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Abstract.

Raphanus sativus, Pythium spp., Pisum sativum

The effects of peat : vermiculite mixes on increased growth response of radish (Raphanus sativus L. ‘Early

Scarlet Globe’) induced by Trichoderma harzianum Rifai (isolate T-12) were investigated. Canadian sphagnum peat
and vermiculite were mixed in various ratios to form 0—100% peat mixes. Four levels of T-12 amendment were added
to these mixes—0%, 2%, 5%, and 10% (v/v) or 0%, 0.1%, 1%, and 10%. In general, increasing levels of T-12
amendment induced linear increases in radish dry weights after 4 and 5 weeks. Greatest increases were seen in mixes
containing 20% peat or 80% peat. The smallest increases were observed when T'. harzianum was added to 0% peat
or 100% peat mixes. There was no effect on the population densities of T-12 after it was introduced into the mixes.
No Pythium spp. or root disease were detected in the mixes, suggesting that T. harzianum, a biological control agent,
can increase plant growth independent of any detectable root pathogens.

The use of Trichoderma spp. as biological control agents has
been investigated extensively (1, 4, 6, 8). In most instances,
increased plant growth and yields were attributed to reductions
in plant disease. Recently, Trichoderma harzianum induced in-
creased plant growth independent of any plant disease (2, 3).
Stimulation of plant growth also was demonstrated in plants
grown under gnotobiotic conditions (13). T. harzianum amend-
ments hastened germination and flowering, increased the num-
ber of blooms per plant, and increased shoot height and dry
weight (3). Preliminary investigations established that soil pH,
temperature, soil-mix composition, and amendment formula-
tion affect the expression of growth response. The purpose of
this research was to examine the effects of 2 soil-mix compo-
nents, peat and vermiculite, on T. harzianum and the enhanced
growth of radish. Effects of these and other environmental pa-
rameters must be ascertained before consistent and cost-effec-
tive results can be achieved with Trichoderma spp. in the
horticultural industry.

Materials and Methods

T. harzianum (7T-12) amendment. T. harzianum Ritai isolate
T-12 (7) was cultured on a medium of equal parts of wheat
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bran, peat moss, and water (by volume) (12). The medium was
placed in 2-liter Mason jars and autoclaved for 1 hr on 2 suc-
cessive days. Potato dextrose agar (PDA) plugs (4 mm in di-
ameter) of T-12 were added to the medium, and the cultures
were incubated for 14 days at 28°-30°C. This mixture was air-
dried, powdered by grinding in a Wiley mill, and screened
through a 2-mm sieve.

Peat : vermiculite mixes. Nonsterile Canadian sphagnum peat
and vermiculite #3 (Grace Horticultural Products, Cambridge,
MA 02140) were mixed (v/v) to make 6 combinations as fol-
lows: 100% peat : 0% vermiculite, 80% peat : 20% vermiculite,
60% peat : 40% vermiculite, 40% peat : 60% vermiculite, 20%
peat : 80% vermiculite, and 0% peat : 100% vermiculite. These
mixes were designated 100P, 80P, 60P, 40P, 20P, and OP,
respectively. The pH and water holding capacity (w/w) of the
peat and vermiculite were 3.2 and 642%, and 6.0 and 530%,
respectively.

T. harzianum soil-mix treatments. T-12 peat-bran amend-
ment was mixed with each peat : vermiculite combination at
0%, 2%, 5%, and 10% (v/v). In the 2nd experiment, T-12 peat—
bran amendment was added at 0%, 0.1%, 1%, and 10%. Pre-
vious work (2) showed that uninfested peat-bran amendment or
autoclaved Trichoderma peat-bran amendment added to growth
media had little effect, or decreased plant growth. In these ex-
periments, peat : vermiculite mixes not treated with T-12
amendments were used as controls to which comparisons were
made. Each treatment was placed in 8 plastic pots (7 X 7 X
6 cm). Five radish seeds were planted in each pot, and the plants
were thinned to 3 per pot after emergence. Pots were arranged
in a completely randomized design on a greenhouse bench, with
8 replicates. Average day and night temperatures were 22° and
12°C, respectively. No additional lighting was used. Plants were
irrigated with a fertilizer solution diluted 1:200 through an in-
jector (9) from a stock solution containing 17.1 kg KNOs, 6.1
kg NH4NO;3, 6.2 MgSO,, 2 liters phosphoric acid (80%), 190
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g H3BO;, 30 g ZnSO,, 6.3 g ferric ethylenediamine di-o-
hydroxyacetic acid, and 16.6 g CaNO; in 190 liters of water.

One plant per pot was removed after 3, 4, and 5 weeks. Plants
were oven-dried at 60°C, and shoot and root weights were de-
termined. Plant dry weight data were transformed to log;, to
minimize the increase in the Cv resulting from increasing plant
size. Shoot and total dry weights (log,o) were analyzed by
analyses of variance (ANOVA), orthogonal polynomials, and
regression analyses. One-way ANOVA was also performed on
data at each T-12 level within a peat : vermiculite treatment.
Duncan’s multiple range test was used for mean separation.
Significance was measured at P = 0.05. Only shoot dry weight
data are presented, but similar results were obtained with total
dry weights.
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Fig. 1. Effect of peat : vermiculite mixes and Trichoderma harzianum

on shoot dry weights of radish. n =
weeks, B = 4 weeks, C = 5 weeks.

8. First experiment. A = 3

T. harzianum (T-12) population densities were quantified on
Trichoderma-selective medium (5). Samples of each peat : ver-
miculite combination were oven-dried at 50°C, and the per-
centage of moisture was determined. All T-12 population densities
were expressed as colony-forming units (cfu) per gram of oven-
dried peat : vermiculite mix. To assay for Pythium spp., a cul-
tivar of pea (Pisum sativum L. ‘Laxton Progress’), which is
susceptible to low population densities (10 propagules/g soil) of
Pythium spp., was used (10). Five pea seeds were planted in
each pot after the last radish plant was removed. Plant emer-
gence percentages were recorded after one week, and plants
were examined after 2 weeks of damping-off symptoms. Pea
roots were selected at random from each peat : vermiculite
combination and placed on Pythium-selective medium (11).
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Results

Effects of peat : vermiculite mixes and T-12 on radish dry
weights. Overall peat : vermiculite (P) X Trichoderma (T) treat-
ment interactions were significant in both experiments. P X T
X time interactions were observed only in the 2nd experiment.
When data at each sampling time were analyzed separately, P
X T interactions were significant at 3 and 4 weeks in the first
experiment; and at 3 weeks in the 2nd experiment. In general,
increasing levels of T-12 caused linear increases in dry weight
at 4 and 5 weeks, when T-12 treatments were averaged over
peat : vermiculite treatments in both experiments. Exceptions
were seen at the 0% and 100% peat combinations in the first
experiment. Peat : vermiculite effects showed both quadratic
and linear trends when averaged over T-12 treatments.
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Fig. 2. Effect of peat : vermiculite mixes and Trichoderma har-

zianum on shoot dry weights of radish. n = 8. Second experiment.
A = 3 weeks, B = 4 weeks, C = 5 weeks.

The following effects of T-12 on plant growth were observed
in comparison with appropriate peat : vermiculite combinations
not treated with T-12. T-12 exhibited the greatest positive ef-
fects (increase in slope) in the 20P and 80P treatments in both
experiments at 4 and 5 weeks (Figs. 1 B and C, and 2 B and
C). T-12 (10%) significantly increased shoot dry weight (137%
and 149%, respectively), after 5 weeks (Fig. 2).

Increases in dry weight induced by T-12 in the 40P and 60P
treatments were not as great as in the 20P and 80P treatments.
In the first experiment, application of T-12 (10%) significantly
increased shoot dry weight in the 40P treatment after S weeks
(Fig. 2C). Significant increases in total dry weight were ob-
served in both the 40P and 60P treatments. In the 2nd experi-
ment, T-12 did not significantly affect shoot or total dry weight
in either the 40P or 60P treatments.
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Fig. 3. Trichoderma harzianum isolate T-12 population densities over

time. Each point represents pooled average population densities of
all peat : vermiculite treatments. Bars represent average standard
errors of the line (square root of error means squared (ems) divided
by n) n = 6. A = First experiment, B = 2nd experiment.

T-12 caused the smallest increases in dry weight in the OP

and 100P treatments after 4 and 5 weeks. In the first experiment,
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Fig. 4. Effect of Trichoderma harzianum isolate T-12 on shoot dry
weights of radish grown in various peat : vermiculite mixes. A =
First experiment, B = 2nd experiment.

T-12 reduced shoot dry weight in the OP treatments at all sam-
pling times. T-12 did not increase shoot dry weight significantly
in the OP or 100P treatments in either experiment.

Under some conditions, however, T-12 decreased radish
growth. At 3 weeks, increasing T-12 caused a slight decrease
(negative slope) in shoot dry weight (Figs. 1A and 2A). This
deleterious effect was not observed in the 100P treatments, where
positive slope values were observed.

Effect of peat : vermiculite mixes on T-12 population densi-
ties. No significant differences in T-12 population densities were
observed among peat : vermiculite treatments within each T-12
treatment. Population densities were averaged over all peat
treatments and are presented in Fig. 3. In both experiments, the
population density of Trichoderma spp. in the nonamended mixes
ranges from 100 to 20,000 cfu/g. The original population den-
sity of T-12 added to the mixes determined the subsequent pop-
ulation densities maintained throughout the experiment. In the
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first experiment, population densities added to the treatments
were within one log unit of each other (1.4 X 107, 6.7 x 10°,
or 2.4 x 10 cfu/g). After 5 weeks, average population den-
sities in T-12 treatments were still separated by less than one
log unit (Fig 3A). In the 2nd experiment, 1.2 X 108, 1.2 X
107, or 1.2 X 10° cfu/g of T-12 was originally added. After 5
weeks, average population densities of T-12 treatments were
still separated by one log unit (Fig. 3B).

Pythium spp. were not detected in any treatments, and about
80% of the pea seeds germinated in every treatments. Harvested
radish and pea roots showed no root disease symptoms.

Discussion

T. harzianum isolate T-12 increased shoot and total plant dry
weight of radishes in most mixes, independent of detectable
plant pathogens. The peat : vermiculite ratio of the mix influ-
enced the expression of this growth response, in many cases
interacting with the level of T-12 added to the mix. Since peat
: vermiculite levels had no effect on T-12 population densities,
effects on plant dry weight within each T-12 level cannot be
explained by variations in T-12 populations. The different soil
environmental conditions (i.e., pH, soil aeration, moisture lev-
els) in each mix might have influenced the production of a
secondary metabolite or metabolites by T-12, which caused
increased plant growth. This secondary metabolite might be a
hormone-like compound that stimulates different plant re-
sponses. To date, however, Trichoderma spp. have not been
reported to produce any plant hormones. 7. harzianum might
also produce enzymes that degrade peat into nutrients available
to the plant.

The greatest increases of plant dry weight induced by T-12
were observed in the 20P and 80P treatments (Fig. 4). In the
20P and 80P treatments not receiving T-12, growth of radishes
was sub-optimal when compared with the corresponding 40P
and 60P treatments. T-12 overcame whatever factors were re-
sponsible for sub-optimal growth. T-12 had the least effects in
the OP (100% peat) treatments (Fig. 4). Plants without T-12
treatment were stunted and chlorotic. Apparently, T-12 did not
overcome these growth-limiting factors. Poor soil aeration might
be a growth-limiting factor in the 100P treatments, which were
constantly saturated because of the high water-holding capacity
of peat. High vermiculite mixes were observed to cause stunting
(R. Baker, unpublished data). The 40P and 60P mixes gave the
best growth of radishes in the absence of T-12. The rapid and
lush growth of radishes in these mixes partially masked the
growth-promoting effect of T-12. Time also influenced the
expression of T. harzianum growth response. The greatest pos-
itive effects of T-12 were seen at 4 and 5 weeks. At 3 weeks,
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T-12 had little or no effect. High levels of T-12 (10%) decreased
shoot dry weight after 3 weeks in mixes with high levels of
vermiculite. High peat levels protected radishes from this growth
depression. It is still unclear whether differences in soil mixes
directly affect the receptivity of the plant to the growth-pro-
moting factors produced by T. harzianum or whether differ-
ences in soil environment directly influence the fungal production
of some secondary metabolite. Further research on the nature
and identity of this growth-promoting factor is needed.

Literature Cited

1. Baker, K.F. and R.J. Cook. 1974. Biological control of plant
pathogens. Freeman, San Francisco.

2. Baker,R., Y. Elad, and I. Chet. 1984. The controlled experiment
in the scientific method with special emphasis on biological
control. Phytopathology 74:1019-1021.

3. Chang, Y., Y. Chang, R. Baker, O. Kleifeld, and I. Chet.
1986. Increased growth of plants in the presence of the biolog-
ical control agent Trichoderma harzianum. Plant Dis. 70:145—
148.

4. Chet, I. and R. Baker. 1981. Isolation and biocontrol potential
of Trichoderma hamatum from soil naturally suppressive to
Rhizoctonia solani. Phytopathology 71:286-290.

5. Elad, Y., I. Chet, and Y. Henis. 1981. A selective medium for
improving quantitiative isolation of Trichoderma spp. from soil.
Phytoparasitica 9:59-67.

6. Elad, Y., I. Chet, and J. Katan. 1980. Trichoderma harzianum:
a biological agent effective against Sclerotium rolfsi. Phytopath-
ology 70:119-121.

7. Hadar, Y., G.E. Harman, and A.G. Taylor. 1984. Evaluation of
Trichoderma koningii and T. harzianum from New York soils for
biological control of seed rot caused by Pythium spp. Phytopath-
ology 74:106-110.

8. Harman, G.E., I. Chet, and R. Baker. 1980. Trichoderma ha-
matum effects on seed and seedling disease induced in radish
and pea by Pythium spp. or Rhizoctonia solani. Phytopathology
70:1167-1172.

9. Holley, W.D. and R. Baker. 1963. Carnation production. Brown,
Dubuque, Iowa.

10. Lifshitz, R., M.T. Windham, and R. Baker. 1986. Mechanisms
of biological control of preemergence damping-off of pea
by seed treatment with Trichoderma spp. Phytopathology 76.
(In press)

11. Mircetich, S.M. and J.M. Kraft. 1973. Efficiency of various
selective media in determining Pythium populations in soil. My-
copathol. Mycol. Appl. 50:151-161.

12. Sivan, A., Y. Elad, and [. Chet. 1984. Biological control effects
of a new isolate of Trichoderma harzianum on Pythium aphan-
idermatum. Phytopathology 74:498-501.

13. Windham, M.T., Y. Elad, and R. Baker. 1986. A mechanism
for increased plant growth induced by Trichoderma spp. Phy-
topathology 76:518-521.

J. Amer. Soc. Hort. Sci. 111(5):810-814. 1986.

/0’ #7/PU-ou-Aq/sasua9l|/610 suowodaAeal0//:sdny (/0" #/puU-ou-Ag/sesual|/Bio’suowwooaAlealo//:sdiy) asuaol|
AN-DON-Ag DD 8y} Japun pajnguisip ajole ssaooe uado ue si siy| "Sse00y uadQ BIA G0-/0-5Z0Z 1e /woo Aloyoejgnd poid-swinid yiewssyem-jpd-swiid//:sdiy wol) pspeojumoq





