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ABSTRCT

Seasonal and spatial variations in propagule numbers of Trichoderma species were investigated every
other month for one year in deciduous and coniferous forest soils and evaluated the relationships of
Trichoderma spp. populations to soil environmental factors.

The total population of Trichederma spp. increased until summer and then declined until winter.
The yearly mean frequency of Trichoderma spp. exceeded 1.4% of total fungal propagules in two
sites. Decreases of absolute and relative propagule numbers of Trickoderma spp. with increasing soil
depth were found and variation in Trichoderma spp. propagules caused by differences in soil depth
(0~50cm) was greater than that caused by differences in sampling time.

The most common species occurring in two sites was 7. viride, followed by T. polysporum, T.
koningii, and T. hamatum. Individual species of Trichoderma showed different abundance trend in
accordance with sampling time. T. viride was dorminant from spring to autumn, while 7. polysporum
dominated over the other species in winter. Variations in propagule number of Trichoderma spp.
were principally mediated by the actions of biotic environmental factors rather than by the direct
effects of abiotic factors. In multiple-regression analvses, 48% of the total vaiation in Trichoderma
spp. propagules in deciduous site could be accounted for by total fungal propagules and soil CMCase
activity. In coniferous site, 65% of total variation could be accounted for by total fungal and bacterial

propagules, moisture content and organic carbon content.

INTRODUCTION

In recent years, interests in the role of
Trichoderma species are increasing because of
their known ability to produce volatile and
nonvolatile antibiotics against a range of
microorganisms (Dennis et al., 1971; Fujiwara
et al., 1982; Okuda et al., 1982) and to syn-
thesize cellulase components and any other

enzymes which are necessary for the degradation
of natural polymers (Rosenberg, 1978; Theo-
dorou ef al., 1980; Sandhu et al., 1980). In
addition, the parasitism of soil-born plant
pathogenic fungi by Trichoderma species has
been reported and indicated that the antagonistic
properties of Trichoderma spp. might be the
most promising biological control agents (Kelley
et al., 1976; Chet et al., 1981).

Despite of their powerful influences on soil
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ecosystem, knowledge of the ecological charac-
teristics of individual species of Trichoderma is
comparatively sparse. Danielson et al. (1974a)
investigated the general trends with regard to
the distribution of species aggregates of Tricho-
derma in relation to geographic and climatic
conditions and concluded that 7. komingii and
T. hamatum were the most common species in
all the climatic regions and T. viride and T.
polysporum were largely restricted to cool tem-
perature regions, whereas T.harzianum was
characteristic of warm climates. Similar pheno-
menon was observed by Widden et al. (1980)
in spruce-forest soil in southern Quebec.
Meanwhile, Nelson (1982) observed the occurr-
ence of Trichoderma spp. at depth of 100cm in
soil supporting a Douglas-fir stand in western
Oregon.

Informations on the distribution patterns of
Trichoderma species in natural soil ecosystem
should be available not only for the selection
of suitable species as a biocontrol agent under
specific circumstances but also for the application
of its role in the decomposition of plant poly-
mers.

In earlier investigation on the distribution
of Trichoderma species in forest soils of Mt.
Geryongsan (Rhce et al., 1982), five species
of Trichoderma propagules were isolated and
the genus was found to be a major element,
especially in L and F horizon commonly in
hardwood and conifer soils.

As an extention of the previous work,
seasonal variations of each species of Trich-
oderma propagules in deciduous and coniferous
forest soils were investigated in connection
with different soil layer representing habitat
alterations. Moreover, in order to undarstand
the environmental factors influencing the occu-
rrence of Trichoderma spp., the relationships
of this

environmental factors were evaluated.

genus to biotic and abiotic soil

[(Vol. 22, No. 3

MATERIALS AND METHODS

The study areas

Laboratory experiments were carried out with
soils sampled from two distinct plant communi-
ties, deciduous(Quercus mongolia) and coniferous
(Chamaecyparis obtusa) forest communities in
Mt. Geryongsan, middle of Korea (36°21'N,
127°15’E). All the soil samples were collected
from each of the two stands bimonthly, from
June 1982 1983, at five
randomly selected points within each stand.

through June

To estimate the vertical distribution of Tricho-
derma species, optional layers were established
as D1 (0-10cm depth), D2 (10-20cm), D3
(20-30cm), D4 (30-40cm) and D5 (40-50cm).
Approximately 500g of samples were collected
from each layer of the two sites. After screening
through a sieve (mesh size, 2mm) samples
were stored in polyethylene bags at 4°C. The
surface horizon of deciduous site was a dark
brown (10YR4/3) silt loam and that of coni-
ferous site was a brown (10YR5/3) sandy clay
loam.
Chemical analysis

All analytical results were calculated on the
basis of oven-dry (100°C) weight of soil and
at a minimum, analyses were made in duplicate.
The moisture content was determined from the
loss in weight after drying at 100°C to a
constant weight. The soil pH was estimated
in a slurry with water (1 part soil to 2.5 parts
water). Soil organic carbon content was mea-
sured by Walkley-Black method (Jacson, 1958).
Total Kjeldahl nitrogen contents detected by
the molybdate blue method were determined
colorimetrically.

Estimation of microfungal populations

Microfungal population sizes were estimated
by the serial dilution plate method, each of the
dilutions was plated out in triplicate using 0. 1ml
samples. The medium used for the isolation of
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microfungi was modified Czapec-Dox agar (20g
of glucose, 2.8g of (NH,).SO,, 1g of NaNO,,
1g of K;HPO,, 0.5g of MgSO, - 7TH;0, 0.5¢g of
KCl, 0.01g of FeSO, - 7H,0, 5g of oxgall, 1.0g
of chloramphenicol, 20g of agar and 11 of
distilled water), The plates were incubated
under aerobic conditions at 26+ 1°C for 5-7
days.
Statistical analysis

Simple statistics and coefficient of variation
(CV%) were computed to compare variabilities
in different layers and different sampling times.
The relationship between Trichoderma propa-
gules and environmental factor was established
by calculating simple linear correlation coeffi-
cient. Multiple-regression analysis was used to
explain the changes in Trichoderma spp. propa-
gules in terms of the changes in environmental

parameters.

Assay of soil CMCase

After screening through a 2mm sieve, a 5g
air dried soil sample was mixed thoroughly
with 10ml of (.1M acetate buffer (pH 5.4)
and 10ml of 1% carboxymethylcellulose. The
mixture was then incubated for 2¢hrs at 40°C.
At the end of this reaction period approximately
50ml of distilled water were added and filtrated.
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The reducing sugar content was then determined
by Somogyi-Nelson method.

RESULT AND DISCUSSION

Characteristics of soils

Some soil environmental parameters which
influence the changes in microbial populations
were measured bimonthly (Table 1). Compared
with the coniferous site, the deciduous site
showed low pH level and though, there were no
significant changes of soil pH with respect to
sampling time and soil depth, gradual decreases
of pH level from winter to summer were com-
monly observed in two sites. Although air
temperatures exceeded 35°C in summer and
dropped to —15°C in winter, the soil tempera-
tures of two forest soils fluctuated between a
high of 22°C in August and a low of —5°C
in February. The moisture contents of deciduous
and coniferous site fluctuated around 40% and
30% of the dry weight for most of the year,
respectively. Organic carbon content in deci-
duous site was approximately two times higher
than coniferous site and tended to be highest
in February. Remarkable variation in total

nitrogen content was not found throughout a

Table 1. Soil properties of two different forest-stands. (Mean + Standard Error)

\\ Month JUN AUG OCT DEC FEB APR

Site \ o
Deciduous Forest Stand
pH 4.240.14 4.54:0.13 4.36--0. 08 5.1240.08 5.14+0. 10 5.0%0.05
Temperature (C) 18. 40+0. 33 18.7+0.37 18.140.29 1. 90+0. 86 0.30+1.45 11. 640. 66
Moisture content (%) 37.362. 54 42.8+1.30 31.14%*1.16 36.6+0.65 43.1441.97 46.0%1.23
Organic C (%) 7.461+1.32 4.536%1.68 6.03+1.80 8.896+1.26 14.33141.69 9.18+0.91
Total N (%) 0.274+0. 04 0.25%0.05 0.25+0.03 0,2310.03 0.34+0.03 0. 234:1:0. 04
Coniferous Forest Stand
pH 4.98+£0.09  4.96:+0.07  4.90+£0.06 5.10+0.09  5.32+0.06  5.04%+0.06
Temperature (C) 18.5+0.32  21.74+0.26 20.0+0.16 0.30+0.89 —0.40%+1.57  10.4:+0.24
Moisture content (%) 24.78+1.79 17.681+0.78 24.88+1.81 17.68+0.55 18.66+2.33 25.16+5.54
Organic C (%) 3.61+1.01 3.45+1.33 4.57+%1.50 2.38+0.61 5.381+1.75 2.8210.51
Total N (%) 0.1440.02 0.24:+0.02 0.16+0.03

0.22+0.03  0.20+0.02

0.2120.01
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Table 2. Seasonal distribution of Trichederma spp. in deciduous and coniferous forest soil.

Deciduous forest soil

Coniferous forest soil

Popula'tion size Relative pop. Cy** (Year) Popula_tion size Relative pop. Cy*+
of Trichoderma  size of Tricho- o Month of Trichoderma size of Tricho- o
spp. (x10%/g) derma spp. (%) (%> spp. (x10%/g) derma spp.(%) %)
10. 61+2. 5* 1.18 52.3 1982 JUN 7.4%+1.5 1.25 47.2
10.8+2.3 1.79 47.4 AUG 6.0+1.3 2.13 48.1
10.4+£2.3 1.09 51.2 OoCT 6.8+1.2 1.36 39.7
6.0+1.2 1.25 44,7 DEC 3.010.6 0.92 42.3
5.3x1.2 1.39 50.6 1983 FEB 3.840.8 1.14 48.4
9.24+2.0 1.90 48.8 APR 5.8+1.3 1.86 50.3

*. mean+tstandard error

**. coefficient of variation between different soil depth

year but the highest values were shown in
February in common with those of organic
carbon. In contrast, sharp decreases in contents
of organic carbon and total nitrogen with
increasing soil depth, especiaily between D1 (0-
10cm depth) and D2 (10-20cm depth) were
observed.

Seasonal distribution of Trichederma spp.

Variations in propagule number of Tricho-
derma spp. causcd by differences in sampling
time were examined. As shown in Table 2,
the propagule numbers of Trichederma spp.
and ratios of Trichoderma spp. to total fungi
differcd considerably bctween the sampling
times. Total population of Trickederma spp.
in the two sites increased until June (in
deciduous site) or August (in coniferous site)
and then declined until February (in deciduous
The

seasonal trend of propagule numbers of Trich-

site) or December (in coniferous site),

oderma spp. is in agreement with the results
of other investigators. Widden ez al. (1980)
found the increase of Trichoderma spp. prop-
agules wuntil July in spruce forest soil and
Nelson (1982)

frequent occurrence of Trichoderma

also demonstrated the most
spp. in
August in Douglas-fir soil.

Although more abundant propagules of Tri-
choderma spp. occurred in deciduous site, there

were no distinct differences in relative popula-

tion size of Trichoderma spp. (percent of total
fungal propagules) between the two soil stands.
Relative populalion sizes of Trichoderma spp.
in deciduous site were accounted for 1. 09-1. 90%
(mean: 1,42%) and those of coniferous site
were 0.92-2.13% (mean: 1.44%). The data
accorded with the results obtained by Widden
(1979) from the some deciduous and coniferous
sites located in southern Quebec. However,
Okada (1938) reported the different ratios (0-
83.3%) of Trichoderma spp. to all fungi accor-
ding to various vegetation types. From spruce
forest soil in south of Sweden, Séderstrom
(1975) found that Trichoderma spp. made up
11% of all isolates. By all accounts it seemed
that the enormous discordances in relative
population sizes of Trichoderma spp. with the
different investigations were due to differences
in techniques used for the isolation of Tricho-
derma. spp. For example, Nelson (1982) could
isolate only one colony of Trichoderma spp. in
nearly 2000 fungal colonies by dilution plate
method, whereas it was isolated at a frequence
of 10% from Mueller-Durrell
supporting a Douglas-fir stand. In addition,

tubes in soil

there is no one medium that is entirely used
for the isolation of all kinds of soil microor-
ganisms and consequently types of medium
used in experiments might be an another main

element affecting the relative population sizes
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Deciduous site
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Table 3. Vertical distribution of Trichoderma spp. in deciduous and coniferous forest soil.

Coniferous site

Pop. size of Relative pop. dSO:}ll Pop. size of Relative pop.
Trichoderma*  size of Tricko- **CV (%) P Trichoderma*  size of Tricho- **CV(%)
spp. (x10%°/g)  derma spp.(%) spp. (x10%/g) derma spp. (%)
20.6x2. 4 1.85 28.7 D, (0-10cm) 13.4+1.7 2.07 31.4
10.241.1 1.43 26.8 D,(10-20cm) 6.010.7 1.75 29.5
5.940.8 1.29 34.4 D3(20-30cm) 3.6+0.5 1.22 32.4
3.040.4 1.28 33.2 D4(30-40cm) 1.34+0.1 1.03 25.7
2.34+0.3 1.25 35.3

*. mean-standard error

D;s(40-50cm)

1.330.1 .11 27.2

**: coeficient of variation between different sampling time

of Trichoderma. spp.
Vertical distribution of Trichederma spp.

Table 3 shows the spatial variations of Tri-
choderma spp. propagules occurred in two forest
soils with respect to different soil depth. Gene-
rally, decreases of absolute and relative propa-
gule numbers of Trichoderma spp. with increa-
sing soil depth were observed commonly in the
two sites. A conspicuous reduction occurred
especially between D1 and D2 layer. The rela-
tive population sizes of Trichoderma spp. in
D1 layer were approximately eight times greater
than those of D5 layer.

Even though it is difficult to explain environ-
mental factors which are probably responsible
for the limitaticn of vertical distribution, the
present data indicated that Trichoderma spp.
propagules were, at least to a depth of 50cm
and occurred much more frequently in soil
layers high in organic content. A limiting
supply of oxygen, especially in poorly aerated
soils have been proposed as a factor preventing
development of more extensive fungal popula-
tions in the deeper soil horizons (Wicklaw et
al., 1974; Witkamp, 1971). In contrast, Nelson
(1982) isolated Trichoderma species to a depth
of 100cm and proposed that soil aeration is
not a limiting factor but organic content is a
major factor in occurrence of Trichoderma
spp. in deeper soil horizons. In the previous
report(Rhee et al., 1982), it was indicated that

organic content is not the most important factor
despitc of the most occurrence of Trichoderma
spp. propagules in L and F horizons. Further
detailed investigations are therefore needed to
understand the limiting factor(s) affecting the
vertical distribution of Trichoderma spp. For
a comparison the variations of propagule num-
bers of Trichoderma spp. causing by differences
in sampling time and soil depth, tabulations of
the mean coefficient of variation (CV9%) were
also performed on the examined data. As shown
in Table 2 and 3, the mean CV values for the
variation between different soil depth were
49.2% (in deciduous site) and 46.0% (in
coniferous site), which were higher than those
for the variation between different sampling
time. From these data, it is probably possible
to suggest that variation in propagule numbrs
of Trichoderma spp. caused by differences in
soil depth was greater than that caused by
differences in sampling time. There are no
available data which are comparable with these
results, but same greatness of spatial variation
in fungal biomass with the variation between
different sampling dates were demonstrated by
Baath et al. (1982).
Species distribution

Isolates of Trichoderma spp. were identified
to species using Rifai’'s (1969) key and the
bethavior of individual species of Trichoderma
was compared each other by the observation of
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Fig. 1. Occurrence frequency of individual species
of Trickoderma with respect to sampling
time in deciduous site (percent of total
Trichoderma isolates). Tv: T. viride, Tk:
T. honingii, Tp: T. polyspoum, Th: T.
hamatum, To: other species of Trichoderma
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Fig. 2. Qccurrence frequency of individual species
of Trichoderma with respect to sampling
time in coniferous site. All abbreviations are
the same as Fig. 1.

their occurrence patterns with respect to sam-
pling time.

As presented in Fig. 1 and 2, there were no
noteworthy differences in species distribution
between deciduous and coniferous site but
marked effects of sampling time on the distribu-
tion of individual species were observed. Among
the identified species, when comparing the
yearly mean frequency value, the most common
species in two sites was T. viride, followed by
T. polysporum, T. koningii and T. hamatum,
and these 4 species comprised 91.1% and
85.6% of all the Trichoderma spp. isolates of

deciduous and coniferous site, respectively. In
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common with the data presented in this study,
T. polysporum and T. viride have been reported
as the most common species in a number of
forest soils (Soderstrom, 1975; Widden et al.,
1980; Nelson, 1982). Furthermore Widden
(1979) suggested the statistically significant
difference in abundance for T. polysporum and
T. hamatum between deciduous and coniferous
site but no differences between the two sites
were found in this study.

T. viride was abundant throughout a year
and was dorminant from spring to autumn, On
the other hand, T. polysporum was dominant
species in December and February, and decrea-
sed to low levels in August. In spite of the
overall seasonal effect, T. koningii did not show
any conspicuous changes in abundance frequency
from month to month. 7. hamatum showed
increasing abundance from autumn to winter
and tended minimum in August. Up to now, a
few investigations have demonstrated the distri-
butions of Trichoderma species. Danielson et
al. (1974a) indicated that T. viride and T.
polysporum were geographically restricted to
cooler regions and T, koningii and T. hamatum
were widely distributed. In addition, it was
also suggested that species of Trichoderma
typical of cool geographic regions possessed
lower temperature optima and maxima than
those from warm climatic regions (Danielson
et al., 1974b). These trends were also found
by Widden et al.(1980), who pointed out that
T. polysporum was most abundant in the fall
and winter, T. viride in the spring and fall,
and T. konmingii occurred most frequently in
the summer. The data presented here are
generally consistant with the those of Widden
et al., with the exception of the occurrence of
T. viride to a large extent in summer. However,
strikingly contrasting results were proposed by
Martinez et al. (1979), who studied microfungal
community of an andosols and found the

seasonal trends of T. harzianum with diminish-
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ing abundance from winter to autumn, 7.
polysporum with opposite behavior, and T.
kamatum with increasing from winter to sum-
mer.

These results of the seasonal trend of Tricho-
derma species may be indicating that Tricho-
derma species vary greatly in their ecological
and physiological properties, and then show
differing ecological niches and responses to the
complex environmental factors. In order to
obtain more useful informations further studies
on their ecological and physiological properties
are needed,

Effect of environmental factors

In an attempt to elucidate the variations in
the propagule numbers of Trichoderma spp.
in terms of the changes in the environmental
parameters, the relationships of Trichoderma
spp. density to abiotic and biotic factors were
established by calculating simple linear corre-
lation coefficients.

Generally, environmental parameters which
are responsible for the distribution of soil
microorganisms include climatic factor, physico-
chemical properties of soil, nutritional factor,
and influences of the associated microflora.
Among the abiotic parameters, soil temperature
and soil pH are obviously major environmental
factors governing the growth and activity of
the fungi as pointed out for example by Bissett
et al. (1979), and especially, the tremendous
seasonal variation in numbers of fungi can
casily be attributed to the effects of temperature.
Neverthless, both of soil temperature and pH
did not showed any significant correlations (P
<0.05) with the abundance Trickoderma spp.
(Table 4). This is in accordance with the
results of Lundgren et al.(1983), who found
that soil temperature or changes in temperature
did not influence the bacterial numbers to any
detectable degree in soil. Meanwhile, as indica-
ted by many investigators (Lund et al., 1980;
Hunt, 1983) as a primary controlling factor,
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Table 4. Correlation coecfficients (r-values) between
the propagule numbers of Trichoderma
spp. and environmental factors in two
forest soils.

Propagule number of
Trichoderma spp.

VARIABLES
Deciduous Coniferous

site site
Soil pH NS+ NS
Soil temperature NS NS
Moisture content NS 0. 610%**
Total nitrogen content 0.694*** 0.537%*
Organic carbon content 0.423*  0.779***

0. 744%%*  (.726%+*
0.711%%* (.653***
0. 858*** (. 834***
0. 497#* 0. 648"*

Soil respiration

Number of total bacteria
Number of total fungi
Soil CMCase activity

NS* : Not significant
* : Significant at the 0.05 level
** ! Significant at the 0.01 level
*+% - Significant at the (. 001 level

Table 5. Equations from multiple-regression analyses
for the occurrence of Trichoderma spp. in
two forest soils.

Site Regression equation R?

Deciduous Y=3.78+0.27(TF)+0.26(CMC) 0.48
Coniferous Y=-—19.01+0.20(TF)+0.30(MC) 0.65
+3.94(0C) +0.06(TB)

Y is propagule numbers of total fungi, CMC=
soil CMCase activity, MC=moisture content, OC=
organic carbon content, TB=numbers of total
bacteria

the strong significance (P<{0,001) of moisture
content was observed in coniferous site where
the moisture content ranged 17.6~25.1% of
the dry weight throught a year.

On the other hand, the propagule numbers
of Trichoderma spp. in deciduous and coniferous
site showed commonly high (P<{0.01) or strong
(P<0.001) correlations with biotic parameters
such as soil respiration (r=0,744**, r=
0.726***  respectively), soil CMCase activity
(r=0.497*%, 1=0.648%*%),
bacteria (r=0.711%*¥, r=0, 653***), and num-
ber of total fungi (r==0.858***, r=0, 834***).

number of total
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These results seemed to indicate the general
trends that variations in propagule numbers of
Trichoderma spp. were principally mediated by
the actions of biotic factors rather than by the
direct effects of abiotic environmental factors.
With a view to determine the variables most
affecting distribution of Trichoderma spp.,
multiple-regression analyses were also carried
out. In primary multiple-regression analysis,
most of the independent variables were insigni-
ficant, and werc hence omitted. The regressions
were then recalculated with independent varia-
bles which showed significances (P<C0.05) in
first analysis. An shown in Table 5, statistically
significant parameters for the distribution of
Trichoderma spp. in deciduous site were number
of total fungi and soil CMCase activity, and
gave an R? value of 0.48. In equation for the
distribution of Trichoderma spp. in coniferous
site, number of total fungi, moisture content,
number of total bacteria, and organic carbon

&
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content were the significant (P<{0.05) indepen-
dent variables and an R? values of this equation
was 0.65, These resulting equations indicate
that 489 and 65% of the variations in 7 richo-
derma spp. propagules in deciduous and conife-
rous site, respectively could be accounted for
by those environmental factors. As compared
the regression coefficients with the simple linear
correlation coefficients, same tendency in the
action of factors to Trichoderma spp. was found.
Because all possible influencing environmental
factors were not measured in this study, it is
difficult to provide satisfactory explanations for
the relationships between Trickoderma spp. and
the environmental factors on fungal propagules
but the results of multiple-regression analyses
are also indicating that biotic factors exert
greater influences upon the variation in the
occurrence of Trichoderma spp. than abiotic

factors.

2
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