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ABSTRACT

Wu, W. S., 1992. The application of bioagents to control Rhizoctonia solani and other soil-borne plant
pathogens. Plant Pathol. Bull. 1:1-12.

Besides Bacillus cereus, Trichoderma pseudokoningii and T. viride which.are known antagonists to
Rhizoctonia solani, T. koningii (isolate #98), T. harzianum (isolate #136), and Penicillium sp. (isolate
#100) were isolated from composted swine manure (CSM) and identified to be antagonistic to R.
solani, Phytophthora capsici, Pythium aphanidermatum, and Pythium spinosum on five different
cultural media. B. cereus survived well in CSM when it was dried, grounded and stored at room .
temperature for nine months, but antagonistic Trichoderma spp. declined to about one percent of the
initial amount, like powder-formulated B. cereus and Trichoderma spp. A suitable inert material in
the powder formulation was kaolin which was selected from eight different inert materials. Although
B. cereus and Trichoderma spp. survived well in alginate beads, the beads shrivelled and dried out
after storage for 3 to 5 months at room temperature. The CSM-formulated antagonist was used for
treatment of soil. The powder-formulated antagonist was used for treatment of seed and tissue. Soil
treated with 0.1% T. koningii increased the survival rate of mungbean when the population of R.
solani was 26 propagules/g soil in pot, but not when the population of R. solani was 32 propagules/g
soil in the greenhouse and 54 propagules/g soil in the field. Although soil treated with B. cereus was
unable to increase the survival rate of mungbean when R. solani was 28 propagules/g soil in the
greenhouse, the yield of cultivar 1628 increased significantly when the population of R. solani was 54
propagules/g soil. Mungbean seed treated with B. cereus had a significantly greater rate of survival
than the control in both the greenhouse and the field where R. solani were present. B. cereus
controlled root knot and the disease complex caused by Meloidogyne incognita and R. solani on
tomatoes in pots and chrysanthemum stem rot significantly in field. It also helped chrysanthemum
cuttings to produce normal root systems even better than the effects of the combination of benomy!
and 0.19% NAA. Soil treated with T. koningii or T. harzianum increased the survival rate of cucumber
and muskmelon when the soil was infested with P. capsici, P. spinosum or P. aphanidermatum,
whereas soil treated with T. viride, T. pseudokoningii or B. cereus increased the survival rate of
tomatoes, hot and sweet pepper when soil was infested with P. aphanidermatum. Except for B. cereus,
the effectiveness of seed treatment with T. viride or T. pseudokoningii to protect tomatoes, hot and
sweet pepper from infection by P. capsici and P. aphanidermatum was in consistent. The potential of
applying CSM-formulated bioagents to control soil-borne plant pathogens was worthy of exploration.

Key words: soil-borne plant pathogen, biological control, Rhizoctonia solani, Phytophthora capsici,
Pythium aphanidermatum, Pythium spinosum, mungbean, chrysanthemum, cucumber,
muskmelon, tomatoes, peppers, composted swine manure, soil and seed treatment.

INTRODUCTION used to control this pathogen (28,33).

Because of

Rhizoctonia solan/ kiihn is an important plant
pathogen distributed world-wide (19,33). It has a wild
host range and causes losses of many economic crops.
This pathogen survives in soil effectively and is difficult to
be eliminated. Chemical control is commonest method

limitations of use of fungicides, other control methods
have to be developed. Physical methods, eg heat
treatment, and cultural method, e.g. using resistant variety,
are not used commonly and soundly to control R. solani,
However, the existence of high potential to apply natural
microorganisms successfully to control this pathogen have



2 Plant Pathology Bulletin Vol. 1(1) 1992

been demonstrated (6,21,31,34). Biocontrol has many
advantages compared to use of fungicides (7). Based
upon the standpoints of environmental protection,
endurance of controlling measures, food safety, time and
cost of developing new chemicals, etc., biocontrol is
regarded as a major replacement of chemical control,
especially in developed countries in coming decades.
Although the population of R. solani in the field fluctuates
(26), it exists widely in Taiwan and causes many diseases
of diverse crops, e.g. rice, sorghum, corn, vegetables,
flowers and turf (3,20,24,27,29,30,32). R. solani is able to
infect a plant with other pathogens simultaneously or
consecutively. For examples, lily root rot is caused by
Fusarium oxysporum Schlechtend, Pythium spinosum
Sawada apud Sawada and Chen and R. solani (3).
Tomato roots are infected by Meloidogyne incognita
(Kofoid and White) Chitw. and R. solani (22). Other
important soilborne plant pathogens, e.g. Pythium
aphanidermatum (Edson) Fitzp., Pythium spinosum (10)
and Phytophthora capsici Leonian (2,12,15), well known in
Taiwan, may infect crops with R. solani in the same field.

Each of Bacillus cereus Frankland and Frankland,
Trichoderma harzianum Riai, T. pseudokoningii Rifai, and
T. viride Pers. ex S. F. Gray is antagonistic to R. solani
and able to control chrysanthemum stem 1ot (34), pea (6)
and soybean (31) seedling damping-off, and potato black
scurf (4). Although these antagonists have been tried on
several of these crops, the availability of these antagonists
to control R. solani from other, different crops and other
important soilborne plant pathogens need to be evaluated.
When one applies these antagonists, suitable formulation
of these antagonists also needs to be developed. Beyond
these antagonists, other effective antagonists needed to be
isolated and screened because each different
microorganism had an ecological niche in which it could
achieve its best ability to control of the studied pathogens
if they were present in the same field. As R. solani exists
commonly with other plant pathogens in soil, the
effectiveness of a bioagent to control the disease complex
is worthy of investigation.

MATERIALS AND METHODS

Isolation and screening of antagonists

Composted swine manure (CSM) was collected from
Department of Animal Science of National Taiwan
University and from Tao-Yuan County (#k B ¥ ).
Various microorganism were isolated by means of the
dilution-plate method on nutrient agar, potato dextrose
agar and glucose-asparagine agar. An agar disc of R.
solani used as a bait was buried in CSM and incubated.
The lysed hyphae of R. solani were picked up under a
microscope and transferred to a potato dextrose agar plate
or to a series of sterilized distilled water for purification.

Isolated microorganisms were dual cultured with R.

solani, P. capsici, P. aphanidermatum or P. spinosum on
glucose-asparagine agar, King's B medium, nutrient agar,
potato dextrose agar and soil extract agar. The
microorganisms were selected when they showed the
ability to inhibit or overgrow the growing pathogens under
test. The selected microorganisms were again
concomitantly cultured with these pathogens at the center
of agar plates to test their ability to compete with or to
inhibit the tested pathogens on those five different media.
Each test had five replicated.

Tested antagonists and plant pathogens

Besides the isolated and selected antagonists, B.
cereus, T. pseudokoningii and T. viride, previously as
identified antagonists to R. solani, were used in this work.
R. solani was isolated from diseased chrysanthemum
cuttings and mungbean seedlings which we collected from
Yuan-Lin ( 8#K) and Shan-Hwa (#1bk), respectively. R.
solani was identified to be AG-4.

All selected antagonists and R. solani were cultured in
potato dextrose agar slants and stored at 5 C before
testing. R. solani was cultured in potato-sand medium (50
g chopped potato and 500 ml sand) and used as inoculum
when bioassay was carried out. P. capsici was isolated
from diseased pepper. P. aphanidermatum and P.
spinosum were isolated from diseased bean seedlings and
lily bulbs, respectively. These fungi were cultured on V-8
agar for 7 days at 28 C. Zoospores of these two fungi
were released after the mycelial mat was placed at 5 C for
30 min and removed to room temperature afterwards.
However, P. aphanidermatum grew much faster than P.
capsici. Zoospores were collected and used to infest the
field soil when bioassay was needed, but sporangia were
used for P. spinosum.

Production and formulation of bioagents

T. harzianum, T. koningii and Penicillium sp. isolated
from CSM and B. cereus, T. pseudokoningii, and T. viride
were pure cultured in sterilized CSM at 24 C for one
month during which the CSM was completely colonized by
the cultured antagonists. Then these CSM was air-dried,
ground, and sieved through 10-mesh sieve. It was stored
in glass jars at room temperature and 5 C and used for
soil treatment. The survival of B. cereus, T.
pseudokoningii, T. viride was tested each month for nine
months.

B. cereus was liguid fermented in potato dextrose
broth and T. pseudokoningii, T. viride were liguid
fermented in the medium formulated by Papavizas et al.
(21), respectively. The biomass of these antagonists was
collected by centrifugation and dried by lyophilization.
Bagasse, kaolin, bentonite; volcanic ash, chitin, talc,
attapulgite or potato starch used as inert meterial was
mixed with these harvested antagonists. They were stored
at under room temperature. The suitable inert material
was determined by measurement of the viability of the



antagonist which was mixed with one of these inert
material each month and this test endured nine months.
Alginate bead was prepared by following the procedure
developed by Fravel et al. (15), but 1% skim milk or 1%
V-8 juice was added in this study. To delay the drying of
these beads, 1 or 5% glycerin was supplemented in the
bead. The viability of antagonist was determined by a
count of the colony-forming units (cfu) on a specific
cultural medium when beads were ground, diluted and
plated out on agar plate. Beads were stored at both room
temperature and 5 C. The cultural medium used to
determine B. cereus was nutrient agar supplemented with
100 ppm streptomycin as a streptomycin resistant strain of
B. cereus was used in this test. A Trichoderma selective
medium (19) was used for determining the survival of
Trichoderma spp.

Bioassay in the greenhouse

0.1 or 1% (v/v) of CSM cultured with either T.
koningii, T. harzianum or Penicillium spp. (isolates #100
& 144) was mixed with field soil which was filled in a pot
(6.4 cm X 5.8 cm, diam X height). One part of inoculum
of R. solani was mixed with 9 parts of soil. When P.
capsici, P. aphanidermatum and P. spinosum were tested,
zoospores or sporangia were added to the soil. Mungbean,
cucumber or muskmelon were sown in the pot when the
CSM was tested. The survival of seedlings and disease
severity were counted. Seeds of these tested plants were
also treated with powder-formulated antagonists and sown
in the pathogen-infested soil.

Whereas other than cucumber and mungbean, radish,
zinnia, cosmos, and strawflower were the tested plants to
evaluate the effectiveness of 0.1 or 1% CSM cultured with
B. cereus, T. pseudokoningii, or T. viride to control R.
solani, tomatoes, hot and sweet peppers were used for
analysis of the efficiency of the powder-formulated
bioagent to control P. capsici or P. aphanidermatum. Ten
seeds were sown in each pot. Each treatment consisted of
five replicates and was repeated once. The survival of
seedlings was counted and analyzed statistically.

Bioassay of biocontrol of disease complex in
greenhouse

M. incognita was isolated from Yang-Ming Mt. (%55
1) and cultured on tomato root. Paecilomyces lilacinus
(Thom.) Samson was supplied by C. Netscher and cultured
in chopped potato-sand (potato : sand = 1:1 (v/v)).

Sand and field soil (1:1 (v/v)) were mixed and filled in
each pot which contained 1.1 L of soil. Three tomato
seedlings were planted in each pot. Two hundred larvae
of M. incognita (Mj) harvested from hatched eggs were
added to each seedling. Four hundred eggs of the same
nematode (Me) were also used as inoculum to place at
the site of the tomato seedling. The treatments were soil
only, R. solani only, Mj only, Me only, Mj plus R. solani,
M;j plus P. lilacinus, Me plus P. lilacinus, Mj plus B. cereus
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(5 ml of B. cereus, 3.24 X 10 cfu/ml), R. solani plus B.
cereus, Mj puls B. solani and B. cereus, etc. Fach
treatment consisted of four replicates and repeated once.
After being planted for three weeks, fresh weight of root
and stem, root knot index and survival rate were measured
and analyzed statistically.

Bioassay in the field

A field plot at Asian Vegetable Research and
Development Center (AVRDC) was selected to plant
mungbean. The population of R. solani in soil was
determined when taking records. Two cultivars, ie. 1628
and 3890, of mungbean were supplied by AVRDC. There
were nine treatments when B. cereus, T. pseudokoningii
and T. viride were used. They were divided into seed and
soil treatments. Seed treated with monceren (M), B.
cereus (BC), BC plus M, T. pseudokoningii (Tp) or T.
viride (Tv) at the rate of 190 g bioagent per 100 kg seeds.
330 g of CSM-formulated BC, Tp or Tv was spread along
each seed bed as soil treatment. No treatment was
regarded as control.

T. koningii cultured in CSM was treated in the soil as
previously described. This treatment was compared with
soil treated with monceren and control.

The seed bed of each treatment was 2 m long and 1
m wide and consisted of 120 seeds of each cultivar. Each
treatment had four replicates. Randomized complete block
dasign was applied in this experiment. The survival rate
was counted 15 and 40 days after planting. The yield was
harvested 85 days after planting.

Chrysanthemum cuttings (Yellow Queen) was not
treated, with powder-formulated BC or with monceren for
the first field trial and planted in the bed which was
naturally infested with R. solani (AG 4) for years. Two
cultivars (Yellow Queen and White General) were not
treated or treated with powder-formulated BC, BC plus
0.1% naphthylacetic acid (NAA), BC plus 5% monceren,
or benomyl plus 0.1% NAA and planted in the same bed
for the second field trial. ~Each treatment consisted of
four replicates and each replicated consisted of 250
cuttings for the first trial, and 1000 cuttings for the second
trial in 1991. Disease index and length of roots were
recorded after 14 days of planting. Disease index was
classified as 0, healthy seedling; 1, few lesion on leaves or
stem; 2, lower leaves rotted and brown lesion on stem; 3,
only top 2-3 leaves remained alived; 4, seedling decayed
and dead.

RESULTS

Isolation and screening of antagonists

One hundred fifty seven different isolates of
microorganisms were isolated from CSM on three
different media. Among them, 92 were bacteria, 58 were
fungi and 7 were actinomycetes. After evaluation by
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means of dual and concomitant cultures with tested
pathogens. T. koningii (isolate #98), T. harzianum
(isolate #136), and Penicillivm sp. (isolate #100) were
able to inhibit the prowth of all tested pathogens on five
different media. Another species of Penicillium sp.
(isolate #144) unable to inhibit the growth of tested
pathogens was used as control for further study, Isolates
of 98, 136 and 100 were all able to twist around the
hyphae of tested pathogens or overgrow the colony of
tested pathogens when they were dual cultured.  Isolates
98, 136 and 100 were able to inhibit completely the
growth of tested pathogens when they were concomitantly
cultured.

Production and formulation of bioagents

Amaong eight different inert materials, B. cereus
survived steadily in kaolin, tale or chitin. The population
of B. cereus declined slightly during the first month of
storage and remained constant (2.9 X 10° cfu/g) during
the remaining eight months of storage. Bagasse was the
worst inert material as the population of B. cereus
decreased gradually form 3.9 X 10" cfu/g to 10X 10°
efufg. If 0.1% potato dextrose broth was added in kaolin
as a supplement, this combination kept the population of
B. cereus as high as the initial amount for nine months.
The population of Trichoderma spp. declined 10 about one
percent when it was mixed with kaolin after storage for
seven months. The initial amount of T viride and T.
pseudokoningii were 7.6 X 10" and 4.3 X 10 propagules/g,
respectively, and declined 1o 81X 10° and 55% 10°
propagules/g. A similar situation occurred when B. cereus,
T. viride and T. pseudokoningii were formulated with
CSM.

B. cereus in alginate beads survived well when these
beads were stored at 5 C compared to room lemperature.
The addition of 5% glycerin and nutrients (Le. 1%% skim
milk or V-8 juice) in the bead was slightly helpful for the
survival of B. cereus. Contrarily, Trichoderma spp. in
alginate beads survived better when they were stored at
room temperature than at 5 C. The addition of 1%
glycerin and nutrients (1% skim milk or V-8 juice)
increased survival of Trichoderma spp. compared to
supplement with 1% glycerin alone. Addition of glyeerin
was better than plain bead for the survival of tested
Trichoderma spp. The population of Trichoderma spp.
increased to 10°-10" propagules/10 beads from 5.0 X 10*
and 3.0 X 107 propagules/10 beads of T. viride and T.
psendokoningii, respectively, in the period of five months
of storage at room temperature. However, beads started
to shrivel after three months of storage and lost their
original appearance after five months of storage at room
temperature.  Although the appearance of alginae bead
did not change dramatically, the beads were contaminated
commaonly with other microorganisms under storage at 5 C.

Bioassay in greenhouse

After treatment with 0.1 or 1.0% (v/v) of cither
antagonist colonized in CSM in soil which was infested by
R. solani, P. capsici, P. aphanidermatum, or P. spinosum,
the tested crops survived significantly (P = 0.05) better
than the pathogen-infested control (Table 1). The only
exception was 0.1% T. koningii or Penicillium sp. {#100)
in soil and seed treated with Penicillivm sp, {#100) which
were unable to increase significantly the survival rate of
cucumber when it was sown in R. solankinfested soil.
Although Pemicillivm sp. (#144) was not lethal to these
tested pathogens, it increased significantly (P = 0.03) the
survival rate of tested plants. The effectivenes of soil and
seed treatment did not differ significantly or consistently.
With one exception, 0.1%-antagonist colonized CSM in
soil was enough to control these soil-borne pathogens.

When T. wviride, T. pseudokoningii and B, cereus were
applied to soil, they increased the survival of tested crops,
except munghean and zinnia when they were sown soil in
which R. solani was present at 28 and 34 propagules,g soil,
respectively (Table 2). Among the three antagonists, B.
cereus was effective to increase the survival rate of racish
and cosmos. B. cereus was also effective to contral P.
capsici and P. aphanidermatum and to increase the
survival rate of tomatoes, hot and sweet peppers (Table 3),

B. cereus had the ability to control the three tested
pathogens when it was treated on the seed of tested crops
(Table 4). The effectiveness of B, cerews to control R,
soland and P. aphanidermatum was as good as monceren
and Aliette, except when it was treated on cucumber and
zinnia seeds. Generally, Trichoderma spp. were ineffective
as seedtreated bioagents.

Bioassay of biocontrol of disease complex in
greenhouse

The presence of M. incognita enhanced the disease
geverity caused by K. solani (Table 5). P liacinus and B,
cereus were able to reduce the disease severity caused by
larvae of M. incognita as the fresh weight of tomatoes was
increased and the rootl knot index decreased significamtly
(P =0.05). B. cereus decreased the root knot index and
increased the survival rate significantly when larvae of M
incognita and R. solani existed in the soil concurrently,

Bivassay in the licld

When the population of R. selani in soil was as great
as 54 propagules/g soil, only mungbean {(cv. 1628) seed
treated with B. cereus emerged significantly (P = 0.05)
more than the control (Table 6). 85 days of after sowing,
mungbean (cv. 3890) seed treated with B. cereus plus
monceren yielded significantly (P = 0.05) more than the
control {Table 7). Although mungbean (cv. 1628) grown in
soil treated with B. cerews or T, psepdokoeningii vielded
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TABLE 2. Effectiveness of soil treated with composted swine manure containing different bioagents to control
Rhizoctonia solani

% Survival'

4 4

Crop Propagules/g soil  Days after sowing K P Tv Tp Bc

0.1 1.0 0.1 1.0 0.1 1.0

45 10 100 al5 24¢ T72b 76ab 76ab 68D 64 b 68 b

Cucmber 45 15 100 a 0c 60b 64b 68b 56D 60b 64 b
32 10 100 a 0e 40d 44 d 60cd 64bcd 76abc 88 ab
Radish 42 10 100a 12d 64bc 48c¢ 68bc 80ab 84ab 84ab
28 10 100a 36d 68bc 68bc 60c 6d4¢ R2a 88 ab

Munebean 28 10 78 a 0c 2c¢ Oc 2¢ Oc 8¢ 8¢
g 10 10 78a 12d S54abc S50bc 34cd 68ab 68ab 66 ab
Zinni 30 10 96 a 0d 52bc 48 ¢ 6d4bc 52bc  52be 80 ab

i 34 10 34a  0d 2d 12¢ 0d 14c¢  26b  26b

C 25 14 100 a 8d 44¢ 44 ¢ 48¢c 48¢ 76 b 72 b

08mo8 25 20 00a 0d 36c 40c 40c 44c  T2b  T2b
Strawflower 12 10 100a 56¢ 9%ab 100a 80b 84ab 96ab 92ab

1. Survival of 100 tested plants was counted.

2. Natural soil only without pathogen or antagonist.

3. Pathogen was infested in the soil but without antagonist.

4. Soil was amended with 0.1 or 1.0% (v/v) antagonist-colonizing composted swine manure. Tv, Trichoderma viride; Tp, T.
pseudokoningis; Be, Bacillus cereus.

5. Data, followed by the same letter in the same lane, were not significantly (P = 0.05) different analyzed by Duncan’s
multiple range test.

TABLE 3. Effectiveness of soil treated with antagonist-colonizer. composted swine manure to control Phytophthora capsici
and Pythium aphanidermatum

% Survival
4

Propagules/g Days 4 7

Crop Pathogen soil after sowing K> P v Tp Be
01 10 01 10 01 10
Tomatoes  Phytophthora capsici 3.0 X 10° 13 80a° 20b — 68a — S6ab — 48ab
Sweet pepper Phytophthora capsici 12X 10° 5 100a 4c — 40b — 8¢ — 44b
30X 10° 5 100a 0d 8cd 20c 4cd 12c¢d 64b 60D
Hot pepper  Phytophthora capsici 36 X 10° 5 100a 0Oc 4c¢ 12c 16¢ 16¢c 68b76b
Tomatoes  Pythium aphanidermatum 4.1 X 10° 10 100a 8d34c 28¢c 28¢c 30c S52b52b
Sweet pepper Pythium aphanidermatum 4.1 X 10° 10 66a Oc 38b 46b 46b S0ab 40b 54 ab
Hot pepper  Pythium aphanidermatum 4.1 X 10* 10 78a 2c 34b 42b36b 44b 52b54b

1. Survival of 100 tested plants was counted.

2. Natural soil only, without pathogen or antagonist.

3. Pathogen was infested in the soil but without antagonist.

4. Tv, Trichoderma viride; Tp, Trichoderma pseudokoningii; Bc, Bacillus cereus. Soil treated with 0.1 or 1.0% (v/v)
antagonist-colonizing composted swine manure.

. Data, followed by the same letter in the same lane, were not significantly (P = 0.05) different analyzed by Duncan’s
multiple range test.
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TABLE 4. Effectiveness of seed treated with bioagents to control three soil-borne pathogens

Propagules/g Days % Survival'

Crop Pathogen soil after sowing K> P* TV Tp4 B¢ Bd+C C
Cucumber  Rhizoctonia solani 10 12 82a° 0d 48b 28¢c 52b B84a 82a
Radish Rhizoctonia solani 10 11 86a 24c /8a 64b 80a 80a B4a
Mungbean  Rhizoctonia solani 28 10 78a 0c — — 4b  8c b

Rhizoctonia solani 10 10 782 12b— — 74a %a 8a
Zinnia Rhizoctonia solani 10 10 82a 0¢ 12d 18cd 26¢ 58ab 52D
Tomatoes  Phytophthora capsici 25X 10' 10 92a 0c 10c 42b 48b — —
Sweet pepper Phytophthora capsici 2.5 X 10° 10 342 0b 22ab 8b 36a — —
Hot pepper  Phytophthora capsici 2.5 10' 10 66a 0c 20b 28b 34b — —
Tomatoes  Pythium aphanidermatum 4.1 X 10° 10 88a 2d 20cd 28cd 48bc 66ab 40be
Sweet pepper Pythium aphanidermatum 4.1 X 10 10 64a 4c l6bc 44ab 54a 52a 60a
Hot pepper ~ Pythium aphanidermatum 4.1 X 10’ 10 28bc 0c 38ab 28bc 48ab 38a  S6a

1. Survival of 100 tested plants was counted.

2, Natural soil only, without pathogen or antagonist.

3. Pathogen was infested in the soil but without antagonist.

4. Tv, Trichoderma viride; Tp, Trichoderma pseudokoningis; Be, Bacillus cereus. Soil treated with 0.1 or 1.0% (v/v)
antagonist-colonizing composted swine manure.

5. When R. solani was tested, C was monceren (25% WP, Bayer). When P. aphanidermatum present, C was Aliette (80%
WP, Rhone-Poulenc).

6. The rate of formmulated bioagent to treat seed was 1.88 g/1 kg seeds.

7. Data, followed by the same letter in the same lane, were not significantly (P = 0.05) different analyzed by Duncan’s
multiple range test.

TABLE 5. Effectiveness of biocontrol of Meloidogyne incognita and Rhizoctonia solani on tomato plants

1 Fresh weight (g/pot) Index of° o Survival’
Treatment Stem & leaves roots root knot (0-10) o Suriva
CK 236 a* 045 a 0d 100 a
R 1.79 be 0.46 a 0d 92 ab
Mi 085e¢ 0.19d 73 a 92 ab
Me 082e 0.34 abc 68 b 100 a
Mi+R 1.07 de 021 cd 72a 67 ¢
Mi + Pa 2.17 ab 0.38 ab 44 ¢ 100 a
Me + Pa 079 e 0.34 abc 72 ab 100 a
Pa 1.64 ¢ 0.20 ¢d 0d 100 a
Mi + B 1.82 be 0.29 bed 44 ¢ 100 a
R+B 2.13 ab 0.41 ab 0d 100 a
Mi+R+B 1.43 cd 0.22 ¢d 41¢ 83b
B 2.14 ab 0.39 ab 0d 100 a

1. CK, no pathogens or antagonists in soil; R, R. solani (110 g/pot); Mi, larvae of M. incognita (200 larvae/plant); Me,
eggs of M. incognita (400 eggs/plant); P, Pacecilomyces lilacinus (50 g/pot); B, Bacillus cereus (3.24 X 10’ cfu/ml, 5
ml/pot).

2. Index of root knot was based on the description of Bridge & Page’s chart. 0, no root knot; 1, few and small root knot;
s 10, severe root knot, root system absent, and plant usually dead.

3. Twenty four seedlings of each treatment were tested.

4, Data, followed by the same letter in the same column, were not significantly (P = 0.05) different based on Duncan’s
multiple range test.
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TABLE 6. Effectiveness of biocontrol on the survival of mungbean in  Rhizoctonia solani-infested field

Cultivar Propagules/g Days o SI:WE'IMII . i
0 <ol after K’ Seed treatment Soil treatment
Mungbean sowing M BetM  Be Tv Tp Be  Tv Tp
1628 13 15 623ab’ 723ab 655ab 810a 583b 665ab 560D 393b 5900
54 40 380b 508ab 505ab 640a 405b 403b 458ab 450ab 3700
3890 18 15 683a 802a B838a T5a 763a T4Da TS5a 690a 653a
54 40 473a 673a 660a 555a 558a 563a 6lL0a 3032 S63a

1. Survival from 480 seeds.
2, No control measure applying to the field.

3. Seed treated with specific material at the rate of 188 g chemical or powder-formulated bioagent/1 kg seed. Soil
treatment was applying CSM-formulated bioagent to seed furrow at the rate of 300 g/plot. M, monceren (25% WP,
Bayer), Be + M, combination of 1/2 amount of Be and monceren; Be, Bacillus cereus; Tv, Trichoderma viride; Tp,

Trichoderma pseudokoningir.

4. Data, followed by the same letter in the same lane, were not significamtly (P = 0.05) different analyzed by Duncan’s

multiple range test.,

TABLE 7. Effectiveness of biocontrol on the yield of mungbean in Rhizoctonia solani-infested field

Cultivar Yield (g)’
of . Seed treatment’ Soil treatment’
CK' - —
Mungbean M Be+ M Be Tv Tp Be Tv Tp
1628 251b'  432ab  478ab  451ab  393ab  3®lab 5272 487ab 6102
3890 ¥Th  74T7ab 8293 663ab  685ab  S554ab  64Dab  694ab 684 ab

1. Average vield of one replicate. Each replicate consisted of 120 seeds for sowing.

2. No control measure applying to the field.

3. Seed treated with specific material at the rate of 1.88 g chemical or power-formulated bioagent/1 kg seed. Soil
treatment was applying CSM-formulated bioagent to seed furrow at the rate of 330 g/plot. M, monceren (25% WP,
Bayer); Be + M, combination of 1/2 amount of Be and monceren; Be, Bacillus cereus; Tv, Trichoderma viride; Tp,

Trichoderma pseudokoningii.

4. Data, followed by the same letter in the same lane, were not significantly (P = 0.05) different analyzed by Duncan’s

multiple range test,

significantly (P = (.05) more than control (Table 7), soil
treated with T. koningii or monceren was unable to
increase the vield of mungbean.

B. cereus promoted root formation like the mixture of
benomyl and 0.1% NAA and decreased the disease index
significantly (P = 0.05) for the first trial (Table 8). B
cereus alone promoted root formation and development of
two tested cultivars of chrysanthemum (Table 9).
Chrysanthemum (cv. White General) had significantly (P
= 0.05) longer roots when the cuttings were treated with
B. cercus compared to treatment with benomyl plus 0.1%
NAA. When scedlings were transplanted in the field,
chrysanthemum (ev. White General) treated with B. cereus
plus 0.19 NAA survived significantly (P = 0.05) better
than that treated with benomyl plus 0.1% NAA,

DISCUSSION

I. koningi (isolate #98), T. harzianum (isolate #136)
and Penicillium sp. (isolate #100) were isolated from
CSM and identified to be antagonistic to R. solani, P.
capsici, P. aphanidermatum, and P. spinosum on five
different cultural media. Several microorganisms isolated
from CSM were antagonistic 10 R. solani. However, most
were unable to inhibit the growth of all four soilborne
pathogens. The antagonists specific to inhibit Pythium spp.
were especially few as the growth rate of Pythium spp. was
rapid on these five tested media. The five differemt media
represented different levels of nutrient. When isolated
microorganisms were able to inhibit the growth of tested
pathogens on these media, they had more potential to
become successful antagonists to “work” in the soil.



TABLE & Effectiveness of Bacillus cereus to control
chrysenthemum stem rot in field'

Treatment’ Length Disease” index
_ of roots {cm) _

CK 202 b 55.4 a

B. cerens 354 a 2100

Benomyl + 0.1% NAA 305 ab Mlb

1. The population of Rhizoctonia solani in sand bed was 3
propagules/g soil. 1000 cottings were used for each
treatment.

2. CK, chrysanthemum cuttings were treated nothing: Be
and benomyl + (.19 NAA, cuttings were treated with
powder-formulated B. cereus or benomyl + (L1% NAA.

3, Disease was rated as 0, healthy; 1. one lesion on stem
or leaves; ... ; 4, damping-off or dead. Disease index
was caleulated as (disease rate X no. of plant in specific
related disease catagory/4 X total tested cultings) X
100%.

4. Data, followed by the same letter in the same column,
were not significantly (P = 0.05) differenmt analvzed by
Dunacan’s multiple ranpe test.

Similarly, efficient strain of Pseudomonas putida (Trevisan)
Migula and Alcaligenes sp. were isolated hased on their
behaviour on several different media (16,36).

CSM is a cheap soil organic additive in Taiwan, To
increase the efficiency. CSM was used to culture these
three selected antagonists. T, pseudokoningii, T. viride,
and B. cerens were also cultured in CSM. They were
previously identified to be antagomistic to R, soland
{4,14.34) and kept in this laboratory.  T. pseudokoningii, T.
viride and B. cereus were selected 1o test the suitability of
CsM as a substrate to maintain their population.
Trichoderma spp. declined 1o one precent of the original
amount, However, B. cereus remained about the same for
nine months. This behavior observed was true when they
were formulated as powder and mixed with kaolin. The
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probable reason is that Trichoderma spp. were more
senstive 1o desiccation than B. cerews.  Although
Trichoderma spp. produced chlamvdospores, their
chlamydospores may not be as durable as the endospores
of B. cerews for storage.  The population of Trichoderma
spp. in alginate beads increased within five months,
However alginate beads were subject to dryness and
unable to be stored for more than six months at room
temperature.  For this reason alginate bead-formulated
antagonists were not bicassayed in this study.

With few exceptions, soil or seed treated with T
koningii, T. harzianum, and Penicillium sp. (isolate #100)
increased significantly the survival rate of cucumber and
nuskmelon when R sodani, P. capsici, P. aphanidermatum
or P. spinosum existed in soil, and munghean when R.
solani was present.  These encouraging results indicated
that these bioagents were efficient antagonists having a
wide spectrum which was also expressed on cultural media.
Again with few exceptions, soil treated with T.
psevdokoningii, T, viride and B. cereus protecied
cucumber, radish, mungbean, zinnia, cosmos and
strawflower from infection by R. solani. B. cersus also
increased the suevival rate of sweet and hot peppers when
soil was infested with P capsicd or P. aphanidermatum. B
cereus was used effectively with treatment of soil and seed.
Hence B. cereus was an unspecific antagonist,. The reason
may be that it prouced water-soluble antibiotics {perhaps
glycopeptide) which had wide spectrum (11}, These
effects were even applied to control M. incognita or the
combination of M. incognita and R. solani on tomatoes.
Similarly, introducing T, harzizmun into soil or pelleting it
on seeds, the emergence and vigor of wheat and oats was
improved from soil infested with Bipolars sorokinian
(Sacc.) Shoemaker, Fusarium culmornn (W, G, Sm) Sace,
and R. spani-infested soil (24). T, pseudokoningii and T.
viride were unable to control P. capsici and P
aphanidermatnm consistently in this study. The reason iy
probable that these two antagonists were screened out to
controll one specific pathogen only in my previous studies.

TABLE 9. Effectiveness of Bacillus cereus alone and combined with chemical to control chrysanthemum stem rot in field'

Root length (mm) of cuttings
planted in sand bed for 14 days

. 2
Treatment

% Survival in feld

]
Yellow Queen

White Ceneral

Yellow Queen While General

K 921 ¢

B. cercus (Be) 18.42 ab
Be + 0.1% NAA 1211 ¢
Bc + 5% monceren 19.28 a
Benomyl + 0L1% NAA 13.67 be

1374 b 9IL50 a 5725 ab
1974 a 0238 a 6275 ab
18.83 ab 90.63 a 74.13 a
19.09 ab 86,63 a 5600 b
14.08 b 92.00 a 5363 b

L. and 2. The same as Table 8, except 4000 cuttings were used for each treatment in this experiment.
3. Data. followed by the same letter in the same column, were not significantly { P = (L05) different analyzed by Duncan’s

multiple range 1est,
4. Cuoltivar of chrysanthemunm.
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Penicillium sp. (isolate #144) showed no antagonistic
activity to tested pathogens on different media. This
fungus was able to control tested pathogens and increased
significantly the survival rate of mungbean, cucumber and
muskmelon (Table 1). The reason may be that some
other antagonistic activity (e.g. competing colonizing site
or some essential nutrients) exhibited in soil that could not
be shown from dual and concomitant cultures.

Treatment of CSM-B. cereus increased the yield of
mungbean (cv. 1628) significantly in fields which were
infested with much (ie. 54 propagules/g soil) R. solani.
Besides R, solani, Macrophomina phaseolina (Tassi) Goid.
was common in the same field and infected mungbean
with R. solani simultaneously. These two pathogens
caused severe pre- and post emergence damping-off in the
mungbean field plot. Although seed treatment with B.
cereus did not significantly increase the yield of mungbean,
seed treated with B. cereus plus monceren produced a
better yield than monceren or B. cereus alone and
significantly better than the control (Table 7). This result
indicated that B. cereus could be an active ingredient in
integrated control and offers a synergistic effect with
fungicide to control disease. The same situation was also
true for mungbean (cv. 1628) because the seed treated
with B. cereus plus monceren produced a greater yield
than monceren and B. cereus alone. Chrysanthemum
cuttings treated with powder-formulated B. cereus
produced longer and better root systems than controls,
significantly and even better than chemicals (i.e. benomyl
plus 0.1% NAA). The reason may be that B. cereus
colonized on these treated cuttings (data not shown) and
produced some growth regulators other than antibiotics to
promote the formation of root systems. Stimulation of
plant growth was an indirect benefit of the use of a
bioagent to control plant diseases. Plant growth-
promoting rhizobacteria (13) and Trichoderma spp. (1)
promoted plant growth due to their ability to colonize on
plant tissues, to produce some growth regulators, etc.
Besides, Trichoderma spp. were able to coil around and
penetrate the hyphae of R. solani (4,5,25,35) and Pythium
ultimum Trow (9). These characteristics may indicate in
part why these bioagents showed their beneficial effects to
Crops.

From the bioassay in both greenhouse and field, B.
cereus and Trichoderma spp. were able to control several
important soil-borne plant pathogens on several crops.
The potential of using CSM- and powder-formulated
antagonists is encouraging at present. For the purpose of
practical and commercial usage, the formulation, effective
spectrum and toxicology of these bioagents may require
further investigation.
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e %5 3 HE R ob AT 4 8§ 0f B 32 1 2 Trichoderma Koningii (98%% 7 BE#%), T

harzianum (136 5543 BEFR ) . B Penicillium sp. (100 % 7 ME#R ), EREFEERE Y
Rhizoctonia solani, Phytophthora capsici . Pythium aphanidermatum ¥ Pythium spinosum
BEEFR, DLEEEESRCOEE Bacillus cereas (HR=EPFEHZ R. solani
#EHIH ). Trichoderma pseudokoningii B T. viride , LAK B HiFT5 B T. koningii K. T.
harzianum , RS E, HERGZEAGURHY, B cereust LFHEERED
HWER, BEFIFERENETE, E88E Trichoderma I B EA G HD 10045, 2L
EREAEE R, HFEEREOREREHED K, UHLEFELE
fFE RN, EMELEANNEFEHMSEFRRY, BERNEZRT, =EH®R
FLEALAE NG . IR MEREF L EE R, ki (e R ¥R iR =,
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EARMTEE, LHEANLL01% BH T. koningii R, 7E4 50 L8R &5 26 8K $4
HESBEBNEET, REMEERMuEn, BEREEFEnESE LIES S
A 3RE%nEeE, UrEAEtEDEREEE S ERERR, HFEEERN REEE .
B. cereus EREB ENMW AR ERF, MEFLEREHENASE, 8w EEEH 28
BEEEENEE TN ENEREESR, BAInERES R HESIEH 54 BE%REEY
BT, Bin1628 5k E N ER ., 54, ¥%TEETFLL B cercus HE R, fLIB=E
EHEHENEYRET, MARAEEEE, itk w4, B cereusfil B B IHAR FE AR 54
BT EEFENR LT ERNES B, IR EHBBREIEXER, RRI
BEHEEERHIEITHEERBROBE, HOREREBANEIIN01% BRBHIKEERE
o THEBEH T koningiisk T. harzinnumi% , @] E#/\ & F NFE&FH P. capsici, P.
aphanidermatum, P. spinosum® + 3 h , W InHFEHXR . M- BEHE T T
pseudokoningii . T. viride B B. cereus, W E[I@NI{ER P. aphanidermatum 138 P HIFEHG
HH, REBINEEER., ERFIAEFEEN AR EHERERIE, LS
— M ERE R, A LERER, ASNEEREHESIE, B —LEE
TR, EAEEJHEFBFNANEE

RAgET: HEEYIREE . £, LM E . B AFHBUERE . Pythium
aphanidermatum . Pythium spinosum . k& . &6, AN, FLW ., Fsn.
. FRFEMEE. LIEEMEFEHA,





