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ABSTRACT: Trichoderma spp. are an effective control agent for damping-off or other plant diseases.
The interaction between. T. hamatum and Rhizoctonia solani on the rhizosphere or surface soil
were examined to assess the possible roles of antibiosis or competition in the mechanisms of biologi-
cal control agents as a basic reasearch. In a proportional comparison, total bacteria, fungi, actinom-
yeetes and Trichoderma spp were 65%, 8.8%, 25.9% and 0.28% respectively in their distribution
in the soil. Among Trichoderma spp isolated, the 5 species of Trichoderma spp were indentified
as T. koninggii, T. pseudokoninggii, T. aureoviridi, T. hamatum and T. viride respectively. In a mycopa-
rasitic test, one isolate of T. hamatum strain Tr-5 showed an enzymatic ability to break fungal
hyphae into piecies and infected on the R. solani hyphae showing a parasitism. Spore germination
of the all isolates of Trichoderma spp showed a 1.7-7.3% of germination in natural soil conditions,
but the percentage was high in sterile soil indicating all the natural soil were fungistatic on conidia
of Trichoderma spp. In rhizosphere competent assay in pea plant, the antagonistic 7. hamatum,
T. viride, T. koninggii, T. pseudokoninggii showed a colonizing upper soil depth in rhizosphere around
1-3 c¢m in root zone, but the colonizing ability was much reduced along the deeper the soil depth.
Propagule density was decreased in deeper the soil layer. Disease development rate treated alone
with plant pathogens, Fusarium solani, Rhizoctonia solani, Cylindrocarpon destructans increased, but

disease incidence rate reduced in treatment with combinations with antagonistic 7. hamatum strain
Tr-5.

KEYWORDS: Trichoderma spp., antibiosis, biological control agents, mycoparasitic test, fungistatic

rhizosphere competent assay, rhizosphere colonizing, Fusarium solani, Rhizoctonia solani, Cylindrocar-
pon destructans, disease incidence.

In the light of present-day constraints on plant the imagination of pathologist and are gaining as
disease control practices, especially, those imposed a possible practical agricultural method for soilbo-
on potentially hazardous use of pesticides, biologi- rne-pathogen control (Papavizas and Lewis, 1981).
cal control measures are increasingly capturing The possibility of controlling pathogenic fungi with
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antagonistic microorganisms introduced to soils,
or with combination of them, low doses of fungi-
cide has long been considered and studied for
a long time. The potential for use of Trichoderma
species as biological control agents was suggested
by Weindling (1932). Fluorescent Pseudomonads
were implicated in take-all disease (Cook and We-
ller, 1987) and also reported to be an antagonistic
organisms for Fusarium wilt suppressive soils (Ba-
ker et al 1986; Scher and Baker, 1982; Lee, 1977).

The many studies on Trichoderma species were
implicated in suppressive soils to Rhizoctonia so-
lani (Liu and Baker, 1980). Undetected antagonis-
tic components of known microbiological commu-
nities were analyzed (Yuen and Schroth, 1986).
Ginseng (Panax ginseng Meyer) is particularly vu-
Inerable to disease for recultivation previously
used. Many problems still remain to be solved
in increasing Korean ginseng yields. One of the
most important limiting factors in ginseng produc-
tion would to considered to be soilborne diseases
with poor quality. and also low yields (Lee, 1984).

We ultimately concerned with microbial interac-
tion in soil and how these microbial interaction
inactivate the infection of pathogen propagules,
reduce their potentials, or adversly interfere with
germling functioning. In this regardings practical
biological management of diseases can be practi-
sed in the integrated disease control systems. The
objective of this research is to isolate and identify
active fungal antagonists against ginseng patho-
gens, F. solani, C. destractans and R. solani, and
study the survival of these antagonists in soil and
rhizosphere in the absence of added nutrients. In
this study, an antagonistic strain of Trichoderma
spp. was selected, and its characteristics were ob-
served.

Materials and Methods

Estimation of microbial population: Microbial
population sizes were estimated by a serial dilu-
tion plate method (Lee, 1977). Each of the dilution
was plate out in triplicate using 0.2 m/ soil suspe-
nsion samples. The medium used for the isolation
of total bacteria was nutrient agar (Difco), rose-

bengal agar (Martin, 1950) for general fungi, chitin
agar (Hsu and lockwood, 1975) for actinomycetes
and Elad ef al (1981) selective medium for Tricho-
derma spp.

Collection, isolation and identification: From the
15 soil-samples of Kyungi-do, Trichoderma spp.
were isolated with Elad’s selective medium (Elad
et al., 1981). Trichoderma isolates were transferred
on PDA slant and the slant cultivar kept in 4T
refrigerator for the following experiments. For
identification of Trichoderma isolates, the charac-
teristics of Trichoderma isolates were observed
both microscopically and macroscopically. Hyphae,
chlamydospore, conidiophore, phialides and phia-
lospore were all stained with cotton-blue in lactic
acid for microscopic observation. As a macroscopic
characteristics of isolates, we observed the myce-
lial growing extention, colony color, conidiophore
area, light requirement for spore coloration and
color production on 2% malt extract agar plate

(Rifai, 1969).

Screening of Antagonistic Reaction of Trichode-
rma spp. against R. solani: Hyphal tips on agar
were obtained with cork-borer (0.3 cm id.) from
the margin colony of 3 days old Trichoderma spp.
and R. solani colony, and then inoculated on PDA
plate as dual culture. After 4 days incubation at
27C of incubator, we measured the distance from
two colonies contacting border to the more trans-
parent R. solani mycelium growing end than R
solani alone growing part (Tronsmo and Dennis,
1978).

Hyphal interaction and ability of mycoparasitism
between antagonistic Trichoderma spp. and R. so-
lani: For observing mycroparasitic growing inhibi-
tion of Trichoderma isolates on R. solani mycelium,
the following system was used to observe interac-
tion points of both organisms. After boiled cello-
phane membranes with distilled water, the memb-
rane was placed on water agar. An agar disk (0.3
cm i.d.) of the mycelium of T. hamatum was pla-
ced on one end of the cellophane membrane and
a disk one of the R solani mycelium was placed
on the other. T. hamatum and R. solani grow to-
wards each other at 28C for 4 days and the hy-
phae intermingled on the cellophane plates (Grif-
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fin, 1972 Jee and Kim 1987).

Sensitivity of propagules to soil fungistasis: Ger-
mination of propagules was observed from sterili-
zed soil and nonsterile soil (natural soil) to deter-
mine their sensitivities to mycostasis (Hsu and
Lockwood, 1973). Fifty gram samples of the soil
were adjusted to —0.05 bar matric potential, and
were equilibrated from 16~24 hr before use. Soils
in 9 cm diameter glass dishes sterilized by autoc-
laving for 1 hr. Natural soil or amended soil were
contained in 9 c¢m diameter glass dishes. The soil
was well mixed with spatula, soil surface smoo-
thed, and allowed to equilibrate for one hr. In
each experiment, duplicate nuclepore membranes
bearing fungal propagules were placed on dupli-
cate samples of untreated and treat soil. Conidia
were incubated on the soils for 12~16 hr prior
to germination assay. Membrane bearing propagu-
les were stained with phenolic rose bengal (Hsu
and Lockwood, 1973), destained in water, and
mounted on glass slide with double sticky tape.
Germination was counted microscopically with in-
cident illumination. Three to four experiments
were done.

Rhizosphere competence assay: Tvichoderma spp
were grown on PDA slant for 8 days at 25C . The
culture was flooded with sterile distilled water
and conidia were gently freed from the culture
surface with a loof inoculation needle. The conidia
suspension was sieved through 4 layers of gauze
and washed for 3 times (at 4T, 2,500g). Density
of conidia was adjusted to 10° per mililiter with
the aid of haemocytometer.

Seed of pea was surface disinfested for 10 min
in 1.0% hypochlorite solution and 70% ethanol,
washed in distilled water and air dried in clean
bench. Disinfested seeds of pea were placed on
water agar plate, and incubated at 27C incubator
till the seeds germinate. Modified Ahmad and Bab-
ker’s method (1987) was used in this experiment.
Seedlings prepared above were sown in the plastic
pots 18X10 cm that were filled with soil. To dete-
rmine rhizosphere competence 6 pea seedling
were placed in each pot with antagonistic Tricho-
derm spp. of 2 m/ of conidial suspension. The see-
dling sowed pots were added more soil to cover

seedlings to 2 cm depth and placed in the room
temperature for the seedling culture. Starting
from soil surface, the soil containing pots were
excised latitudinary per 1 cm with sterile scapel
after 8 days culture. After shake off the loosely
adhereing soil, root segments with their rhizos-
phere soil were air-dried under a 100 W lamp
for 30 min. Each segment was weighed and trans-
fered to a 20 m/ glass vial containing 1 m/ of
sterile distilled water. The colony forming units
(cfu) of Trichoderma contained in the rhizosphere
soil at each centimeter of root were determined
by plating a series of 10-fold dilutions on Tricho-
derma selective medium (Elad et al., 1981). Plates
were incubated at 25C for 5 days. Counts of T¥i-
choderma colony forming units per miligram of
rhizosphere soil for each root segment were re-
peated twice.

Pot test for control of pathogens: Trichoderma
hamatum strain Tr-5b was grown in PDA for days
at 25C on a incubator. Conidia of this fungus
were harvested and centrifuged at 2500 rpm for
20 min and adjust the number of spores to a con-
centration of 10° cells per milliliter. One milliliter
of these spores suspension was inoculated into
root zone of ginseng. Sterile soil extract was used
for producing chlamydospores (Hong and Lee,
1986). Infection of soil with chlamydospores of F.
solani and C. destructans were done with method
of Son ef al (1985). The soil infested with 10° chla-
mydospores per grams of soil by F. solani and
C. destructans. R. solani was inoculated in soil with
the number of 90 sclerotia per a pot containing
500g soil and mixed well.

Natural soil was infested with the F. solani, C.
destructans and R. solani, and then the soil was
also infested with 1 m/ of a conidia suspension
of candidate antagonist T. hamatum:

To determine root rot incidence, 6 roots of 2
years old ginseng were placed in 8X12 cm pots
containing the soil infested with R. solani, F. solani
and C. destructans. Four pots were used as a rep-
licate and two replicate were used for each treat-
ment. Pot were incubated in a growth room at
25C. Counts of emergence and rate of rotting
were taken after 21 days and were expressed as
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a percentage of these plant emerging and roting
rate from non-infected soil (Son et al., 1985).

Results

Numbers of microorganisms in soil sample col-
lected from different site in Kyunggi-do are shown
in Table 1. Numbers of bacteria and actinomycetes
were higher than total fungi and Trichoderma spp..
Proportions of total bacteria, general fungi, actino-
mycetes and Trichoderma spp. in soil sample were
65%, 8.8%, 25.9% and 0.28% respectively. The ra-
tio in general fungi and Trichoderma spp. was 31
times less propagules of Trichoderma spp. presen-
ted in sampled soil.

125 strains of isolates were isolated from the
Trichoderma selective medium for a identification
of Trichoderma spp., 15 isolates among the isolated
strains were selected for identification by cultural
and macroscopic observation. In culture, colonies
usally grow rapidly at first smooth-surfaced and
almost transmitted or watery white, later beco-
ming floccose or compactly tufted of green or pure
white coloration. Pigments may be released into
the medium or the reverse of the colony remains

unchanged and the mycelium is compared to hy-
phae, septate, much-branched and smooth walled
hyphae.

The conidiopores are highly ramified, loosely
or very compactly tufted and generally they are
formed in distinct concentric ring-like conidia pro-
ducing zone, or borne highly and irregulary on
the aerial hyphae. The strains of Trichoderma Tt-
1, 7, 8, 9 and 12 were similar in their morphology;
conidial shape was loose tuft, color was green,
growing form smooth or moderate, pigment pro-
duction was none and phialospore color was
green. whereas strains Trichoderma Tr-4, 5, 10
and 11 were different in their morphological cha-
racteristics comparing with Trichoderma Tr-1, 8,
9 and 12. Strains 2, 3, 13, 14 and 15 were different
slightly in color and shape in their morphology
with other strains. Morphological characteristics
of Trichoderma isolates was in Table 2. Conidio-
phore’s width and shape ranged in 3.0-4 pm in
the strains of all isolates. The form of side branch
was conical in the strains Trichoderma Tr-1, 8,
9 and 12 but others was variable in branch-spores
were not formed in culture (Table 2). The antago-
nistic activity of isolates of Trichoderma spp. agai-

Table 1. Numbers of microorganisms in the soils collected from different sites in Kyunggi-do.

Microorganisms (X10* cfu/g soil)

Location

Bacteria Fungi Actinomycetes Trichoderma spp.
Goysan ri 126(28.6%) 21.9(5.0%) 290(65.8%) 3.000.7%)
Mangual ri 646(61.1%) 185.4(17.5%) 225(21.3%) - 2.3(0.2%)
Ligang ri 717(68.0%) 33.0( 3.1%) 298(28.3%) 7.000.7%)
Gochun ri 1046(70.7%) 247.8(16.8%) 185(12.5%) 0.1(0.0%)
Daepo ri 1895(58.8%) 221.0( 6.9%) 1105(34.3%) 3.0(0.1%)
Onsoo ri 367(37.8%) 368.8(38.0%) 230(23.7%) 5.6(0.6%)
Bulwoop ri 423(44.1%) 100.3(10.5%) 423(44.1%) 12.6(1.3%)
Daemyung ri 9317(89.1%) 206.1( 2.0%) 930( 8.9%) 4.0(0.0%)
Sukjung ri 2356(75.5%) 101.9(3.3%) 659(21.1%) 2.0(0.1%)
Galsan ri 4988(84.2%) 257.7(4.4%) 675(11.4%) 2.0(0.0%)
Suktan ri 3482(47.6%) 348.7( 4.8%) 3482(47.6%) 3.0(0.0%)
Magok ri 5527(84.7%) 216.6( 3.3%) 771(11.8%) 10.000.2%)
Yanggok ri 1296(88.5%) 147.6(10.1%) 18(1.2%) - 3.3(0.2%)
Gumgok ri 3157(73.6%) 229.3( 5.4%) 899(21.0%) 0.3(0.1%)
Daebyug 1i 4696(63.2%) 72.2( 1.0%) 2663(35.9%) 4.000.1%)
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Table 2. Morphological characteristics of the Trichoderma spp. isolates.

Isolate Colony on Conidiophore Phialide Phialospore
malt extract
plate sterile base branching shape size (um) shape size (um)  color
hyphae width(um)
Tr-1  loose tuft —¢ 4.0~37 Complicated conical 75~12 smooth surface 30~4.8 dark
dendroid attenuated x2.5~35 ellipsoidal x1.9~28 green
Tr-2 orbicular — 23~25 rare branch- bent- 75~83 elliptic 3.5~4.0 pale
tuft ing at top slended x3.0~3.5 obovoidal x3.0~3.3 green
Tr-3 wide tuft — 38~34 complicated  asymmetric 6.0~7.0 obovid 31~3.0 vyellowish
dendroid bottle x3.0~32 smooth surface x29~3.3 green
Tr-4 local tuft +° 28~30 short and crowded 7.3~7.0 obovoid 40~5.1 green
thick pear-shaped x3.6~4.0 x3.0~3.2
Tr-5 local tuft + 2.8~3.3 short and crowded 7.3~70 obovoid 4.0~5.1 green
thick pear-shaped x3.6~4.0 x3.0~3.2
Tr-7 loose tuft — 21~15 complicated  conical 75~12  smooth surface 3.0~4.8 dark
dedroid attenuated x2.5~3.5 elliipsoidal x1.9~28 green
Tr-8 loose tuft — 41~32 complicated  conical 75~12  smooth surface 3.0~4.8 dark
dendroid attenuated x2.5~35 elliipsoidal x1.9~28 green
Tr-9 loose tuft —  39~33 complicated conical 75~12  smooth surface 3.0~4.8 dark
dendroid attenuated x2.5~35 elliipsoidal x1.9~28 green
Tr-10 local tuft + 32~34 short and crowded 73~7.0 obovoid 4.0~5.1 green
thick pear-shaped x3.6~4.0 x3.0~3.2
Tr-11 local tuft + 32~34 short and crowded 7.3~7.0 obovoid 40~5.1 green
thick pear-shaped x3.6~4.0 x3.0~3.2
Tr-12 loose tuft — 41~36 complicated  conical 75~12  smooth surface 3.0~4.8 dark
dendroid attenuated x2.5~3.5 elliipsoidal x1.9~2.8 green
Tr-13 wide tuft — 43~3.7 complicated  asymmetric 6.0~7.0 obovid 3.1~3.0 vyellowish
dendroid bottle x3.0~3.2 smooth surface x2.9~33 green
Tr-14 ring like — 4.5~39 complicated curled 11~12 irregular 3.0~2.8 green
dendroid x3.0~3.2 whorlled x3.3~35
Tr-15 ring like 41~49 complicated curled 11~12 irregular 3.0~28 green
dendroid x3.0~32 whorlled x3.3~35

sterile hyphae absent, ’sterile hyphae elongated out of the conidiophore.

nst R solani was in Table 3. Isolates Tr-5 and
8 were shown a strong inhibition ability toward
R. solani, followed by strains Trichoderma Tr-4,
2 and 3. Whereas strains 13, 10 and 12 were sho-
wed a weak activity against R solani.

One isoloates Tr-5 showing strong inhibition
against R solani selected to test an parasitism
on the pathogens. The isolate Tr-5 showed a para-
sitic action. The isolate begin to coil the hypha
of R solani become to swelling in its hyphal tip

and after that some of hypha become to break
into segment and lysed (Fig. 1-A, C, D, E, F).
Sensitivity of propagules to soil fungistasis was
measured in conditions of sterilized and natural
soil. All the isolates of Trichoderma spp. germina-
ted in 1.7-7.3% in natural soil, whereas the gene-
ration rate was high in steril soil conditions. When
pea plants were grown in soil treated with Tricho-
derma spp. conidia. Trichoderma spp. were recove-
red from 1-3 cm of root depth, but the population
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Table 3. Inhibition zones produced by Trichoderma
spp. against Rhizoctonia solani grown on PD agar
plate.

Table 4. Conidial germination of the isolates of T¥i-
choderma spp. incubated in natural and sterilized soils
for 14 hours.

Isolates Inhibition (mm)
TR--1 17

TR 2 35
TR- 3 30
TR- 4 35
TR- 5 40
TR- 7 35
TR- .8 40
TR- 9 29
TR-10 14
TR-11 17
TR-12 14
TR-13 12
TR-14 26
TR-15 27

density significantly reduced as compared with
upper layer of soil depth. Numbers of general fu-
ngi propagules were also distributed in 1-3 cm
of root depth, but it’s propagule density was dec-
reased along the lower soil depth (Fig. 3).

Pathogenic organisms cause a root rot of gin-
seng disease development treated alone in pot,
but the incidence rate are reduced in case of trea-
tment with combination of antagonistic Tr-5 isola-
tes (Fig. 4).

Discussion

The extensive literature that exists on the dist-
ribution of soil fungi shows clearly that species
of Trichoderma are major element in the microf-
lora especially in temperate forest soil. Their abu-
ndancy coupled with their know ability to produce
a range of antibiotic (Dennis and Webster, 1971).

Widden and Abitbal (1980) found that species
of Trichoderma isolated from spruce-forest soil and
their overall abundance is mediated to a large
extent by competition with other species rather
than by the direct effect of abiotic factors, and
also T. hamatum was populated in 0.22% freque-

Germination (%)

Isolate Natural soil Sterilized soil
TR- 1 2.3 86.3
TR- 2 34 876
TR- 3 6.7 923
TR- 4 15 679
TR- 5 32 773
TR- 7 2.6 893
TR- 8 51 92.1
TR- 9 39 883
TR-10 4.7 79.3
TR-11 7.3 92.1
TR-12 7.3 86.9
TR-13 1.7 925
TR-14 4.5 873
TR-15 6.9 914

ncy. In our test the 7. hamatum was populated
in 0.28% frequency comparing with other microor-
ganisms (Table 1).

Despite some claims that species of the hypho-
mycetes genus Tr. Pers, ex F. cannot be easily
distinguished from one another but reliable chara-
cters which can be used in classifying these fungi,
for which, however, the “spiecis aggrigate” con-
cept has to be adopted. Based on the types of
branching system of the conidiophores, manner
of phialides disposition and the characters of the
phialospores it has been possible to recognize spe-
cies aggregates (Rifai, 1969).

Isolated strains of Trichoderma spp. were iden-
tified by Rifai method (1969) the based on a cultu-
ral or morphological characteristics. Strains of
Trichoderma Tr-1, 7, 8, 9 and 12 were identified
as T. koninggii, strains of Trichoderma Tr-2 was
T. pseudokuninggii, strain of Trichoderma Tr-3 and
13 were to T. aureoviride, strains of Trichoderma
Tr-4, 5, 10 and 11 were was T. hamatum and st-
rains of Trichoderma Tr-14 and 15 were T. viride.

The biocontrol ability of isolate 7. hamatum st-
rain Tr-5 was very effective when it is cocultured
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Fig. 1. Antagonistic reaction on R. solani by Trichoderma hamatum Tr-5 strain. A. Normal hyphal growth of
R. solani. B. Abnormal growth of R solani in its hyphal tip. C. Network of T. hamatum Tr-5 strain hyphae
on out-side hyphal surface of R. solani. D. Cutting-off of R. solani hyphae by T. hamatum strain. E. Hyphal
growth of T. hamatum inside hyphae of R. solani. F. Lytic mycelia of R. solani by the antagonist.

with R. solani and produce cellulase while T. ha-
ziamem has little cellulolytic ability. This may in-
dicate parasitsm of R. solani by T. hamatum and
also this antagonist may be effective against some
soil borne disease of old plants such as roots rot
(Harman et al., 1980).

Biological control of soil borne plant pathogen
by the addition of antagonistic microoganism to
the soil is a potential nonchemical means for plant
disease control. The species of Trichoderma capa-
ble of hyperparasitize pathogenic fungi are highly

efficient antagonists (Barnet et al, 1973; durrell,
1968). In this test, isolate of T. hamatum Tr-5
strain showed a ability to attack the fungal hyphae
by a supercoiling and lysis and separation at later
state of interaction.

Harman ef al. (1980) proved that T. hamatum
acts as a mycopaprasite on Pythium spp. and R.
solani and this may be its principal mode of ac-
tion. T. hamatum limitied density of R. solani but
merely prevented large increase in the number
of Pythium spp. T. harzianum was found to be



344 Kor. J. Mycol. Vol. 20, No. 4, 1992

Population (log cfu/mg soil)

- — "
01 2 3 4 50 1 2 3 4 5 Disease incidence
T T Y T T T T Treatment 0 05 1 1.5 2 25 3
T ] 1] T I T ¢
1 o 1 o F. solani
/ s Fslanit, IO
2 ° 2 X o T. hamatum
) / // C. destructans - (IO
3t A 3t < ¢. destructans ST
\ / \ +T. hamatum
4h o 4K o R. solani (T
/ | /0 General fung R solani TTITTIOIND
'g 5K {0-0 General fungi| 5k d X-X T koniggiy +T. hamatum
3 XX T viride 5 Control (AT
6 1 1 1 1 1 I I 'y 1 1 1 A 1 1
A5
§‘ 0 |1 21 ? Aul 5 0 1| 2. 3: 4. 5 Regends: Root rot was rated on a scale 0~3.
= 0, healthy, no lesion; 1, partly yellowish brown lesion
g1 ! / 1 2 ; developed
A 2 \, o} x/ / around root; 2, reddish brown lesion girdling the
// // root, and the lesion
315 o &-C Generd | 3p ¥ ¢ under half of the root; 3, root severly rotted and
4 \/ \u XX l’lu"ngl 4 / o/ -0 General fungi decayed.
/ pseudioninggii l \X'X 1 T hamatum Fig. 3. Effect of the antagonist TR-5 isolate of T.
5K ° 57 ° hamatum on ginseng root-rot caused by several fu-
6l ) . 6 . . e ngal pathogens 21 days incubated for pot test.

Fig. 2. Population densities of toal fungi and Tricho-
derma spp. in rhizosphere soil of pea root.

an effective bilogical control agent for protecting
a crop plants from damage under green house
and field condition. The fungus was capable of
directly attacting and lysing the pathogens in cul-
ture. The ability of other Trichoderma spp. to at-
tack different fungi was proved by Durrell (1968).

Spores of most fungal species don’t germinate
in natural soil except in the vicinity of undercom-
posed organic matter or in rhizosphere (Lock-
wood, 1964).

In relation to fungal spore nutrient, Ko and Lo-
ckwood (1967) observed that 7. viride was not ge-
rminated well on natural soil and distilled water.
Fungistasis is mainly caused by diffusible inhijbi-
tory substance in the soil, and also caused by the
lack of substances required by the spores for ger-
mination (Lockwood, 1964; Lee and choi, 1982).

In our test spores of T. hamatum also showed
a lower germination rate in natural soil, but the
spores germinated high in sterile soil. It indicate
that decreased spore germination was correlated
with rapid diffusion of nutrient in soil by microbial
nutrient sinks.

Various methods to test rhizosphere competa-

nce were primarily based on a comparison of the
numbers of microoganisms in the soil associated
with roots to population density in nonrhizosphere
soil. The rhizosphere competence assays was de-
veloped to improve measurement in time and
space of the activity of potential rhizosphere in
habitants.

To test whether the biocontrol agents introdu-
ced from culture into rhizosphere could compete
under the typical ecological conitions, raw soil was
used. Therefore, the system allowed rhizosphere
competence to be measured on the basis of popu-
lation density of Trichoderma spp. -as a function
of root depth. Rhizosphere competence assay pro-
vides the best bioassay yet developed for the rhi-
zosphere nutrient status at root tips (Rovira, 19
73).

Ahmad and Baker (1987) observed that no spe-
cies of Trichoderma spp. grew to greater depth
than 2 cm is as a test of rhizosphere competence
and also Papavizas and Lewis (1981) proved that
Trichoderma spp are not rhizosphere competence.
Unlike the result of Ahmad and Baker (1987), the
Trichoderma spp in our pot test colonized all sec-
tions of the rhizosphere to the root tips, When
it was cultivated in green house condition around
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23-27C . but recovered numbers were significantly
reduced greater depth than 3 cm (Fig. 3).

A possible expalanation for this colonization mi-
ght be concern to more exudates produced at the
higher temperature such as 26C than at 19T,
and also all the Trichoderma spp. was isolated
from all segments the rhizosphere of pea root
grown in soil (Rovira, 1973).

Liu and Baker (1980) observed that numbers
of Trichoderma spp. propagules in the soil increa-
sed as surppressiveness increased, whereas ino-
culum density of R solani was inversely propor-
tional to the density of these Trichoderma spp.
They found a fact that increase in population and
association of Trichoderma with suppressiveness
was concerned. Especially Trichoderma was isola-
ted with high frequency from mycelial mats of
R. solani incubated in suppressive soil. Conidia
of Trichoderma added to conducive soil induced
suppressiveness (Henis e/ al., 1979).

The major problem of applying antagonists to
soil, their inability to become established in the
ecosystem, and to overcome the resistance of soil
microflora to the introduction of new microorga-
nism (Alexandr, 1971; Boosalis and Mankau, 19
70). In recent years, several attempts have been
made to overcome this obstacle by applying fungal
biocontrol agents, grown on suitable food bases
to soil (Bakmam and Rodriguez-Kabana, 1975).

It has been assumed that preventive measure
to some pathogens are much concerned to enhen-
cing increment of antagoist by suppling a food
base and induce a fungistatic condition for these
pathogens.
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