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Correlations Between In Vitro and In Vivo Methods for
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ABSTRACT : To examine degree of correlations between in vitro and in vivo tests using see-
dlings for screening chemical compounds against corn smut caused by Ustilago maydis, five
fungicides were compared for their inhibitory activities by three test methods in laboratory
and seedling inoculation tests in the greenhouse. All of the three in vitro methods; agar dif-
fusion test, sporidial germination test, and minimum inhibitory concentration test were
found to be highly correlated for their results with those from the greenhouse seedling tests.
However, the results of agar diffusion test reflected most accurately those from the green-
house seedling test. This suggests that in vitro test such as agar diffusion test could be used
practically as a simple method for mass screening of chemical compounds against the smut

disease.
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Smut often causes considerable damages when im-
properly managed in cereals such as barley, wheat and
maize (1,2, 8,9). Control of this disease heavily de-
pends on seed dressing with systemic fungicides (3, 4).
However, due to the reduced effectiveness of such sys-
temic fungicides by development of resistant pathogen
strains, demands for developing new fungicides ef-
fective against smut diseases have been increased.

Screening of chemical compounds against smut
diseases has depended largely on field tests, and thus
required much time and effort. In fact, lack of a simple
screening technique hampered development of new
fungicides effective to smut diseases. For this reason,
we initiated a series of researches in 1994, and de-
veloped a screening technique with seedlings in the
greenhouse (5).

This study was performed to select dependable in vi-
tro methods for screening fungicides against a smut
fungus, Ustilago maydis, for the purpose of mass
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screening of chemical compounds, prior to in vivo tests
being performed. Parts of the research results have
been published elsewhere (6, 7).

MATERIALS AND METHODS

Inoculum preparation. Smut fungus, Ustilago
maydis was grown in potato dextrose agar (PDA) at
28°C for 4 days. Sporidia were harvested by gently
brushing the culture surface after adding sterile water.
Sporidial suspension used as an inoculum was adjusted
to various concentrations prior to inoculation.

Fungicides used and MIC tests. Five fungicides,
benomyl 50 WP, triadimenol 5 WP, bitertanol 25 WP,
CGA 173506, and metalaxyl 25 WP selected as a ne-
gative control were used in this study. CGA 173506, a
98% technical form was obtained from the Hannong
Chemical Co., and others were purchased from a mark-
et. All of the fungicides are soluble forms in water.

The fungicides were dissolved in PDA to make their
concentrations of 0.25, 0.5, 1, 2, 8, 16, 32, 64, and 128
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pg/ml, and plated in Petri dishes. The Petri dishes
were point-inoculated in the center with 0.1 ml of the
sporidial inoculum of Ustilago maydis at the con-
centration of 10 sporidia/ml, and incubated at 28°C.
Treatment was replicated fourteen times. Colony
growth of the smut fungus was checked 48 hr after ino-
culation.

Agar diffusion test. PDA was mixed thoroughly
with the sporidial inoculum at the concentration of 10’
sporidia/ml and plated in Petri dishes. Sterilized stain-
less rings (0.7 cm diam.) were placed on the medium
three rings each. Suspensions of each fungicide ad-
justed at the concentrations of 0.5 pg/ml, 1 pg/ml, 5
pg/ml, 10 pg/ml, 50 pg/ml and 100 pg/ml were put in-
side the ring 0.2 ml each. Treatment was replicated
five times. The Petri dishes were incubated at 28°C
and inhibition zone appearing around the ring was
measured 48 hr after incubation.

Sporidial germination test. Each fungicide suspen-
sion at the concentration of 5 pg/ml was thoroughly
mixed with sporidial suspension at the concentration of
107 sporidia/ml. The mixed suspension was put 100 ml
each into 250 ml flasks and placed in a shaking in-
cubator with 120 rpm at 30°C. Treatment was re-
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plicated five times. Sporidial germination rate was ex-
amined at 2 hr intervals until 8 hr.

Greenhouse test with corn seedlings. Corn cul-
tivar Jaerae was seeded two each in pots (10.5 cm
diam., 10 cm high) containing standard soil (Flora gard,
TKS 2) and grown in a greenhouse at 21~35°C until
use. Seedlings at the 4th leaf stage were sprayed with
each fungicide suspension at the concentrations of 10
pg/ml and 100 pg/ml using an atomizer in an ino-
culation rotary chamber, and left until air-dried. The
seedlings were then inoculated similarly by spraying
the sporidial inoculum at the concentration of 10°
sporidia/ml. Inoculated corn seedlings were kept in a
dew chamber at 28°C for 24 hr and placed in the green-
house for smut development. Smut development on the
inoculated seedlings was examined 10 days after ino-
culation based on the scale of 0 (healthy) to 5 (killed)
described elsewhere (5).

RESULTS

Minimum inhibitory concentration. Degree of
growth inhibition differed greatly with fungicides test-
ed (Table 1). CGA 173506 and bitertanol completely

Table 1. Minimum inhibitory concentration (MIC) of five fungicides as examined by the status of colony growth of

Ustilago maydis on PDA after 48 hr incubation at 28°C

Fungicid Degree of growth® at conc. (ug/ml) of MIC

ungicide
& 128 64 32 16 8 4 2 1 05 025 (ng/mb
Benomyl - - - - - - + + ++ ++ 4
Triadimenol - - - - - - + ++ ++ 2
Bitertanol - - - - - - - - + 0.5
CGA 173506 - - - - - - - - - - <025
Metalaxyl ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 128 <
Control ++ ++ ++ ++ ++ ++ ++ ++ ++ 0+ -

® Based on observations of fourteen replications. — : no growth, + : reduced growth, ++ : vigorous growth.

Table 2. Inhibition of growth of Ustilago maydis by five different fungicides 48 hr after incubation at 28°C in an agar

diffusion test

Diam. (mm) of inhibition zone at conc. (ug/ml) of

Fungicide

) 0.5 1 5 10 50 100
Benomyl 0 9.4 15.5 17.7 245 274
Triadimenol 0 0 0 0 34.8 389
Bitertanol 16.2 18.8 24.9 26.5 23.7 25.1
CGA 173506 19.6 36.0 453 479 474 47.7
Metalaxyl 0 0 0 0 0 0
Control 0 0 0 0 0 0

* Values are means of five replications.
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inhibited the growth of U. maydis with MIC of <0.25
pg/ml and 0.5 pg/ml, respectively, whereas metalaxyl
did not show any growth inhibition at the highest con-
centrations tested. Benomyl and triadimenol were in-
termediate with MIC of 4 pg/ml and 2 pg/ml, respec-
tively.

Size of inhibition zome. Inhibitory effects of the
fungicides shown by an agar diffusion test were gen-
erally similar to those of MIC test. CGA 173506 and
bitertanol began to inhibit the growth of U. maydis at
0.5 pg/ml and triadimenol at 50 pg/ml (Table 2). By
this test benomyl was found to be more effective than
triadimenol showing the inhibition zone appeared from
1 pg/ml. Metalaxyl did not develop any inhibition zone.

Sporidial germination. Among five fungicides test-

Table 3. Temporal germination of sporidia of Ustilago
maydis in sporidial suspension containing 5 ug/ml of
each of five fungicides after shaking-incubation at 30°C

% sporidial germination after

Fungicide

2 hr 4 hr 6 hr 8 hr
Benomyl 3.5 6.7 274 58.5
Triadimenol 1.4 5.4 28.4 77.7
Bitertanol 6.4 2.8 21.4 73.2
CGA 173506 0.5 1.1 134 18.0
Metalaxyl 3.1 7.5 49.1 70.5
Control 2.7 8.5 39.1 78.6

* Values are means of five replications.
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ed, CGA 173506 inhibited most effectively the spo-
ridial germination (Table 3). Metalaxyl did not affect
sporidial germination. Inhibition of sporidial ger-
mination by other three fungicides was similar with
much lower degree compared with CGA 173506.
However, degree of the inhibition varied significantly
with time of examination.

Seedling tests in greenhouses. Smut development
varied greatly with fungicide and concentration applied.
Metalaxyl that did not show any in vitro activity also
failed to inhibit smut development on the seedlings
(Table 4). Both CGA 173506 and bitertanol effectively
reduced smut development at 100 pg/ml with averaged
severity index of 0.4 and 0.6, respectively. Benomyl
was more effective than triadimenol at both application
rates. CGA 173506 and triadimenol did not show any
inhibition at 10 pg/ml. However, when application
dosages of the fungicides raised 10 times higher, from
10 pg/ml to 100 pg/ml, their control efficacy became
greater, 2.2 times for benomyl, 1.2 times for tri-
adimenol, 4.7 times for bitertanol and 9.8 times for
CGA 173506.

Correlation between ir vitro tests and greenhouse
seedling tests. Ranks in inhibitory effect by the five
fungicides in each screening test were shown in order
of the greatest effect (rank 1) to the least (rank 5) in
Table 5. The fungicide with the greatest effect or with
the least effect was consistent in all methods tested.

Table 4. Inhibition of smut development on corn seedlings 10 days after applications of five fungicides at two dif-

ferent rates in the greenhouse

Dosage applied

Smut development index (0~5)

Fungicide (g/ml) - - p— v v Average
Benlate 10 1.5 2 4 1 2.5 22+1.2°
100 0 0.5 2 0.5 2 1.0+0.8
Triadimenol 10 4 4 4 35 4 3.940.2
100 3.5 2 35 4 3.5 3.3+0.8
Bitertanol 10 1 1.5 3 45 4 28+1.5
100 1 0 1.5 0.5 0 0.6-+0.7
CGA 173506 10 45 4 45 4 25 3.9+0.8
100 0 0.5 0.5 1 0 0.4+0.4
Metalaxyl® 10 4 4 4 35 4 3.9+0.2
100 4 35 4 4 4 3.9+02
Control - 35 4 4 4 4 3.9+02

* Replication.

b Average of two plants. 0: healthy, 1: leaf discoloration, 2: leaf discoloration with mild distortion, 3: severe distortion
and minor gall formation, 4: severe distortion and numerous gall formation, 5: death of whole plant.

¢ Standard deviation.
Y Used as a negative control.
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Table 5. Comparisons of the results of in vifro tests
with that of the greenhouse seedling test shown by re-
lative ranks for inhibitory effect by five fungicides
against corn smut disease

Relative rank® of inhibitory effect

ici . Agar Sporidial
Fungicide Seizdlmg MIC" difﬁ%sion gerrr)nination
est test
test test
Benomyl 3 4 3 3
Triadimenol 4 3 4 4
Bitertanol 2 2 2 2
CGA 173506 1 1 1 1
Metalaxyl 5 5 5 5
Control 5 5 5 5

*In the order of the greatest inhibitory effect (rank 1) to
the least (rank 5).
® Minimum inhibitory concentration.

The second effective fungicide detected by each
method was also identical. Only varying ranking is
shown by MIC test with benomyl and triadimenol on
ranks 3 and 4.

Degree of the inhibition in sporidial germination by
the five fungicides varied significantly with time of ex-
amination (Table 3). Among the three methods em-
ployed, agar diffusion test corresponded most ac-
curately to the greenhouse seedling test.

DISCUSSION

In the greenhouse seedling test, the evaluation of
control efficacy of some fungicides was difficult due to
large variations among replications, particularly when
the application dosage was low. One of the main rea-
sons for the variation might be variability of successful
colonization of host tissues by smut fungus itself ir-
respective of fungicides applied as observed in a study
(4), because infections occur only by the fusion of two
compatible haploid sporidia which gives rise to binu-
cleate infection hyphae of U. maydis.

This study suggests that to lessen this intrinsic vari-
ations, the application dosage of fungicides has to be
increased or the number of replications should be in-
creased. High application concentrations as 100 pg/ml,
compared to 10 pg/ml was much more effective to dif-
ferentiate the disease suppression by the fungicides.

Among three methods employed, agar diffusion test
reflected most accurately the results from the green-
house seedling tests. Other two methods were also sig-

nificantly correlated with the seedling tests, but failed
to differentiate the degree of disease suppression
between benomyl and triadimenol.

In sporidial germination tests, the results obtained
varied considerably with time of examination. Most
suitable time to examine sporidial germination was 6
hr after incubation. Thereafter, the differentiating a-
bility was significantly reduced as the time prolonged.

Agar diffusion test that appeared most accurate in
this study is simple, fast and easy to perform in a lim-
ited space without significant efforts. Thus, this
method may be used practically in primary evaluation
tests as a simple method for the mass screening of
chemical compounds against smut disease prior to in
vivo tests being performed.
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