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ABSTRACT

Two Tricoderma species (Trichodemma harzianum and T. album) as fungal
biocontrol agent and four bactenal strains (Pseudomonas cepacia, P. fluorescens,
Bacillus subtilis and Azotobacter chroococcum) were also tested for controlling some
sugar beet diseases, such as Cercospora leaf spots and root-rot.

Different application techniques were used. Cell suspension of the bacterial
biocontrol agent were tested as spraying on the foliar of sugar beet plants to contro!
Cercospora leaf spots disease caused by Cercospora beticola in the greenhouse and
field conditions. The fungal bioagents (7. harzianum and T. album) were also tested
against root-rot disease. Sugar beet seeds was coated with the spores suspension of
Trichoderma spp. by 24 hours before sowing. This technique was more effective than
soil infestation with Trichoderma spp. Also, the bacterial bioagents were used as cell
suspension with three concentrations (7 x 10%, 7 x 10° and 7 x 107 cells/mf) ‘against
Cercospora leaf spots of sugar beet under field condition. While, the  bacterial
bioagents used as wheat-bran preparation in three treatments (100, 200 and 300
g/plot) under field conditions in two seasons (2000/2001 and 2001/2002) to control
root-rot pathogens under greenhouse against root-rot and Cercospora leaf spot
diseases. We used bioagent in three ratios 1:1, 2:1 and 1:2 (Bioagent : Pathogen).
The control without bioagents

INTRODUCTION

Two strains of Trichoderma spp as fungal bioagents and four strains of-
bacterial bioagents ( Pseudomonas ¢ epacia, P. fluorescens, B acillus s ubtilis
and Azotobacter chroococcum) have been tested extensively as biocontrol
agents of plant diseases. T hese strains h ave b een p articularly effective for-
. controlling several soil borme pathogens (Kiewnick, 1998; Ventura, 1998 and
Weslien, 1999).

Also, Trichoderma spp. were applied as bioagents against some soil
borne pathogenic fungi (Lorito, 1998; Menendez, 1998 and Samasekhara,
1998). A zotobacter s pp. e specially A. chroococcum was used in controlling
root and stalk rot diseases of maize (Al-Laithy, 1996).

Many researchers reported that the a pplication of b acterial b iocontrol
agents (El-Sheshtawi and Dawood, 1988 and Ganonamanickam and Mew,
1992) as Pseudomonas spp. were very important to reduce the percentage of
some sugar beet diseases (Mosa et al, 1997). In this investigation, sugar
beet plants, Oscar variety, sprayed with bacterial suspension (Leben, 1985 &
1995) to control Cerospora leaf spots disease caused by Cercospora beticola
in the greenhouse and field conditions.
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Cercospora leaf spots (CLS) has become more difficult to control
because of the occurrence of fungicide resistance / tolerance'in the pathogen
population, and the potential loss of fungicides due to regulatory action of the
environmental. The bacterial biocontrol agents can produce chitinase and
gave direct antibiosis in vitro against C. beticola (Kiewnick, 1998).

MATERIALS AND METHODS

1. Source of Pseudomonas spp. isolates:

Sample of different soils were collected from different locations in
Dakahlia governorate, Egypt. The soils sample were homogenized and serial
dilution up to the concentration cell per ml (7 x 10°) were prepared, in which
0.1 mi of each dilution was plated into 4 replicates on plate agar. This was
made -following the standard dilution plating technique. Different types of
bacteria colonies were transferred to nutrient agar (NA) slant as pure culture
for further studies.

2. Characterization and |dentrf‘ cation of Pseudomonas isolates under
testing:

Gram strain reaction and cell morphology were observed on colony
grown on nutrient agar slant for 24 hours at 28°C. The identification test was
determined following the procedures given by Schaad (1980). Celis
dimension were measured using the ocular micrometer attached to the eye
piece of the microscope.

3. Isolation and identification of Azotobacter chroococcum:
It were made by subculturing a representative number of Azotobacter
" isolates differing in their cuitural characteristics as for as possible, from the
- characteristic positive tubes. A loop of Azofobacter growth (pellicle) was
transferred to N-free slant agar. The obtained pure Azotobacter isolates were
characterized' according to the methodology described by Sherman (1967)
and Norris & Chapman (1967). Then identified on the basis of Buchanan and
Gibbons (1974) keys.

4. Isolation of Trichoderma spp.: : '

T. harzianum and T. album were isolated from sugar beet rhlzosphere
by dilution plate technique on pepion-dextrose rose-benegal agar (Martln
1950).

5. Isolation, purification and identification of (Cercospora beticola
Sacc.):

The infested leaves of sugar beet cultlvars i.e. Pamela, Top, Pleno,
Oscar and Gloria were carefully washed with tap water and kept between two
filter papers for 24 hours. Small pieces of infected leaves showing lesions
were cut and surface sterilized in sodium hypochlorite solution 5% for 2-3
minutes -then washed twice with sterile distilled water, dried between two
sterilized filter papers and then transferred into Petri-dishes (6 leaf spots /
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Petri-dish) containing sugar beet leaves extract amended with containing 1.0
mg streptomycin / lire or potato dextrose agar (PDA). The Petri dishes were
incubated at 23+1°C and funga!l growth was daily observed. The fungal
growth was examined microscopically and purified using the single spore
and/or hyphal tip techniques. Colony characteristics, spore morphology were
described and identified by the Department of Fungal Taxonomy, Plant
Pathology Research Institute, Agricultural Research Center, Giza, Egypt.

6. Isolation of the causal organisms of sugar beet root-rot:

Four virulent fungi typically isolated from rotted sugar beet roots, i .e.
Fusarium oxysporum, Rhizoctonia solani, Sclerotium rolfsii and Pythium
altimum were grown on BSP medium (Abada, 1980).

7. In vitro test to isolates of the bacterial bioagents:

The bacterial isolates obtained from different samples of soil
rhizosphere of sugar beet varieties were screened for their antagonistic of the
two diseases under study. This test was done in the laboratory using dual
agar culture as mentioned by Thompson and Burns (1989). Isolates of
bacteria were individually tested for their abilities to inhibit the mycelial growth
of the pathogenic fungi at 28°C. Antagonism between mycelial growth. of
pathogenic fungi and each bacterial isolated was assessed after seven days
of inoculation by measuring the mycelial growth diameter of the pathogen in
comparison of the diameter of the fungus alone served as control (Tabies 1
and 2).

Oscar variety of sugar beet was used and two strains of Pseudomonas
species (P. cepacia and P. fluorescencs). One specie of B. subitilis and one
specie of Azotobacter spp. (A. chrococcum) were used in this study. The four
bacterial biocontrol agents are considered to be the most promising
pathogens antagonist, which inhibited mycelial growth of some important soil
borne pathogenic fungi, Sclerotium rolfsii, Rhizoctonia solani, Fusarium
oxysporum and Pythium aftimum. The cells of bacteria bioagents were
harvested by centrifugation (20000 g 4°C, 10 minutes) and transferred to
special liquid media.

The tested pathogens were maintained on potato dextrose agar (PDA)
7 days at 25°C (Thompson and Burns (1989). After 10 days at 25°C mycelial
growth were broken up. Plates were incubated on laboratory bench at 25°C
temperature. After two weeks, a5 mm mycelial p lug taken from an activly
growing colony of the pathogen was placed apposite the bacterial colony at
the outside edge of each section of the Petri-dish. Colony growth measured
from the outside edge of the Petri-dish to the leading edge of the colony of
the pathogen

8. Greenhouse experiments:

A pot expenment was conducted at the greenhouse of corn and Sugar
Crops Research Dept., Agric. Res. Cent., Giza during season 2001. Seeds
Oscar variety were sowing in pots of 30 cm diameter filled with sandy loam
soil (10 kg/pct) at a rate of 4 seeds / pot thinned to one seedling / pot after 30
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days. The single plants were sprayed with the cell suspension of the bacterial
bicagents with the concentration ( 7 x 10° cell/ml) every 15 days.

Inoculum of T. harzlanum and T. album was prepared on sterilized
wheat bran in 250 mi glass bottles, while inocula of the pathogenic fungi were
prepared individually on barley grain. Fifteen-day-old cultures of the
antagonist and of each pathogen were used for the infestation of sterilized
soil 7 days before sowing. Inoculum of each pathogen was applied at the rate
of 2% of soil weight. While, the inoculum ratio of the bioagent : pathogen
were 1:1, 2:1, 1:2 (wiw). Soil uninfested with the biocontrol was used as
control treatments. The root-rot incidence was reccorded. Disease severity
index (DSI) was based on the scale described by Grainger (1949) was used.

9. Field experiment:

The effect of Trichoderma spp. under test as wheat bran preparation on
root-rot of sugar beet were studied under field conditions with mature plants
in infested soil during two successive seasons (2000/2001 and 2001/2002) at
the farm of Tag EI-Ezz Research Station, Dakahlia governorate, Egypt.

“The trial was laid out in a randomized block design with three replicates
and a plot size of 1/400 feddan (10.5 m?). Inoculum of Trichoderma spp.
under study was prepared as described before. The inoculum of Trichoderma
spp.-was applied on the day of sowing Oscar seed variety were sown and
covered with wet soil. Inoculum was 100, 200 and 300 g/plot. All normal
cultural practices were followed. At harvest, { 180 d ays a fter s owing) p lants
were uprooted and examined for disease symptoms. Percentage of root-rot
incidence and disease severity were recorded.

10. Statistical analysis: :

Data were statistically analyzed according to the methods described
" by Gomez and Gomez (1984) and Snedecor and Cochran({1988). Treatments
mean were compared by using LSD test at 0.05 level of probability. ~

RESULTS

1. In vitro inhibition of the main pathogens by the bacterial biocontroj
agents:

All species of Psedomonas, B. subltilis and A. chrococcum under study
inhibited the growth of the causal organisms in vitro compared with control. P.
fluorescens was effective for controlling the causal organisms of root-rot
disease more than P. cepacia when the density of cell suspension was (7 x
10° celimi). B. subtilis gave the best effective compared with others
bicagents and control (plats without bacteria) or untreated with biocagents
(Tables, 1 and 2). A. chrococcum was the latest in inhibition of all pathogenic
growth. .

Trichoderma spp. used as a fungal biocontrol agents had been grown
faster than each of all pathogenic fungi. 7. harzianum especially gave the
highest effect against F. oxysporum, while the lowest effect was against P.
aftimum (Table 1 and 1a}.
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Table 1. Antagonistic effect between biocontrol agents and sugar beet root-rot pathogenic fungi under laboratory

conditions.
iocontrol agents T. T. P P. B A Control***
harzianum - album fluorescencs cepacia subtilis chroococcum
o Pathogen radial growth in cm and inhibition % : CRG™** 1 |nh.**
PRG" | Inh.** | PRG* | Inh.** | PRG® | |nh.** | PRG* | |nh.** | PRG" | |nh.** PRG* | Inh.** %

Pathogenic fungi % % % % % %
P. altimum 5.0 66.66 57 62.00 7.6 49.33 7.0 53.33 6.0 60.00 10.3 | 31.33 15.0 0.0
F. oxysporum 7.6 49.33 8.0 46.66 8.3 44,66 7.5 50.00 7.0 53.33 | 11.2 | 32.00 15.0 0.0
R. solani 9.9 34.00 8.3 44.66 8.7 42.00 9.0 40.00 7.3 58.00 10.6 | 29.33 15.0 0.0
S. rolfii 10.3 | 31.33 9.6 36.00 9.2 38.66 9.5 30.00 9.7 35.33 11.4 | 24.00 15.0 0.0
LSD at 0.05 7.3 30.6 6.0 32.40 7.8 35.60 6.7 7.80 7.6 33.70 6.6 32.3 0.0 0.0

*  PRG = Pathogen radial growth.

** Inh. = Inhibition in pathogen growth caused by the antagonist compared with control %.
*** Control = Treatment without bioagent.
**** CRG = Control radial growth.
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2. Greenhouse experiments:

In general, the fungal and bacterial biccontrol agents reduce the
incidence of root-rot and cercospora leaf spots diseases caused by the
pathogens tested uhder study. Data of these diseases and disease severity
were recorded in Table (3 and 4).

Table(2): Antagonistic effect between biocontrol agents and cercospora
ieaf spots of sugar beet plants under laboratory conditions.
Biocontrol Radial growth Inhibition

Biocontrol agents agents / in Petri dish (%)
pathogen ratio {cm)*™

T. harzianum 1:0 0.00 100.0
1:1 5.00 66.66
, 2:1 3.00 80.00
Control* 0:1 12.00 20.00
LSD at 0.05 4.60 50.60
T. album 1:0 0.00 100.0
1:1 5.00 60.00
2:1 3.50 76.66

Control 0:1 14.00 6.66
LSD at 0.05 : ) 5.3 40.60
P. fluorescens 1:0 0.00 100
1:1 5.00 66.66
2:1 2.90 80.00
iControl 0:1 13.30 11.33
LSD at 0.05 5.70 50.00
P. cepacia 1:0 0.00 100.0
1:1 6.70 49.33
2:1 2.80 81.33

Control 0:1 - 14.20 5.33
LSD at 0.05 - 4.80 60.70
B. subtilis 1:0 0.00 100.0
1:1 7.00 53.33
2:1 3.20 78.66

Control 0:1 13.60 9.33
SD at 0.05 5.30 60.30
A, chroococum 1:0 0.00 100.0
1:1 6.70 55.33
2:1 3.30 78.00
Controt 0:1 12.80 14 66
1.SD at 0.05 ) 3.80 60.90

“ Control = Treatments without biocontrol agents.
** Radial growth of the causal organism (Cercospora beticola).
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Table 3. Effect of biocontrol agents on sugar beet root-rot pathogens
under greenhouse conditions.

Sugar beet root-rot pathogen fungi
Biocontrol | Bio.* S. R. F. oxysporum P.
agents Path. rolfsii solani altimum
, ratio | (%) DSl (%) DSI | (%) DSl | (%) | DSI
T. harzianum
: 1:1(450 )] 3.1 |3866| 2.7 | 352 | 28 | 406 | 2.8
2:1|1170] 05 {15690 04 | 163 | 04 | 148 | 1.2
1:2 | 600 47 | 5517 33 (500 | 38 (579 | 44
IControl* : 887 | 72 | 920 | 80 | 900 | 7.3 |940 | 8.1
LSD at 0.05 5.6 07 1620 ] 06 | 34 0.7 34 04
T. album
1:1] 486 | 3.3 [ 3650 ) 23 | 50.7 | 3.1 | 46.0 | 3.0
2:1]1 190 ( 0.7 | 1733 | 49 | 188 | 0.7 | 180 | 0.6
1:2| 670 | 50 (6012 | 36 | 700 | 60 | 73.0 | 5.0
Control 905 | 75 93.0 74 1890 | 73 | 900 ]| 75
LSD at 0.05 5.1 0.8 6.30 0.5 34 0.7 3.9 0.3
iP. fluorescens .
1:1 | 59.0 | 3.9 40.0 26 | 367 | 24 | 406 | 24
2:1) 180 | 0.7 12.0 14 (178 | 06 | 203 | 0.8
1:2 | 650 ( 5.2 70.0 6.0 | 727 | 7.0 | 706 | 6.1
Control 970 | 83 90.0 70 {950 | 76 | 900 | 7.0
LSD at 0.05 4.9 0.8 7.0 07 | 32 0.7 42 | 0.3
P. cepacia
1:1] 550 ( 3.2 60.0 40 | 408 | 23 | 480 | 3.2
2:1| 178 | 06 20.6 09 | 140 (| 03 | 303 | 1.9
1:2]1 680 | 5.0 70.3 61 | 756 | 70 | 779 | 54
Control 96.0 | 8.1 92.3 73 | 900 | 80 | 90.7 | 7.6
LSD at 0.05 59 0.8 7.1 0.6 4.0 6.7 4.2 0.4
B. subtilis : S
1:1| 570 | 44 50.0 30 | 457 | 31 | 470 | 3.2
2:11170 | 06 140 03 | 153 ] 03 | 180 | 0.6
1:21 700 | 55 72.0 68 | 750 | 6.8 | 77.0 | 5.7 -
Control 95.0 | 82.0 | 90.7 73 | 950 | 83 | 900 | 7.3
LSD at 0.05 5.7 0.8 5.6 0.7 3.8 6.3 5.3 04
Azotobacter ) :
ichroococum 1:1] 760 | 52 70.6 6.1 | 600 | 3.0 } 703 | 6.1
2:1| 440 | 3.0 50.4 31 | 554 | 40 | 503 | 31
1:21 750 | 0.2 60.3 36 | 700 | 54 | 606 | 3.7
Control 98.0 | 8.6 93.0 74 | 903 | 71 | 950 | 83
LSD at 0.05 6.2 0.8 4.7 0.7 4.6 0.6 3.3 0.4

* Bioagant pathogen ratio.

Field experiment:

Data in Table (5 and 6) mducate that all inoculum levels of fungal or
bacterial biocontrol agents tested gave significantly reduction to root-rot and
cercospora leaf spot diseases. Disease incidence and severity were
increased by increasing the inoculum dose. Trichoderma spp. were more
effective in ¢ ontrolling r oot-rot when field soil was infested with wheat bran
preparation (300g/plot), but the 200g/plot was the middile and 100g/plot was
the latest (Tables 5, 6 and 7) in the two seasons.
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Pseudomonas spp., B. sublilis and A. chrococcum were different in the
effect according to concentration of cell suspension (Table 4) and total count
of the cells per cm® or mi. The inoculum (7 x 1 09) cells per ml was the best
and more effective in reduce the diseases or controlling diseases under study
comparing with controi.

Table 4. Effect biocontrol agents on (Cercospora leaf spots} caused by
C. beticola of sugar beet plants under greenhouse conditions..

Biocontrol Disease Disease
Biocontrol agents agents / _incidence severity
pathogen ratio (%)™ Index**
T. harzianum 1:0 00.00 00
. 1:1 50.10 3.1
2:1 11.60 1.4
Control* 0-1 75.90 56
LSD at 0.05 4.70 07
T. album ' 1:0 00.00 0.0
1:1 53.70 36
2:1 12.80 1.5
Cantrol 0:1 80.44 56
LSD at 0.05 4.20 0.6
P. fluorescens 1:0 00.00 0.0
1:1 55.40 3.4
2:1 13.90 1.6
Controi 0:1 95.00 84
LSD at 0.05 4.11 0.6
P. cepacia 1:0 00.00 - 0.0
1:1 43.00 3.0
2:1 13.00 1.6
Control 0:1 93.40 74
LSD at 0.05 3.80 0.7
B. subtifis 1:0 00.00 0.0
1:1 57.12 3.6
2:1 12.27 1.5
Control 0:1 1 9210 7.0
LSD at 0.05 3.14 0.7
A, chroococum 1:0 00.00 0.0
11 - 60.16 3.7
2:1 6.70 0.1
Control 0:1 95.10 84
LSD at 0.05 4,50 0.6

* Control = Treatinents without biocontrol agents.
** Disease incidence % of the causal organism (Cercospora beticola).
** Disease severity of the causal organism (C.b.)
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Table 5. Effect of biocontrol agents on sugar beet root-rot pathogens
under field conditions during 2000/2001 season.

: Wheat Sugar beet root-rot pathogen fungi
Bioagents bran S. R. F. P.
(g/plot)* rolfsii solani oxysporum altimum
Perc. | DSI*™* | Perc. | DSI | Perc. | DSI Perc. | DSI
. (%) (%) (%) (%)
T .

harzianum 100 7.30 1.70 7.50 1.30 5.70 0.98 4.00 1.25
200 3.30 0.85 3.90 | 0.80 1.77 0.76 1.39 0.27
. 300 120 | 014 | 160 | 0.40 | 0.20 0.30 0.80 | 0.16
Control* - 13.60 | 3.70 | 11.00 | 3.40 8.72 1.80 8.16 2.40
1.SD at 0.05 . 4.30 0.70 5.30 | 0.60 5.30 0.50 6.00 0.30
T. album 100 8.60 1.90 8.60 170 | 6.60 1.33 5.60 | 0.97
200 4.00 0.95 3.4 0.80 2.75 0.67 2.50 0.66
300 1.80 0.21 170 | 0.70 1.90 1.69 1.77 0.76
Control 13.0 3.7 9.30 1.66 | 13.40 3.72 13.10 | 3.70
L.SD at 0.05 3.80 0.60 520 | 050 | 6.10 0.60 5.00 0.30

. fluorescens 100 8.40 175 | 7.1 1.20 | 6.70 1.60 524 | 0.95
200 360 ( 082 | 3.00 [ 0.81 | 291 0.74 1| 230 | 0.62

Control 300 220 | 075 | 211 | 020 | 230 0.76 200 | 0.21
L.SD at 0.05 13.00 | 3.20 | 13.60 | 3.22 | 1260 | 291 13.90 | 3.79
390 [ 060 | 530 | 040 | 6.10 0.70 6.00 | 0.40

P cepacia 100 | 933 | 200 | 833 | 1.72 | 7.30 | 126 | 612 | 1.22 |
200 | 400 | 096 | 460 | 095 | 475 | 090 | 400 | 0.60
300 | 300 | 072 | 360 | 077 | 300 | 070 | 370 | 0.81

Control 13.60 | 3.78 | 12.00 | 3.30 | 1294 | 3.00 | 12.00 | 2.93
LSD at 0.05 3.00 | 0.70 | 6.00 | 040 | 6.00 | 0.80 | 7.30 | 0.40
8. subtilis

100 972 | 1.77 | 9.33 | 210 | 830 1.75 760 | 1.30
200 444 | 091 | 433 | 089 | 411 | 065 4.00 | 0.60
300 311 | 085 | 299 | 0.73 | 2.80 0.79 260 | 0.76
Control 1216 | 298 | 1314 | 3.70 | 1465 [ 3.90 | 13.22 | 3.72
LSD at 0.05 480 | 080 | 7.00 | 0.70 | 7.00 0.70 8.10 | 0.30
lA. chroococum

100 | 1000 | 190 | 972 | 230 | 800 | 160 | 760 | 1.32
200 | 600 | 095 | 416 | 099 | 392 | 099 | 316 | 0.80
Control 300 | 566 | 092 | 200 | 073 | 211 | 020 | 200 | 0.21
L SDat0.05 | 1260 | 2.95 | 1300 [ 320 | 13.70 | 12.96 | 12.96 | 2.95
500 | 030 | 630 | 060 | 710 | 7.30 | 7.30 | 0.40

* Wheat bran Preparation of bicagents (g/plot}, Plot = 17400 feddan = 10.5m”
** DSI = Disease severity index according Grainger (1948). . .
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Table 6. Effect of biocontrol agents on sugar beet root-rot pathogens
under field conditions during 2001/2002 season.

Wheat Sugrzibeet root-rot pathogen fungi
Bioagents bran S. R. F. P,
| (gipioty* rolfsii solani oxysporum | aftimum
Perc. | bsi* | Perc. { DSI { Perc. | DSl | Perc. | DSI
(%) (%) (%) (%)
T. harzianum '
100 833 | 180 | 960 ;240 ) 9.80 ) 1.78 ] 6.80 | 1.33
200 460 10931 420 1081 3.90 | 080 3.00 |0.72
300 180 | 015 | 260 |0.78 ]| 230 {075 1.98 | 0.18
Control” 146 | 3.80 13.8 378 13.0 | 320 146 | 3.78
L.SD at 0.05 520 | 0601 7.00 |0.50] 5.00 | 0.60 | 6.00 | 040
T. album 100 877 | 1.70 | 980 |1.78 ]| 732 (126 7.35 ; 1.27
200 410 | 096 7 390 {0807 3.16 | 0.84 | 3.16 | 0.84
300 2301075 260 )0.76| 200 (020 215 | 0.74
Control 1145 [ 377 ] 134 (377 140 [ 372 146 {378

LSD at 0.05 480 1 060 { 630 {0501 480 050 | 500 | 0.30
IP. fluorescens '

100 8.00 | 160 | 7.50 ¢ 1.301 600 {130} 6.30 |1.20
/200 295 10831 200 [0.20] 3.22 ;086 3.12 | 0.83
300 250 [ 077 ) 3.00 072 199 | 016 1.86 ; 0.15

Control 146 | 3.75§ 140 [3.72 | 13.8 13.78 | 146 ) 3.75
LSD at 0.05 4.00 1050 | 460 ;040 ) 460 ] 050 ) 6.30 | 0.30
[P. cepacia 100 930 ;1.77 | 816 | 1.78 ] 730 [ 148 710 [ 1.20

200 400 |09 | 422 [ 091§ 3.60 {090} 3.00 ; 0.72
300 360 [ 08210 355 ;091 340 090 200 | 0.20

[Control 14.10 ) 3.73 1 13.72 { 3.77 | 135 (3.76 | 145 | 3.77
SD at 0.05 500 | 050 590 |050( 430 {0680 6.00 | 0.40
B. sublilis

100 9.20 | 1.76 | 9.00 {189 | 8.77 {1.70| 7.60 | 1.30
200 410 {096 410 [ 096 560 | 091, 460 092
300 362 092 277 10794 3.75 ]092{ 2.16 [ 0.73
Controt 13.6 | 3.78 ] 13.33 1 3.75{13.22 1 3.7t { 130 |3.20
LSD at 0.05 6.00 | 0.50 ¢ 6.00 (060! 4.00 {1 0.60) 580 ) 040
. chroococum

100 110.20)] 193] 900 {175 10.66|1.95{ 9.30 | 1.77
200 700 {1181 400 {0851 3.16 {0.73 ] 3.09 ) 0.73
Control 300 500 ! 0901 260 | 0.76 | 2.27 | 0.74 ] 2.10 { 0.74
LSD at0.05 14.2 | 3.74 | 13.7 [ 3.79 {12.87 1 2.96 | 13.17 ) 3.21

0.40 1 800 10501 4.60 ; 0.60] 5.80 ] 0.50
* Wheat bran Preparation of bioagents (g/piot), Plot = 1/400 feddan = 10.5 m®
** DSi = Disease severity index according Grainger (1949).
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Table 7.. Effect of biocontrol agentson s ugaf b eet c ercosporal s pots
caused by C. baticola of sugar beet (Beta vulgaris, L.) under
field conditions during two seasons.

Biocontrol Conc. of Cercospora leaf spots caused by C.
agent Spraying beticola
suspension 1™ season 2™ season
(2000/2001) (2001/2002)

Perc. % DSI Perc. % DS

T. harzianum _
25.00 2.70 23.30 2.10
20.00 2.00 19.60 1.60
Control* 5.00 1.00 4.30 1.00
LSD at 0.05 : 38.00 3.00 36.00 3.00
15.0 | 0.90 15.60 0.40

WN =

T. album 1 - 22.00 2.00 26.00 2.30
2 18.00 1.70 1760 1.60
3 4.00 1.00 3.80 1.00
Control 35.00 3.00 38.00 3.00
LSD at 0.05 14.00 0.80 16.22 0.60
P. fluorescens )
1 27.00 2.40 25.30 2.80
2 19.60 1.30 18.00 1.70
Control 3 4.70 1.10 4.20 1.00

LSD at 0.05 33.00 3.00 4.20 3.00
13.20 0.90 15.33 0.60

P. cepacia 1 23.00 2.00 26.10 2.60
2 "17.60 1.30 16.70 1.20
3 - 3.30 1.00 4.20 ' 1.00
Control : 34.00 3.20 44.00 4.00
L. SD at 0.05 11.20 0.90 16.10 0.50
B. subtilis 1 27.00 | 2.70 28.60 | 2.50
2 20.00 1| 2.00 14.70 1.30
3 ‘ 3.90 100 || 5.30 1.00
Control . 35.33 3.10 |  32.30 3.00
L SD at 0.05 : 13.60 0.90 16.00 0.50
A, ’
chroococum 1 32.00 3.10 33.16 | 3.10
2 17.00 1.20 16.20 1.50
3 3.60 1.00 390 1.00
Control - 4010 4.00 44 .20 4.20
SD at 0.05 - : :

1=1(7 x 10" cells/ml).
2=1 (7 x 10° celis/ml).
3 =1 (7 x 10° cells/ml).
Control* = Spraying with water.
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DISCUSSION

Application of biocontrol agents in controlling plant pathogens gave the
most effective and safety, because the application of fungicides to control
pathogenic fungi is expensive and causes environmental pollution. Therefore,
effective and safe methods have been considered in the last few years
(Mathur and Saebhoy, 1978; Upadhyay and Mukhopadhyay, 1986 and
Grandona et al., 1993) against soil borne pathogenic fungi especially S.
relfsii. Trichoderma spp. use also against R. solani (Wu, 1980). Culture filtrate
of Trichoderma spp. suppressed the mycelial growth of F. solani and F.
oxysporum (Khalifa, 1993). Trichoderma spp. were able to parasite many
soil-borne pathogens (Upadhyay and Mukhopadhyay, 1986), and able to
produce inhibitory substances retarding the growth of pathogenic fungi
(Dennis et al., 1971 a and b, and Wu, 1980).

- The effect of the bacterial biocontrol agents in protection of crop plants
may involve antagonism as resuit of this production of secondary metalsolites
or extra cellular iytic enzymes (Cook, 1963). Also, Kiewnick et al. (1998)
reported that the ability of controlling Cercospora leaf spots caused by
Cercospora beticola by Pseudomonas spp. and other bacteria may be due to
production chitinase and 1, 3 glucanase and direct antibiosis against
Cercospora beticola, which attack the foliar of sugar beet piant.

~ Azotobacter chrococcum was used as biocontrol agent (Al-Laithy,
1996) to control root and stalk rot disease of maize.

Bacillus subtilis was used against potato diseases (Schmiedeknecht,
1998) reported that Rhizoctonia solani was controlled by different strains of
Bacillus subtilis in greenhouse and field conditions.
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