated organisms for antagonistic potency invitro:

In order to screen the antagonistic potency of the isolated fungi,
these isolates were cultured on PDA medium in Petri dishes for five days.
while the bacterial isolates were cultured in nutrient-yeast broth medium in
flasks, incubated with shaking at 150 rpm for48to 72 h. at 28°C. then the
bacterial; suspensions were centrifuged , washed and resuspended in 20 m
N buffer, pH 7.0.

Petri dishes containing 1/5 PDA were inoculated in the center with
Rhizoctonia solani, Fusarium spp or Pythium spp. disks, 4 mm in diameter,
taken from the edge of 5 days old culture. The same Petri dishes were
inoculated with 4 disks taken from the edge of 5 days old culture of 4
different isclated fungi near the edge of the dishes, or with 0.1 ml. of the
different actinomyces or bacterial suspension . Each of the candidate bio-
agent (the isolated fungi, bacteria and actlnomyces) was inoculated in five
plates. The plates were incubated at 25°C. for 5 days and any noticed
inhibition zone or hyper parasitism was recorded.

The organisms, which showed valuable inhibition zone or hyper
parasitism, were tested again to assest their antagonistic potency using the
following new developed technique. On the 1/2 PDA medium plates, a disk
of the pathogen, Rhizocionia solani, Fusarium sp. or Pythium sp. was
mounted at distance of 3 cm. from the plate edge, opposite to it, on the
same radius and at distance of 1.5 cm. from the opposite piate edge, one
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disk of the candidate fungus , or a droplet 0.1 ml. of the candidate of
bacteria or actinomyces suspension was mounted Five replicates were used
for each and the plates were incubated at 25 © C. until the pathogen growth
reach the rear edge of the plate.

The antagonistic potency of the candidates were estimated as the
percentage of the growth inhibition area of the pathogen, calculated according
to the following new developed equation.

AP=[(6.08-1.5D,)*(D-D,)]/ 3.14* D?
since :
AP = antagonistic potency
D = diameter of the pathogen growth on the rear site of the fungus disk.
D1 = diameter of the pathogen growth on the nearby site of the fungus
disk which faces the bioagent candidate.
(6.08 — 1.5D;) = equation of the common chord resulted from the
interference between the growth of the pathogen and the area of
antagonistic effectThis equation was generated using Main Trend sub
program, Excel computer program, Office Microsoft.
p.s. This equation was examined and proved to be adequate when the
pathogen and bioagent candidate were placed at the aforementioned
distance only. Other wise it must be modified before use.
The candidate bioagents, which proved their antagonistic potency
were identified in plant pathology research institute according to Rifai, 1969;
Bisseft, 1991 and Domsch 1980 in case of fungi, while the bacterial and
actinomyces isolates were ideniified according to Bergey's Manual of
Determinative Microbiology, 1954 (Holt ,1984 ).

ili- Assessment of biclogical control potency of the different bioagent
candidates under field condition:

For assessment of biologicai coniroi potency of the different bicagent
candidates under field conditions, two field experiments were performed
through two successive years (2000 and 2001) in El-Gemmiza Experimental
Station, El-Gharbia governoraie; on two cucurbits crops, cucumber ( vr.Beta
Alfa ) and squash ( vr. Alexandrani).

a- Preparation of the biocagent inocula :

Fungal bioagent candidates were grown on PDA medium for 7 days at
28°C. Fungal spores were harvested by adding 10 mi of sterilized distilled
water to each plate and scraped gently. The suspensions were filtered
through sterilized filter paper (Wattman No. 1). The number of fungai spores
in the aqueous suspension was adjusted to approximately 25 x 10° spore/1 ml
by heamocytometer.

Bacterial isolates were grown on nutrient giucose broth (NGB), while
Streptomyces sp. was grown on starch nitrate broth (SNB) described by
Waksman, (1962). The cultures were incubated for 3 days at 30°C.ina
shaking incubator, then the cuitures were centrifuged at 5000 rpm for 10 min.
Precipitate mass from each culture was resuspended into 30 mi sterilized
distilled water. the bioagent suspensions were incorporated into talc powder
(50 ml suspension/100 gm powder) and 2 ml of 0.1% carboxyl methy!
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cellulose and mixed thoroughly, then were air dried in laminar flow hood for
over night. The dried formulations were stored in sealed polyethylene bags.

b- Assessment of the efficiency of bioagent candidates in controlling
the soil borne diseases:

A formulation slurry was prepared by adding 4 g. of the bioagent
formulation in 25 ml of sterilized distilled water and mixed thoroughly. Seeds
of cucumber and squash were mixed with the bioagents slurry at the rate of
40 g/kg. The treated seeds were dried in laminar flow hood over night. The
treated seeds were sown in the field, in plots (3 m x.5 m.).in three replicates
for each treatment. At the same time untreated seeds were sown in equal
number of plots , after sowing, the formulation of the bioagents were
suspended in water separately in a ratio of 400 g./10 L of water and then
were applied to soil surface as soil drench. Seeds treated with Monceren at
the rate 3 g./kg. were sown in three plots to serve as check. Pre-, Post-
emergence damping off and healthy survived plants were calculated
according to Shatla et.al. ,1983.

c- Assessment of the efficiency of bioagent candidates in controlling
the airborne diseases:

For the assessment of the efficiency of the bioagent candidates for
controlling the airborne diseases, the bioagent candidates were tested for
their effectiveness against powdery mildew of squash and downy mildew of
cucumber by using the bioagents formulation at the rate of 400 g./10 L of
water as foliar spraying three times after the infection in 15 days intervals.
Ridomil plus was used at the rate of 15 g./10L water to serve as check
for downy mildew disease and micronized suiphur was used at the rate
of 25 g./ 10L. water in the case of powdery mildew.

The disease severity was estimated as follow:
Degrees of infection with downy- or powdery-mildew diseases were estimated

according to the flowing scales:
Numerical value

(Infection category) Irifection
0 No infection spots on the leaf )
1 Very small infection spots occupy less than 1/10 of the leaf area.
2 Infection spots cover > 1/4 of the leaf area.
3 Infection spots cover > 1/4 and < 1/2 of the leaf area.
4 Infection spots cover > 1/2 of the leaf area, or the leaf is destroyed .

Disease severity was calculated using the equation developed by Towsend and
Heuberger, (1943).

(nxv)
P= ————— x100

4N

where :
P = disease degree
n = number of leaves within infection category.
v = numerical value of each category.
N = total number of leaves.
The averages were compared at 0.05 and 0.01 levels using the least
significant difference (LSD) after transforming percentages into arc sine.
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RESULTS AND DISCUSSION

I- Prescreening of the isolated organisms for antagonistic potency in
vitro:

From a huge number of the isolates, isolated and prescreened for
their antagonistic potency, only four isolates proved to be highly antagonistic
to Rhizoctonia solani, Fusarium sp. and Pythium sp. These isolates were,
identified and were found to be, two fungal isolates { Trichoderma hamatum
and Gliocladium virens), two bacterial isolates (Bacillus subtilis and
Pseudomonas fluorescens )} and an isolate of Streptomyces sp. These
isolates were subjected to a further antagonistic test.

ll- Estimation of antagonistic potency in vitro:

The antagonistic effect of biocontrol agents against cucumber and
squash damping-off pathogens was determined (Table 1). Data revealed that
Trichoderma hamatum and Gliocladium virens were the most antagonistic
agents with no significant difference. They resulted in 24.8 and 214 %
reduction  in the growth of Rhizoctonia solani, and 27.2 and 22.5% In the
growth of Pythium sp. No significant difference was found among
Trichoderma hamatum, Gliocladium virens and Bacilius sublilis in case of
Fusarium sp.

Pseudomonas fluorescens was the least effective one. Streptomyces sp.
Showed moderate effect on Rhizocionia solani and Fusarium sp. but lower
effect on Pythium sp.

Table 1: Antagonistic potency (AP) of the different bicagents candidates
against Rhizocfonia solani, Fusarium sp. and Pythium sp. in

vitro.

Pathogen R. solani Fusarium sp. Pythium sp.
Bioagents D" incm) AP*% Diincm| AP*% [Di"incm.] AP*%
7. hamatum 1.30 248 1.25 26 1.30 272
G. virens 145 214 1.53 203 1.40 225
B. subfilis 1.60 182 1.35 236 2.50 40
Ps. Fluorescens 230 . 6.0 24 7.0 2.10 8.0
Streptomyces sp. 1.75 16.2 1.85 14.3 2.40 5.0
L. SD. at0.05 0.27 0.32 0.35
D4 = Mean of nearby growth diameter D (cm}

AP = Antagonistic potency

il- Assessment of the isolated bioagents candidates for their potency in
controliing soil borne diseases of cucurbits under field conditions:

The biological potency of the 5 bioagent candidates in confrolling soil
born diseases of cucumber and squash was estimated compared with
Monceren fungicide, Date are demonstrated in Table (2).

It is obvious that, either in the case of cucumber or squash all the
treatments resulted in significant reduction in pre- and post emergence
damping off. the fungicide Monceren was the most effective treatment, it
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resuited in the highest percentage of healthy survived plants. in most cases,
T. hamatum, G. virens and B. subtilis proved to be the most effective tested
bioagents. Results showed that seed coating with biocontrol agents or
fungicide was more effective than soil drench.

Table 2: Biological potency of the bioagent candidates in controlling
soil borne diseases of cucumber and squash represented as
the percentage of pre-, post emergence damping off and
survived piants at the year 2000 .

Cucumber Squash

_—— Seedcoating | Soildrench | Seed coating | _ Soil drench

7. hamatum 29461 9.82 |60.72]40.17 | 8.03 | 51.80]28.57 | 7.14 |64.29 | 40.87 | 10.71 | 49.12
G. virens 3125} 8.03 |60.72|41.07 | 803 | 5090133.92| 7.14 | 58.94 | 30.39 | 11.07 | 58.54
B. subtilis 25.89]|1160)625114285] 9.82 | 47.33|37.50 | 10.71 {51.79 14821 | 892 4217
. fiuorescens 35.71| 9.82 | 54.47{49.10| 8.03 |4287 [49.15] 982 [ 41.08 |57.14] 535 | 37.51
\Streptomyces sp. 32.14| 9.82 |58.04 |33.03| 9.82 |57.15]46.42| 892 | 4466|5445 535 140.19
Monceren 19641 535 {75.01{32.14| 892 |589413.39]| 982 | 7679|2500 267 | 7233
Control 57.1411071{32.15{55.60] 7.34 {137.06158.92] 7.14 133945892 7.14 13394
LS.D.5% 0.158] 0.26 {0.35610.131j0.233|0.244{ 0.83 | 0.74 |0.859]0.635)0.327 | 069

This date were confirmed when the same experiment was repeated at
the next year (Table 3). Similar data were obtained, all the treaiments resulted
in significant retained reduction in the number of the damped off plants. The
fungicides its high efficacy and resulted in the highest number of survived
plants, however limited difference among the different treatments was noficed.
Seed coating proved fo be superior to soil drench treatment.

Table 3: Biological potency of the bioagent candidates in controlling
soil borne diseases of cucumber and sgquash represented as
the percentage of pre-, post emergence damping off and
survived plants at the year 2001 .

Cucumber Squash
reatment Seed coating Soil drench Seed coating Soii drench
% % % %
Pre. [epostisurv] o° fpostBiSurv] ° [iposteSurv] o lspost BeSur
T. hamatum 25.89{10.71 (6340|3660 803 [5557 (2678 7.14 [66.083571 1339 50.8
G. virens 27.87| 7.14 164993839 7.14 |54.4731.25]| 625 | 625 | 3571|1071 5358
5. subfifis 25.00| 8.03 {66.97 |39.28| 9.82 | 50.90 | 33.92| 10.71 | 55.57 | 43.75 | 9.82 |46.43
P. fiuorescens 3214 ) 982 |58.04|46.42| 8.03 |4555]44.64 | 892 |46.24 |53.47| 825 |4028
[Streptomyces sp. 28.57 | 8.03 |63.40]30.351 892 |60.73(43.75| 8.03 {48.22|50.89| 6.25 (4286
Moncenen 2232 625 |71.4331.25! 535 |63.40 | 15.17 | 11.60 | 73.23 { 21.42 | 17.85 | 60.73
Control 53.57 | 11.60 | 34.83 | 53.57 | 11.60 | 34.83 [ 57.14| 5.35 |37.5157.14] 5.35 {3751
LS.D.5% 0.368 { 0.183 | 0.216 1 0.173 | 0.253 | 0.298 | 1.032 [ 0.476 | 1.069 | 0.641 | 0.63 {0.949

ill- Side effect of the isolated bioagents on root system and

foliage.

The effects of seed and soil treatments with the bioagent candidates on root
and shoot lengths (cm) of cucumber and squash plants was measured after
30 days of sowing (Table 4).
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Table (4):Effect of seed and soil treatments with the bio agent
candidates on root and shoot length {cm) of cucumber and
squash plants after 30 days of sowing under field conditions
at two successive years.

2000 2001
1 Cucumber Squash Cucumber Squash

Bioagents Root | Shoot | Root | Shoot | Root | Shoot | Root Shoot

length | length | length | length | length | length | length | length

(fecm) | (fem) | ({cm) | ({cm) | {{cm)| (cm) (fcm) {cm)
T. hamatum 375 10.50 925 2400 | 450 | 1125 | 1025 2500
G. virens 4.00 10.00 725 2775 | 400 | 1050 825 2875
B. subfiis 350 850 775 2950 | 3.50 950 825 2875
Ps. Fluorescens 375 975 575 2600 | 425 | 1075 7.0 2700 |
Str. Sp. 3.00 7.50 575 2475 | 375 825 6.50 2575
Monceren 375 10.00 7.25 2425 | 475 | 1075 8.00 2525
Control 2.50 7.00 45 225 | 325 8.0 525 23.00
|L.S.D5% 14 27 38 48 1.75 38 16 45

Data in Table (4) showed that, no significant differences was found
in cucumber root length except at the year 2001 when the cucumber seeds
were treated with Gliocladium virens.

In case of squash, clear difference can be noticed. 7. hamaium was the most
effective treatment When squash seed were coated with Trichoderma
hamatum , the root iength reached 9.25 compared with 4.5 in the control
treatment at the year 2000 and 10.25 compared 5.25cm. in the control
freatment at the year 2001.

Concermning the side effect on the foliage of cucumber, little significant
difference was noficed at the year 2000, however no significant difference
was found at2001. In case of squash, similar data was found. No significant
difference was found except in the case of Gliocladium virens, since
significant increase in shot length was recorded. At the year 2001,
Gliocladium virens and Bacillus subltilis showed significant increase in squash
root length. Nc ftreatment showed bad effect on either root or the foliage of
both crops through the two successive year.

IV- Estimation of the isolated bioagent candidates for their biocontrol
potency against airborne diseases of cucurbits :
a- Downy mildew on cucumber

Results in Table (5) imply that all treatments were effective in reducing
disease severity through two siiccessive years except Streptomyces sp which
at the first year failed to show satisfactory control of the disease. Ridomil plus
fungicide was the most effective treatment. it resulted in 54.76 and 66.61% at
the year 2000 and 2001 respectively, compared with 45.23 and 59.62 %
resulted by T. hamatum at the two successive years. This disease reduction
was reflected on the yield. All the treatments resuited in significant increase
in the yield during the two years. This increase in the yield ranged from 4 ton/
feddan, produced by the untreated plots , and 7.66 ton/feddan produced in
plots treated with T. hamatum at the year 2000 and 7.00 ton/feddan in plots
treated with Ridomil plus.
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Table (5): Assessment of biological potency of the bioagents
candidates in controlling downy mildew disease on
cucumber and the yield compared with fungicides.

2000 2001

Pioagents % disease | Biocontrol | Yield/Feddan |% disease | Biocontrol |Yield/Feddan

severity efficiency % (ton) severity | | efficiency % (ton)
T. hamatum 11.50 45.23 7.66 10.28 59.62 6.82
G. virens 12.50 40.47 6.50 11.50 54.83 6.66
B. subtilis 13.16 37.33 6.30 12.30 51.68 6.56
PPs. Fluorescens 16.00 23.8 6.25 15.26 40.06 6.00
Strepfomyces sp. 21.50 0.00 6.00 19.36 23.95 5.75
Ridomil plus 9.50 54.76 6.75 8.50 66.61 7.00
Control 21.00 - 4.00 25.46 - 4.00
1..S.D. at 0.05 2.44 - 0.35 4.51 - 0.365

b- Powdery mildew incidence and yield of squash:

The biological potency of the candidate bioagents was assessed
under field conditions in controling powdery mildew disease on squash and
the yield compared with fungicides. The cbtained data are presented in
Table (6).The data in Table (6) indicate that, at the year 2000 all treatments
except P. fluorescens and Streptomyces sp. resulted in significant reduction
in the disease severity. Micronized sulphur gave the most effective freatment;
followed by T. hamatum then G. virens and G. virens. This reduction in
disease severity was combined with increase in the yield. The yield
increased from 7.250 tonffeddan resuifed from the untreated plots (confrol
treatment) to 10.68, 10.5, 10.32 and 10.26 in plots treated with Micronized-
sulphur, 7. hamatum, G. virens, and B. subtilis respectively. At the year
2001 similar data were obtained, except that, P. fluorescens in that year
resulted in significant reduction in disease severity. All the treatments
resulted in significant increase in the yield over the none treated plots. Plots
treated with Micronized-sulphur yielded 11.0 ton/ feddan compared with 7.5
ton from untreated plots. The yield of the other freatment ranged from 10.83
to 9.83 ton / feddan.

Table (6): Assessment of biological potency of the bioagents
candidates in controlling powdery mildew disease on
squash und the yield compared with fungicides.
2000

2001
Disease Treatment |Yield/Feddan | Disease Treatment | Yield/feddan

severity% | efficiency % (ton) severity% | efficiency % (ton)

12.50 47 91 10.50 1146 48.33 10.83

14.00 41.66 10.32 1343 39.44 10.45

14.50 38.58 1026 15.33 30.88 10.36

18.30 2375 9.80 17.40 21.55 10.00

Sp- 19.060 20.08 872 18.36 17.22 9.83

Micronized- sulphur 11.00 54.16 10.68 10.43 52.97 11.00
24.00 - 7.250 22.18 ~ 7.500

L.S.D.at0.05 5.80 - 0.307 4.10 0.659
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DISCUSSION

Saving the environment has become an obligate demand, therefore
minimizing the pesticides application is an international incumbency. For this
target substitution of the pesticides with other environment safely procedures
is a pressing goal.

Biological control of plant diseases can be a useful element to
minimize the use of fungicides. Sinc biological control depend upon the
multiplication and introduction of an organism in the ecosystem..A great
attention must be done to get positive results and to hinder any disruption of
the ecosystem. Finding bioagents originated from the Egyptian environment
is very important to save the Egyptian ecosystem and to insure the efficiency
and the continual of the control process. In this work, from a huge number
of isolates, isolated from the Egyptian soil, 5 bioagents were obtained .These
bioagents were identified as Trichoderma hamatum , Gliocladium virens,
Bacillus subtilis, Pseudomonas fluorescens and Streptomyces sp. These
isolates Proved to be antagonistic to Rhizoctonia solani, Pythium sp. and
Fusarium . sp. in vitro. Under field conditions, good control of soil borne
diseases of cucurbits was achieved as a result of these bioagents. Earlier,
Zhang, etal.; (1996) controlled successfully Fusarium colonization of cotton
roots and Fusarium wilt by seed treatments with Gliocladium virens and
Bacillus subtilis. At the same time Lewis et.al.. (1996) controlled damping-off
diseases caused by Rhizoctonia solani and Pythium ultimum with alginate
pills of Gliocladium virens, Trichoderma hamatum.El-Mersawy ( 2000)
Controlled downy mildew in maize caused by Peronosclespora sorghi with
Bacillus subtilus .

Since there was no standard method to asses the bioagent
antagonistic potency in vitro, specially in the case of non-spore former fungi;.
it was important to develop such method. The developed method based on
the calculation of the relative inhibition area, resulted from the interference
between the growth area of the pathogen and the antagonistic area of the
bioagents, referred to the whole pathogen growth area. This method is
adequate to non-spore former as well as spore former fungi., and can be a
good tool to calculate the antagonistic efficacy of such bioagents.

Applying the bioagent as seed coat resulted in higher reduction of
pre- and post-emergence damping off compared with applying them as soil
drench. That may due to that when the bioagents were used as seed coats,
the bioagent concentrated around the seeds forming protective parriers
around them. On the long run, with the repeated application of the bioagent,
the bioagent will establish in the soil, and in such case the two application
methods may gave the same results.

However, the fungicides proved to be more effective in controlling the
soil- and air-borne diseases of cucurbits, but risk assessment may accuse
the use of the bioagents. Further studies have to be done on the compatibility
between the bioagents and the fungicides which may lead to found out a
combination between a low dose of fungicide compatible with the bioagent
and can result in increase the efficiency of both of them.
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