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Introduction

Recently, soybean has ‘become an important food and industrial erop danee
Taiwan whxle it was cultivated as a soil: 1mprov1ng and a forage crop before
"World War II. The rapid increase in the acreage of soybean has correspon-
dmgly increased the seriousness of disease problem. General survey (Han, 1959;

o Chu and Chuang- -yang, 1961) reveals the fact that seed borne diseases constitute

' the ma]or part of soybean diseases in Taiwan. To what extent seed treatment
can be a general practlce to control certain of the seed-borne diseases on this:
: island seems to be one of the most 1mportant problems m connection with the
‘ soybean cultxvatmn ‘ '

Extensxve studies on seed treatment of soybeans have been done in North

_ America. The results obtamed from treated seed vary considerably at different

fylocatlons Heuberger and Manns (1943) and Hildebrand and Koch (1946, 1947) :
showed that apphcatmn of seed treatment chemicals to soybean seed resulted
. im 31gn1ﬁcant increases in seedling emergence and y1eld Hildebrand and Koch -

_ ,(1947) n the1r hterature review cited that Melhus ef al. (1943) found the yield

_of soybean remained unaffected though the stand was increased by certain

- imatenals as the effect of seed treatment. Sherwin et al. (1948) reported that

 seeds obtained from Georgia, M1ss1s31pp1, North Carolina, Maryland and Vu'glma

- ,appeared to be more beneficial than those produced in Illinois by seed treat-

ment. From ‘the observations on six years’ seed treatment of soybeans in
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Ontario, Hildebrand and Koch (1950) concluded that only extremely poor-quality
seeds resulted in a statistically significant increase in yield which Was,correlated
with an increase inVearI'y stand - of plants as the profit of seed treatment. For
other - cases, the effect of -seed ‘treatment in modifying yield was that of
favorable ~weather. - Chamberlain and and Koehler (1951) and Johnson et al.
(1954) also recommended the seed treatment for certain districts under limited
conditions. , ' ,
Nevertheless, the use of diseased seed is'a means of introducing the disease
into new fields and new communities. Lehman (1934) and Sherwin and Krei-
tlow (1952) found that many of the seedlings from the seeds discolored by the
frogeye fungus initiated cotyledonary lesions and developed earlier infection
on Ieaves in the field. In this connection, large number of soybean  samples
were studied particularly on the microflora by some investigators (Tervet, 1945;
Kilpatrick, 1952; Pietkiewicz, 1959; Kurata, 1960). The results obtained in the
different parts of -the world revealed that many of the species isolated caused
pre- and post-einergence seedling - diseases. Seed encrusted with “oospores of
downy mildew fungus was found in .73% of the soybean seeds from 200 loca-
tions in 21 states-of U.S. A. (Dunleavy, 1959). Seed  transmission” of tobacco-
ringspot virus in soybean was found to be 54-78% (Desjardins ef al. 1954)
though no significant difference in yield occurred until 5025 of the seeds was

‘in the mixture (Athow and Laviolette, 1961). Lister (1960) demonstrated the
transmission of soil-borne viruses, 7.e. tomato black ring, raspberry  ringspot;

and arabis mosaic virus, through seed.

Despite of the fact mentioned above, Kurata (1960) indicated that seed
treatment was beneficial to the control of soybean scab, anthracnosé; pod
and stem blight, purple seed stain, frogeye, downy mildew, charcoal rot, and

- Fusarium pod-rot in Japan. On survey of the available literature, it seems

likely that an attempt to control soybean diseases by seed treatment is meaning-

~ful in Taiwan, though an' appreciable effect on nodulation can: be expected
~(Sherf and Reddy, 1952; Brinkerhoff ef al., 1954). In the present paper factors

affecting the isolation of seed-borne pathogen from ‘soybean seeds are studied
in order to estabhsh a reliable method for further investigations ‘of this serles
on the ‘seed-borne diseases of soybean on this island.

Materials - and Methods

Seeds of six varieties, e.g. Acadian, Dortchsoy, Palmetto, Sankuo, Shihshih,
and” Wakashima' secured by courtesy of the Tainan District Agricultural Impro-
vement Station (TDAIS), were used in the first part of present investigations.

Seven. varieties' of soybean seeds kindly supplied by the Kao-hsiung: Dis’trict‘

Agricultural Improvement Station (KDAIS) were applied in the later part of
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« ' ‘experiments.  They were Acadian, Black bean, Chiputou;. Palmetto, Pearl bean, '
- Shihshih, and Wakashima. Randomized seed lots of the var1et1es were appro-
"fprlately treated, transferred aseptlcally to ‘agar plates, 10 seeds a Petrl dish; -

and 1ncubated at the temperatures concerned Five or 10 rephcates were madef

in each ‘treatment. . Mercuric - chloride and sodium hypochlorite of chemical

'~ pure (c.p.) grade were used. ; '

The compositions and pH values of media tested are-as follows:
L Czapek’s sucrose nitrate agar (pH 6.9)

Distilled water S S £ 1,000.00 ml.

_ Potassium nitrate -

Sodium nitrate ' : : , 2.00 g.
Potassium dibasic phosphate ‘ 1.00 g.
. Magnesium sulphate : , 050¢.
~ Potassium chloride 5 e : S0.50 g,
Ferrous sulphate : ‘ ' w001 g
Sucrose - ' | 30.00 g.
Agar ' ~ ' ~ 115,00 g.
~ 2. Nutrient dextrose agar (pH 6.2) , o ‘ :
Distilled water k ' ' g e 1,000.00 ml.
Beef extract ‘ g CU800 g, '
~ Peptone o ‘ o 1000 g.
Dextrose o : e 10.00 g.
 Agar o Lol - 17.00 g.
3. Oat agar (pH 64) : L ,
. Distilled water = . . , . e 1,000:00 ml.
~ Oatmeal s : 100.00 g.
 Agar 17.00 g.
. Onion agar (pH 6.4)
~Distilled water 1,000.00 ml.
Pecled onions 200.00 g.
 Agar 17.00: g
5. Potato dextrose agar (pH 6.2)
 Distilled water 1,000.00 ml.
Peeled and sliced -potatoes 200.00 g.
. ‘Dextrose : 20.00-g.
‘Agar : 17.00 g. -
6. Richard’s agar (pH 5.4) e ;
Distilled water 1,000.00 ml.

1000 g.
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Potassium monobasic phosphate’ 5.00 g.
Magnesium sulphate 250 g.

" Ferric chloride 0.02 g.
Sucrose 35.00 g.
Agar 15.00 g.

7. Soybean agar (pH 6.0)
Distilled water 1,000.00 ml.
Dried soybean 400.00 g.
Agar 20.00
Results

Incubation of seed on the differvent media.

Seeds of six varieties obtained from TDAIS were throughly mixed by hand
and sampled at random. Each lot of soybean seeds was directly rinsed in 10,
or 20 changes of sterile water, or rinsed in 5 changes of sterile water after

‘surface-disinfection. For the surface disinfection, seeds were soaked in 0.1 per

cent mercuric chloride or 1 per cent sodium hypochlorite for one minute. The
number of colonies appeared on the different media was recorded every 24
hours, during the incubation of seed in Petri-dishes of given agar medium
at 28°C.

Among the media applied Czapek’s sucrose nitrate agar and potato dextrose
agar were most suitable for the isolation of bacteria when the number of
colonies was compared by using the data obtained from 2-day old cultures. In
the case of fungi, use of potato dextrose agar and Richard’s agar seemed to
be promising when the number of colonies was compared by the data of 3-day
old cultures (Table 1.). Most of bacterial colonies were observed in 24 hours.
On the other hand, fungous colonies began to show up after 2-day incubation.
Hilum seemed to be well furnished for fungi to grow, . because turfy ap-
pearance of mycelia was observed there at first. Once the growth of fungi
was noticed, the isolation of bacteria would be interferred. Furthermore, the
rapid growing fungi such as Rhizopus spp., covered whole surface of Petri-
dish before any other fungi came out. -

It was also observed that bacteria and Aspergillus spp. were most frequently
found, 4. e. approximately one third of the isolates for each of them. Cladosporium
and Penicillium spp. came to the second whereas the possible pathogenic fungi,
Alternaria and Fusarium spp., were respectively only 1.4 and 0.8 per cent of the
isolates. Besides those mentioned above, the fungi isolated from soybean seeds

were Chaetomium, Curvularia, Mucor, Nigrospora, Pestalozzia, Rhizopus, and
Trichoderma spp.. \
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Table 1 Comparzson of seven d‘zﬁerent medza in relation to mzcraorgamsms
: : assocmted with soybean seed

: : i No.: of bacterial** No. of fungous**
kMe dium Treatment* colonies after colonies after
k 1-day | 2-day | 3~day | 2~day | 3-day | 4-day
CK 35 43 50 | o | 23 | s0
. 1 20 42 50 0 24 48
Czapeks agar 2 6 45 50 0 15 49
3 0 0 0 0 1 2
4 4 13 17 0 4 17
CK ' 31 44 50 4 39 50
. gg;;;egtar 3 71 3% um | 7| % |8
.ae g 3 00 0 1 3 e
4 4 | 6 | 10 3 5 13
- CK 9 20 30 3 20 49
; 1 0 7 11 0. 19 40
Qat agar 2. 0 c2 14 0 19 37
3 0 0 .0 0 0 |2
S : 4 0 1 3 Q- 38
: CK 26 50 50 '3 29 | 50
1 b 28 34 1 20 49
Onion agar 2 2 20 26 204021 38
: 3 -0 (1 0 1 5 5
4 0 10 12 0 2 6
: CK 1§ 50 50 0 44 50
: | 1 40 ©50 2 36 50
Potato ; )
20 9 37 49 1 24 s (1)
dextrose agar { 3 iy 0 0 0 0 0
4 1 11 w1r 0 4 10
CK 0 33 | 50 15 50 | 50
i .0 32 47 7 42 50
Rlchard’s agar 2 0 36 38 3 37 48
3 0 0 0 0 |2 5
4 0 9 12 0 5 12
CK 20 |33 50 13 45 50
L 1 4 19 21 5 24 32
= Soybean agar 2 0 7 15 3 13 27
. : B 0 (8} 0 0 -1 9
4 0 3 9 0 3 10

. * Seeds, not treated (CK); rinsed in 10 {(1)-or 20 (2) changes of sterile water; surface:
_ disinfected for 1 minute in 0.1% mercuric chloride solution (3) or 1% sodium hypochlorite
solution”(4) followed by rinsing in 5 changes of sterile  water, were plated and incubated -
at 28°C.

** Total number of colomes found on 50 seeds-of soybean

It was thought likely that water agar might be suitable for this ‘purpose
‘since soybean' seed itself could provide nourishment for the growth of the seed-
borne pathogens in infected seeds. As shown in Table 2, however, this was
found to be inferior to Czapek’s sucrose nitrate agar ahd potato dextrose agar.
When untreated seeds were used; there were 119 isolates of fungi' from seeds
: 1ncubated on potato dextrose agar; 104 from Czapek’s sucrose nitrate agay;, and
89 from Water agar Whlle no much  difference was observed in‘terms of the
_number of isolates from each medium when seeds were treated w1th 1 per cent

sodlum hypochlorlte ‘Similar results were obtained from bacteria.
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Table 2. Comparison of three different media in relation to micvoflora
) of soybean seed

No. of Bacteria* from seed - No. of Fungi* from:seed
Medium - : i : .
Untreated | 1% NaCIO | Untreated 1% NaCIO
Water agar 2 2 89 3
_ Czapek’s agar 97 8 104 5
Potato: dextrose agar 100 6 119 5

* Total number of bacteria and fungi found on 100 seeds of soybean.

Again, bacteria and Aspergillus spp. were shown to be most. frequently found.

,Fungi isolated were Alternavia, Aspergillus, Chaetomium, Curvularia, Fusarium,

Mucor, Penicillium, and Rhizopus spp. Each seed could yield ‘more than one
isolate in as much as more than one hundred isolates were yielded by one
hundred seeds. -

Effect of temperature. ,

The number of seeds yielding microorganisms seems to be related to. the
temperatures for the incubation of treated seeds when the comparison are made
between 25°C and 35°C. It is possible to obtain more seeds yielding -causal
organisms at 25°C since the optimum temperatures for the growth of pathogens
causing seed-borne diseases of soybean. are very close to this temperature
(Togashi, 1949; Kurata, 1960). Furthermore, temperatures higher than 25° are
in favor of rapid growth of many saprophytes, e.g. Aspergillus, Rhizopus, etc.
which may interfer the isolation of the causal organisms.

"In order to clarify this point, soybean. seeds untreated or treated - with 1
per- cent sodium hypochlorite for 1 minute were plated 'in the Petri-dish  con-
taining 20 ml. of potato dextrose agar and incubated at 25° and 35°C.

The experiméntal results (Table 3) showed that number of soybean seeds -

Table 3. Effect of temperature on the isolation of microorganisms
associated with soybean seed

Tem- ' No. of seeds ‘yielding
?:ig- Treatment* Bacteria incubated for Fungi incubated for
(°C) , ,
l-day | 2-day | 3-day | 4-day | l1-day | 2-day { 3-day ’4—day,
o5 {Seed untreated | 100 | 100 100 100 0 0 8 20
With 125 NaClO 0. 8 10 13 0 0 8 10
i Seed untreated| 72 100 100 100 0 29 69 100
With 125 NaClO 0 19 22 22 0 1 5 -5

* One hundered seeds were used for each treatment.
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vielding fungi was greatly decreased by incubating untreated seeds at 25°C.

Contrarily, more seeds infected by fungi were detected -at 25°C than at 35°C
when the seed treated with 1 per cent sodium hypochlorite were compared.
Practically no Aspergillus spp. were found at 25°C. This caused less number
of untreated seeds to yield fungi under the experimental condition. -On the
other hand, the treated seeds yielded less bacteria at 25° than at 35°C though
there ~was no  appreciable influence of temperture on. the untreated seeds
yvielding bacteria.

Chemiical treatment.

As already shown in Table 1, rinsing in sterile water was not very effec.
tive to decrease the number of colonies, mostly saprophytes, even after .20
changes whereas the decrease in the number of colonies upon surface disin-
fection with chemicals was very signicant. Treatment of seed with 0.1 per cent
mercuric chloride completely inhibited the growth of bacteria on seven media
tested while few fungous colonies were observed.. Yet germination of the sesds
was not affected. = The sterility of seeds treated with 1 per cent sodium hypo-
chlonte seemed to be low since the number of colonies either bacteria or fungi
, Was still observed for a certain extent.

Since many saprophytes, stich as Aspergillus and  Penicillinm spp. - predomi-
nated to the number of isolates which consisted "a relatively . greater part of
pathogenic bacteria and fungi, microorganisms possessed saprophytic nature
might hinder the growth of pathogenic bacteria and fungi during the course
of studies. " Accordingly, to reduce the percentage -of ‘seeds which yielded
storage fungi, e. g. Aspergillus spp.; of natural ¢ontamination seemed to be
plausible. - - *

For this purpose, the aqueous solution of sodium hypochlorite were used
at various concentrations, 7. ¢. 0.5, 1.0, 2.0, and 4.0 per cent, Czapek’s sucrose
nitrate agar and potato dextrose agar were used in this experiment. According
to the experimental results (Table 4), it was possible to reduce the percentage
of seeds yielding storage fungi down to 5 per cent or less natural contami-
nations when the seeds were soaked in- one or two- per cent sodium  hypo-
chlorite for one minute followed by rinsing in 5 changes of sterile water and
incubated on both Czapek’s sucrose nitrate agar and potato dextrose agar.

' At any concentration, number of fungous isolates decreased drastically
down to less than 10 per cent of that from untreated seeds except one case
which was not exceeding 15 per cent where seeds were treated with 05 per
cent sodium hypochlorite and incubated on potato dextrose agar. It was also
shown that the media for incubation  of seeds took part in the soybean seeds
vielding a number of microorganisms as already stated in the previous para-
kgraph. It is ‘worthy to mention that some seeds vield bacterial colonies cover-
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Table 4. Effect of sodium hypochlorite concentration on the. isolation
of fungi-associated with soybean seed*

Medium Czapek’s agar Potato dextrose agar
Conc. of NaCl0(%) | 0+ | 05 ] 10| 20| 40| o ' 05 } 10| 20| 40
Alternaria — — - — — - — — = 1
Aspergillus 65 5 1 1 1 106 8 1 = 1
Chaetomium — — — — = — — 3 — —
Curvularia 3 — — — — — — — — =
Fusarium — 1 — — — — 2 — 2 —

. Mucor 3 - — - — 2 — - — —
Penicillium 8 1 1 1 — — 2 - - —
Rhizopus 9 — — — e 11 — = — _
Unidentified*#* 16 — 3 2 1 1 3 1 e

* Isolation of fungi in each treatment was made from 100 seeds incubated for - 4 days
at 28°C.
** Seeds not treated
*** No spore formation was observed when the identification was made.

ing all over the surface of soybean seeds which are entirely different from
those : with bacteria only growing on the surface of seeds contacted with agar
media. The bacteria of the former seems to be derived from the tissue of
infected-seeds-and that of the latter is likely a natural contamination on the
surface of the seeds. The number of the former seeds seem to increase when
they are surface-treated at concentrations of 0.5 and 1.0 per cent sodium hypo-
chlorite.  In this respect, potato dextrose agar seems to be preferable.

In study of the sterility of seeds treated with sodium hypochlorite, soybean
seeds were soaked in one per cent aqueous solution .of sodium hypochlorite for
1,2, 4, 8, and 16 minutes previous to rinsing in 5 changes of sterile water and
then incubated on potato dextrose agar at 25°C.

The experimental results (Table 5) showed that number of soybean seeds
yielding microorganisms was not. entirely correlated to the length of timé for
chemical treatment. However, chemical injury was observed when the soybean
~seeds were treated for 10nger than 8 minutes in one per cént sodium hypo-
chlorite solution, e. g. the color of the seed-coat was impaired. Seeds so appear-
ed were found to be 27 and 66 out of 100 seeds soaked 8 and 16 minuites,
respectively. With respect to the phytotoxic effect of sodium hypochlorite, the
percentage germination of treated seeds was also slightly affected by the
chemical with a lapse of time when the seeds were treated longer than 2 or
4 minutes. o e

Further investigation concering disinfection of soybean seeds was carried
out with mercuric chloride. In the previous experiment, chemical treatment
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Table 5. Effect of time in treatment with sodium hypochlorite: on the isolation
of - microorganisms associated with soybean seed

No. of seeds" yielding*

Léngth of time

treated (min.) Bacteria incubated for Fuhgi incubated for

1-day | 2-day | 3-day | 4-day | 1-day | 2-day [ 3-day ] 4-day

O 100 100 100 100 0 0 8 20

1 0 8 10 13" 0 0 8 10

0 7 9 10 0 0 1 10

0 0 1 3 0 0 4 9
8 0 3 6 0 0 10 127

16 0 2 2 3 0 0 7 10

* ‘Jsolation of microorganisms was made from 100 séeds incubated at 25°C.
¥#* Seeds not treated. '

~-was’encountered to obtain the greatest number of seed-borne pathogen, how-
ever, the complete disinfection - of soybean seed was desired in the present ex-
periment to grow healthy plants for the inoculation purposes.

Under the experimental conditions, disinfection of soybean seeds seemed
to be possible by soaking in a 0.1 per cent mercuric chloride solution even for -
:1. minute though there were one or two seeds yielding Aspergillus spp. ‘which
were known to be saprophytic fungi (Table 6). Seeds were treated with a 0.1
' pef cent mercuric chloride for 1, 2, 4, 8, and 16 minutes: followed byk' rinsing in
5 changes of sterile water. The treated seeds were incubated on potato dex-
trose agar for observations of sterility and germinability -of soybean seeds.
In order to provide favorable conditions for the growth of pathogens causing

Table 6. Percentage of seed germination, number of seeds yielding fungi, .
and treatment of soybean seeds with mercuric chloride*

Variefy No.. of ‘seeds yielding Perc entage g of | Le ngth ofH |
Bacteria ’ Fungi germination | seedling (cm)
Acdian 0 0 100 5.2
Black bean 0 0 100 49
. Chiputou 0 0 100 5.7
Palmetto 0 2 100 53
Pearl bean 0 0 96 . 2.6
Shihshih 0 0 100 , 48
‘Wakashima 0 1 100 4.2

* Seeds treated with 0.1 per:cent mercuric chloride for 1 minute were incubated on
potato dextrose agar ‘for 4-day at 25°C. :
o ** Length of seedling is an - average of 100 seedlings.
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seed-borne diseases of soybean-and also the germination .of soybean seeds, 25°C.
was selected for the incubation of seed.

Germinability of soybean seeds was considerably impaired when the seeds-

of varieties, Pearl bean, Palmetto, and Shihshih were soaked in a 0.1 per .cent
mereuric chloride solution for 16 minutes. Namely, 7, 67, and 40 per cent ger-
mination were respectively recorded 4 days after incubation. -The discoloration
of seed-coat was also observed when the seeds of varieties, Acadian; Palmetto,
Shihshih, and Wakashima, were treated in the same concentration for longer than
4, 1, 2,-and 4 minutes, respectively. ; ‘
With regard to the growth of soybean on potato dextrose agar, the seeds
treated with 0.1 per cent mercuric chloride, solution for 1 minute were the
best among the seeds treated when the comparison was made with average

~ length of seedlings after 4-day incubation. However, the length of seedlings

was gradually shortened with a lapse of time when the seeds were treated
longer than 2 minutes. It was significant that the growth of seedlings in cont-
rol dishes was very much damaged by the saprophytic microorganisms associated
with the seeds not treated with mercuric chloride.

Discussion

Seed treatment for the control of soybean was suggested elsewhere ‘(Heu-

berger and Manns, 1943; Hildebrand and Koch, 1946, 1947; Kurata, 1960) though

t_he controversy on the question of soybean seed treatment as. a‘ general prac-

‘tice 'was still remained (Hildebrand and Koch, 1950; Chamberlain and Koehler,

1951; Johnson-ef al., 1954).  Soybean diseases caused by seed-borne pathogens
were. found to be significant (Han, 1959; Chu and Chuang-yang, 1961). An
attempt to clarify the benefit of seed treatment as a control measure seems to
to. be important in this particular area where the weather is tropical and sub-
tropical.. For this purpose, it is necessary to determine a method for isolation
of possible pathogens from soybean seeds before proceeding the process of
investiggtion on the seed-borne disease. ‘

Potato dextrose égar was selected for- the isolation purpose, since this
medium revealed rapid growth of microorganisms and also yielded considerably
large number of microorganisms isolated under the experimental conditions.
However, Czapek’s sucrose nitrate agar and Richard’s agar were also respec:
{ively suitable to obtain a number of bacteria and fungi from soybean seeds .

The temperature was closely related to the number of seeds yielding micro-
organisms when the comparison was made between 25°C and 35°C. The  micro-

flora“ of soybean seeds seemed to be affected not only quantitatively. Tt was.

found to'be useful to incubate treated seeds at 25°C for 4 days before any: iso-

lation of pathogens was attempted.
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The growth of seedlings in control dishes was seriously damaged by the
saprophytic microorganisms: associated. with the seeds not treated with' chemi-
cal though the  germination ‘of seeds was remained unaffected.. On the other
hand; treatment of seeds with 0.1 per cent mercuric chloride completely im-
paired -the growth of bacteria on the tested media while few fungi  sapro-
phytic' in nature were observed. However, seeds treated with 1 per cent sodium
 hypochlorite were considered to be appropriate for the isolation of ~pathogenic
bacteria and fungi since it was possible to reduce the 'percentage of seeds
yielding storage fungi down to 5 per cent or less natural contaminations when
the seeds were treated in one or two per cent sodium hypochlorite for one
minute followed by rinsing in 5 changes of sterile water. ‘

Summary

On account of investigations into the seed-borne diseases of soybean,
methods for isolation of causal organisms from soybean seeds were considered
in the first place.  Studies on the rinsing of seeds in sterile water, selection of
media, application of chemical with regard to concentration and length of time
applied, and temperature for incubation were extensively carried out. Rinsing
in sterile water was not effective to decrease the number of colonies appeared

on the seeds even after 20 changes whereas disinfection with chemical solutions -

was. very significant. Treatment of seeds with 0.1 per cent mercuric chloride
completely inhibited the growth of bacteria on the “tested media while few
fungous colonies were observed. However, seeds treated with 1 per cent sodium
hypochlorite were proved to be suitable for the isolation of pathogenic fungi
and- bacteria ‘causing seed-borne diseases of soybean. Potato dextrose agar was
found to be the best among the media tested and temperature for incubation
was suggested to be 25°C. k
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