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ABSTRACT : We developed an in vitro assay method for evaluating plant growth pro-
motion and providing an evidence that the growth promotion is rendered by growth enhanc-
ing factors. The amendment of culture filtrates of Trichoderma harzianum T95 and Gliocla-
dium virens G872 and G872B in Murashige and Skoog (MS) agar medium enhanced the co-
tyledon growth of cucumber in terms of fresh weight and primary leaf area of cucumber co-
tyledon cuttings, of which the treatment of G. virens G872B was the most effective. The my-
celial culture filtrate of G872B was more effective in the growth promotion than its conidial
germling filtrate. The addition of 1% sucrose in MS mineral medium with 0.1% culture fil-
trates of the antagonists (T95 and G872B) was optimum for enhancing the effect of the fil-
trates on the growth of cotyledon cuttings in vitro. When cucumber seeds treated with G-
872B, Pseudomonas putida Pf3 or the G872B-Pf3 mixture were planted in a greenhouse, the
rate of seed germination, biomass of shoot and root, and yield of cucumber fruits were in-
creased, especially by G872B or the G872B-Pf3 mixture. Correspondingly, cucumber fruit
yields in early to middle-cycles of harvest were significantly greater in the plots of G872B
than the control and Pf3-treated plots, and the final yield was highest in the plots of the G-
872B-Pf3 mixture application.
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Besides microbial antagonists can control plant
diseases, one of other attractive features is the stimu-
lation of plant growth. There are numerous instances in
which biocontrol agents, inoculated onto seeds and
roots and into soil, enhanced plant growth (4,7, 8).
However, the mechanisms of the growth promotion by
the agents have not been defined clearly yet.

Plant growth stimulation is hypothesized to be deriv-
ed mainly from the suppression of harmful rhizosphere
microorganisms, such as major or minor plant patho-
gens (11, 12,14, 15). On the other hand, the growth
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responses induced by Trichoderma spp. or Gliocla-
dium virens appear to be due to production of a
growth regulating factor (4, 5, 9). Windham et al. (17)
reported that when seeds of maize, tomato and tobacco
were placed with Trichoderma spp. and separated by a
cellophane barrier, seed germination started earlier by 1
to 2 days, compared with untreated checks. Recently,
Jang et al. (9) also reported that the cucumber co-
tyledon grew well on Murashige and Skoog (MS) min-
eral agar medium supplemented with culture filtrates of
Trichoderma spp. or Gliocladium virens compared
with that without fungal filtrates.

The objective of this study is to examine the effects
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of rhizosphere microorganisms on plant growth pro-
motion in cucumber. For evaluating the plant growth
promotion, a new in vitro assay method was also de-
veloped in this study.

MATERIALS AND METHODS

Preparation of fungal filtrate and optimization of
MS medium. Microbial isolates used in this test
were Trichoderma harzianum T95 and Gliocladium
virens G872 and G872B, which are described else-
where (2, 3). Mycelial disks of T95, G872 and G872B
were introduced to 100 ml of MS broth tissue culture
medium in 250 ml Erlenmeyer flasks. Unless otherwise
indicated, the original recipe of MS medium was mod-
ified to exclude myo-inositol, nicotinic acid, pyridoxine-
HC], thiamin-HCl and glycine throughout the ex-
periment. Cultures of isolates were incubated at 26°C
on a rotary shaker for 4 days. After incubation, the cul-
ture filtrate of each isolate was prepared by filtering
through a sterile membrane filter (nitro-cellulose, 0.2
pm). The filtrate was added at 0.1% concentration to 30
ml of MS agar medium in a 100 ml Erlenmeyer flask.

To examine whether the fungal isolates excrete
growth factors during conidial germination or mycelial
growth, culture filtrates were prepared by conidial
germling culture of 24 hr-incubation and mycelial cul-
ture of 4 day-incubation in MS broth medium at 26°C
on a rotary shaker (50 rpm) prior to filtering through a
membrane filter as above.

As our preliminary investigation revealed that the
growth response of cotyledon cuttings in vitro was in-
fluenced by sucrose concentration, the effect of sucrose
concentration on the cucumber cotyledon growth was
also studied. Sucrose concentration in the modified MS
agar medium was adjusted to 0%, 1%, 2%, 3%, and ac-
cordingly the effect of culture filtrates of T95 and G-
872B, prepared as mentioned above, on the growth of
cotyledon cuttings was examined.

Tissue culture of cucumber cotyledon. Cucumber
seeds were surface-disinfected for 5 min in 1% sodium
hypochlorite solution and washed three times in sterile
distilled water. The seeds were allowed to germinate
on moist filter paper in a petri dish at 28°C. After co-
tyledons emerged from seed coat, the cotyledons with 3
mm of hypocotyl were aseptically cut off from young
seedlings. The cuttings were disinfected again for 1
min in 1% sodium hypochlorite solution, washed three
times in sterile distilled water, and blot on filter papers.

The cuttings were then placed upright on the surface
of the MS agar medium with various supplementation,
and were incubated at 28°C in a growth chamber for 10
days. After 10 day incubation the primary leaf area
and fresh weight of seedlings were measured. The ex-
periment was repeated twice.

Greenhouse experiment. The greenhouse ex-
periments, including application of seed-coating with G-
872B and Pseudomonas putida Pf3 and plot manage-
ment, were described (3). Briefly, cucumber seeds (cv.
Sa-yeup-Oi, Jungang Seed Co.) were surface di-
sinfected for 5 min in 1% sodium hypochlorite solution,
washed and air-dried for 1hr at room temperature.
Two grams of seeds were treated either with either 1
ml of the conidial suspension of G872B (cultured on
potato dextrose agar medium) or the suspension of Pf3
(cultured in King's B broth medium) in 0.1% methyl-
cellulose solution and air-dried for 1 hr. For the com-
bined treatment of both G872B and Pf3, both conidial
and bacterial suspensions were mixed to 1: 1 (v/v) pri-
or to seed treatment as above. Non-treated seeds were
dipped in 0.1% methyl-cellulose solution. Rate of seed
germination was examined 8 days after seeding. The
fresh weights of shoot and root were measured twice
(15 days after seeding and 40 days after transplanting).
Fruit yield was examined 50 days after transplanting
up to 80 days. Only the fruits longer than 25 cm were
picked every other day, at a total of eight times during
the experiment.

RESULTS

Effect of culture filtrate on the cucumber co-
tyledon cuttings in MS agar medium. Culture fil-
trate amendment enhanced remarkably fresh weight
and primary leaf area of cucumber cotyledon in MS
agar medium (Table 1). Especially, the treatment of
culture filtrate of G. virens G872B resulted in a sig-
nificant growth enhancement.

The growth of cucumber cotyledon cuttings in the
MS agar medium supplemented with the mycelial fil-
trate of G872B was much higher than that amended
with the conidial germling filtrate in terms of fresh
weight and primary leaf area (Fig. 1). The growth in
the media added with conidial germling filtrate was not
significantly different from the untreated check. This
result indicates that a growth stimulating factor was ex-
creted during mycelial growth.

Sucrose concentration was also an important factor



204 FA Bl A 117 A 45, 1995

Table 1. Effect of culture filtrates of fungal isolates T95,
G872, and G872B on the growth of cucumber cotyledon
cuttings in MS agar medium for 10 days at 28°C

a Fresh weight Primary leaf
Treatment (mg) area (cm’)
Untreated 392421 5.60+0.46
T95 495136 6.63+0.55
G872 495+42 7.58+0.53
G872B 57675 7.54+0.68

® The culture filtrate of each isolate was supplemented at
0.1% concentration in MS medium. T95 : Trichoderma
harzianum, G872 : Gliocladium virens, G872B :a mu-
tant of G. virens G872 tolerant to benomyl.

® Fach datum is the mean and standard error of four re-
plications with two plants each.
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Fig. 1. Effect of culture filtrates of conidial germlings
and mycelia of Gliocladium virens G872B on the growth
of cucumber cotyledon in MS agar medium at 28°C for
10 days in a growth chamber. Conidia germling cultures
were prepared by incubating for 24 hours and mycelial
cuitures were incubated for 4 days in MS broth at 27°C
on a rotary shaker.

affecting the growth of cotyledon cuttings in tissue cul-
ture medium (Fig. 2). The supplement of 1% sucrose
was the optimum for enhancing the effect of culture fil-
trate on the growth of cotyledon cuttings. The results
herein provided an in vitro technique to assay the ef-
fect of the culture filtrates of the isolates on the growth
and development of cotyledon cuttings to seedlings.
Enhanced cucumber growth and increased yield.
The total emergence of cucumber seedlings was sig-
nificantly higher in the plots of G872B or the G872B-
Pf3 mixture than Pf3 alone or untreated plots (Fig. 3).
Cucumber seeds treated with G872B or the G872B-Pf3
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Fig. 2. Effect of sucrose concentrations in MS agar
medium supplemented with fungal mycelial culture
filtrates on the growth-enhancing of cucumber cotyledon
cuttings. Cucumber cotyledon cuttings were incubated at
28°C for 10 days. Sucrose concentrations in MS agar
medium were adjusted to 0%, 1%, 2%, and 3%.
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Fig. 3. Percentage of cucumber seed germination in the
seed-coating applications with either G872B alone, Pf3
alone or G872B-Pf3 mixture in greenhouse potting soil.
Prior to seed treatment (2 g seeds vs. 1 ml suspension),
suspensions of G872B with 10° conidia per ml and Pf3
with 10° cells per ml were prepared and used alone or
mixed together with equal volumes of each isolate
suspension. CK : untreated check, G872B : G. virens, Pf3
: P. putida, G872B+Pf3 : G. virens-P. putida mixture.

mixture germinated earlier by about 1 day and sizes of
emerged seedlings in both plots were uniform com-
pared to those of the untreated plots. A similar ten-
dency was also noted for the growth of cucumber in
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Fig. 4. Biomass of root and shoot of cucumber
seedlings grown in greenhouse potting soil for 15 days
after sowing seeds with the biocontrol agents treated.
Each value is the mean of six replications with five
plants each. G872B : G. virens, Pf3 : P. putida.

terms of shoot and root weight 15 days after tran-
splanting (Fig. 4). Remarkable growth enhancement by
G872B was observed for root weight rather than for
shoot weight (Fig. 4).

Cucumber fruit yield from the plots of G872B alone
was significantly greater than those of any other treat-
ments throughout the harvesting-period (Fig. 5). The ac-
cumulated weight of cucumber fruits in the plots of Pf3
alone or G872B-Pf3 mixture was not significantly dif-
ferent from the untreated plots until the 6th harvesting,
and thereafter increased greatly compared to the un-
treated plots. The final yield was highest for the plots
of the G872B-Pf3 mixture application.

DISCUSSION

Two mechanisms have been demonstrated most fre-
quently to explain the nature of the increased plant
growth response induced by certain microorganisms.
The first hypothesis is that the enhanced growth main-
ly results from the control of harmful rhizosphere mi-
croorganisms (6, 12, 13, 15, 16). The other is that a mi-
crobial agent produces substances that stimulate plant
growth (9, 17). In this study, we have concentrated on
the substances relevant to plant growth stimulation.
The culture filtrates of the isolates used in this ex-
periment enhanced the growth and development of the
cucumber cotyledon cuttings (Table 1). The growth of
cotyledon cuttings in the MS agar medium sup-
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Fig. 5. Accumulated weight of cucumber fruits
harvested from the plants grown out of seeds with the
antagonistic microorganisms treated. Cucumber plants
were grown in greenhouse soil for 80 days after
transplanting. Cucumber fruits were picked every other
day. CK:untreated check, G872B:G. virens, Pf3:P.
putida, G872B+Pf3 : G. virens - P. putida mixture.

plemented with mycelial filtrates also was much higher
than that with conidial germling filtrates in terms of .
fresh weight and primary leaf area (Fig. 1). This result
indicates that growth-stimulating factor was excreted
during mycelial growth. We have previously suggested
that a rhizosphere-competent isolate reveals more rapid
mycelial growth than conidial production (2). Jeong et
al. (10) also demonstrated that a rhizosphere-competent
isolate kept up with root growth by means of mycelial
elongation. Therefore, we suggest that the rapid growth
of mycelia is the most essential attribute of the or-
ganism that potentially contributes to the plant growth
promotion as well as the rhizosphere competence.

The preliminary investigation revealed that the
growth of cotyledon cuttings in MS agar medium was
significantly influenced by the sucrose concentration in
the medium. The addition of 1% sucrose was optimum
for enhancing the effect of culture filtrates on the
growth of cotyledon cuttings (Fig. 2).

Based on these results obtained, the concentration of
0.1% culture filtrate in modified MS agar medium with
1% sucrose is recommended as a standard in vitro tech-
nique to screen promising microbial resources for
growth-enhancing substances and to assay the effect of
culture filtrates of isolates on the growth and de-
velopment of cotyledon cuttings to seedlings.

Windham et al. (17) reported that the rate and/or the
total emergence of tobacco and tomato seedlings in
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soil treated with Trichoderma spp. increased sig-
nificantly. Jang et al. (18) also reported that ap-
plication of Trichoderma spp. and G. virens to cu-
cumber seeds enhanced significantly the growth of
shoot and root of cucumber plants. Ahmad and Baker
(1) reported that Trichoderma spp. produced sig-
nificantly higher fruit weight and higher dry weights of
cucumber plants. In this study, we also demonstrated
that seed treatment with G872B or the G872B-P{3 mix-
ture significantly increased the rate of seed germination
(Fig. 3).

Cucumber fruit yield from the plots of G872B alone
was significantly greater than those of any other treat-
throughout the harvesting-period (Fig. 5).
However, the disease suppression by this isolate was
rather limited relatively to the early growth stage; the
final yield was highest in the plots of the mixture of G-
872B and Pf3. Although Pf3 was less effective in the
growth promotion and yield of cucumber than G872B,
consequently leading to less cucumber fruit production,
its population in the cucumber rhizosphere endures up
to 80 days after treatment (3), suggesting that the wilt
- incidence might be suppressed in a sufficiently long
period of time. Moreover, G872B and Pf3 are com-
patible in the colonization of the cucumber rhizosphere
(3). Accordingly, they are mutually compatible, pro-
viding synergistic effects that lead to successful disease
control and enhance fruit production.
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