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Introduction

Microorganisms associated With coniferous seeds have been extensively
studied by Fisher (1941), Garbowski (1936), Sato (1955), Timonim (1964), and
“Vanine et al.:(1932), Most of them were proved 1o incite both pre--and posts
emergence damping-off of conifers (Fishers, 1941; Garbowski, 1936»; Hartley,
1918; Rathbun Gravatt, 1931; Vanino, 1931). Further evidence revealed that
saprophytes of the comferous seed-coat microflora could attack seedlings and
produce : symptoms of damplng-offfur}der favorable COIldltIOynS (Tlmomn, 1964).
Seed treatment was suggested to be more efficacious than soil treatment for
the *disease control (Berbee et al. 1953 Chen, 1961;  Cockerill; 1961 Weihing,
1961). Gibson (1956) demonstrated that Granosan used in soil treatment indir-
“ectly assisted the spread of the dampmg off pathogens through the-soil by its
selectwe ac’aon on the antagomstlc microflora. Smce seeds are feas1b1y concei-
vable to carry causal organisms of ‘damping-off of‘ conifers 1nto the soxl an
attempt to: survey  the microflora “associated with ‘seeds is very practical to
understand the diseases incidence. With regard to this matter, attention was
firstly: directed to the factors affecting the 1solat10n of “microorganisms from
coniferous seeds

Materials and Methods

Seeds of ‘slash pine :(Pinus - elliottii); Luchu pine  (P. luchuensis), . and
‘Jyapénese black pine’ (P. thunbergii) were used for this series of experiments.
Slash pine seeds, imported from the States on ‘March 26, 1962, were secured
by courtesy of the Taiwan Forestry Bureau. Luchu pine and black pine seeds,
collected in the Grass Mountain in September of 1963, were purchased from a

forester. They were stored in a cold room at 0° to 5°C, for a period of tlme
perior to the determinations,
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Surface treatment Was made by soaking seeds respectwely in 0.1 per cent
mercurlc chlorlde, 0.1 per cent silver nitrate; 1 per cent sodium hypochlonte,
~and 50 per cent alcohol containing 0.1 per cent mercuric chloride for a given

periodr of time. Potato dextrose agar ac1d1ﬁed W1th lactic ‘acid, nutrxent dex-:\ .

trose agar, Czapek’s sucrose agar, Czapek’s nitrate agar, and. Czapek’s . sucrose
: nitrate agar diminished one of the following constltuents Potassium dlbaslc
phosphate, magnesium sulphate, potassium chloride, or ferrous ,sulphate were
‘used.. The treated seeds were transfered aseptically to agar plate, 10 'seeds a
Petri- dxsh ‘and incubated at the temperature cencerned F1ve or ten replica:
tions were made m each treatment. : .
The composition and - initial: pH values of med1a tested -are hsted as:
follows:

1 Czapek’s sucrose agar (ka4.6y)

_ Distilled water : , 1,000.00 mL

~ Potassium dibasic phosphate ; 1.00g."
Magnesium sulphate , : : 0.50'g.
Potassium chloride e ' R : 0.50 g.
Ferrous sulphate B ' L 0.10¢g.
Sucrose . & : : 30.00 g.
Agar. : » ; 15.00g.

2. Czapek’s nitrate agar (pH 4.8) g :
‘Distilled water: ‘ ' : 1,000°00 m1.
Sodium nitrate , : : 2.00¢g.
Potassium dibasic phosphate 1.00 g.

~“Magnesium sulphate , 0.50 g.
Potassium chloride o L ' 0.50 g.
Ferrous sulphate e ¥ : , 010g~/

Agar ; S e ~ ~-15.00 2.

-3. - Czapek’s sucrose nitrate agar deficient i in potass1um dibasic phosphate (pH 4.6)

4. Czapek’s sucrose nitrate agar deficient in magnesion sulphate {pH 5.0):

5. Czapek’s sucrose nitrate agar deficient in potassium chloride (pH 4.6)

6. Czapek’s sucrose mtrate agar deficient in ferrous sulphate (pH 5.2)"

7. “Nutrient: dextrose agar (pH 66) :

Distilled water S v 1,000.00 ml.

- Beef extract ~ 3.00g.
Peptone i ; , 10.00 g.
Dextrose et S 10.00.g.

~ Agar e o 1700g.
8. Potate dextrose agar (pH 5.6) , k
.~ Distilled water S e -~ 1,000.00 ml,
Peeled and sliced potatoes, Gl ' 200,00 g.
‘Dextrose S S ' : 2000 g.

“Agar E k S L 1500 g.
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10 seeds a Petri-dish, and incubated at '25°C' for appropriate: length of * time.
Five rephcatlons were made in each treatment. Seeds rinsed in five changes
~of sterile ‘water were served as control. : - ;

From the results shown in Table 1, the number of microorganisms yielded
by coniferous seéeds was' largely affected by ‘the medium - used. The ‘presence
of -carbon source; such as dextrose and sucrose, was required for the growth
of “microorganisms  on the coniferous “seeds. However; seed - yvielding ‘micro-
organism ‘was ;not considerably changed for lack of nitrogen source or ‘minerals
in ‘the media tested. Arnong the media ‘examined; potato dextrose agar was
found to be suitable for the isolation of both bacteria and fungi.

E1ght genera of fungi, i e. “Aspereillus, Curvularia; Diplodia, Fusarz'um,k
- Glomerella, Mucor, Penicz'llium, and Rhizopus appeared frequently ‘on the seed

Table. 2. “Effect of hydrogen- zon concentrations: on- the number of mzcroorgamsms
yzela’ed by comferous seeds incubated on potato dextrose: agar at 25°C for 4 a’ay

: EISEAR : No.. of ‘bacterial*** No. of fungous***
pH value* | Treatment**| ‘colonies from colonies from :
‘ : P. elliottii - | P. luchuénsz's P.-elliottii | P. luchuensis
CCK 50 B0 50 6
1 0 - ~ 1 9 : 0
56 g 6 , 0 Lo
3 21 50 21 21
4 0 0 il 0
[ v 0 50 50 8
: ‘1 A 0; : O e ’ : 3 5
48 2 0 , 0
‘ 3 3 50 40 6
4 0 S0 2 0
CK 0 0 50 17
1 0 0 3 0
4.0 2 0 0 1 0
3 0 0 45 9
4 0 0 3 0
CK 0 o 50 28
i 0 o 1 0
32 2 0 (8 700 0
3 0 0 37 , 6
4 0 0 0 0

% pH value was adjusted by. adding lactic acid.
** The sameé as those mentioned in the foot:note of Table 1.
*#% Total number of colonies from 50 seeds.




served as control.  Fusarium and Diplodia Were"mos'tly isolated from the seeds;
of slash pme, Whereas Glomerella was often from those of Luchu pine, -
 Effect of hydrogen ion concentration . : ,
The meéthods ‘and materials were almost the same as that already mentlon—
ed in the .previeus. section. . Lactic acid was added to' potato dextrose ragar
(‘PDA)“for‘ the adjustment of pH value to a given value of hydrogen ion
' ,”concentratron - The results were shown in Table 2. , o :
Hydrogen ion concentratron of pH 5.6 was found to be sultable for growth

..of both bacteria and‘ fungi. - However, the growth of bacteria w,as greatly

diminished by change of pH value below 4.8; particularly below pH 4.0 "there v
~ was no bacteria yielded by coniferous seeds. On the other -hand, ‘luxuriant
: growth of fungl was observed at any concentratlons of hydrogen ion: ‘tested,

i Eﬁct of tempemture :

: From the' results obtamed m the foregomg experlments, comferous see
\',were treated with 1 per cent sodlum hypochlonte for 1. mmute followed by
rmsrng m 5 changes of sterlle water The treated seeds were plated on potato
dextrose agar (pH 56) and 1ncubated at 13° 16° 19°, 290, 95°, 98°, 315 and 34°C,

; respectlvely. 5 : r ,

. 'So far as the experrmental results (Table 3) weére concerned 25°C seemed .
to be preferable for the isolation of fpathogemc, fungi such as Diplodia,
Fusarium, Glomerella etc. A 'few saprothtes e.g ASﬁe;&gilZus, Penicillium and

Table. 3. Eﬁ“ect of tempemture on the zsolaz‘um of mzcroorgamsms
assocmted wzth comferous seeds

kSpe"cie‘s : P. ellzotm o P luchuenszs '

_ Temperature (‘C) | 13|16 |19 |22 25| 28|31 3¢4|13] 16|19 |22 | 25|28 |31 |34
No. of |Bacteria | 0| 9|21 35(36/36|42|50| 0|50 |50|50|50|50]|50|50
vielding | Fungi | 0| 4 /1013 |14|15(18 | 8| 0| 1| 0|10 |14 |14 |14 |14
 Aspergillus 0/ o0jo0]oflza 4l1|lslojoloolo]o|lsla
Curvularia 0|0 o0ofo|1/0/o0ololololojolo ofol o
Diplodia 0/ 0 0olo0l 1/ 3,0/0{0/0/0o 0j0]0l0O O

 Fusarium 0| 0| 2/ 2|2/ 4 2/ 0/l0l0lo0]|2 2/ 6/ 2/0
Glomerella 0/ 0/ 0o/ 0l0jolojolo ololol 9|5 40
Mucor . 04 0181 0 11701 00010100 040 1|00

- Penicillium 0| 4/ 0/ 3/ 4 0lolojo 110{0/0f0l0 0
- Rhizopus 010 | 0 ~8[ 013 204 000, 84 "1} 00

%Urﬁdentiﬁed** 00 0,10 1] 0lo0ol o0l 012 1 20

Sk Isolatlon of ‘microorganisins in each’ treatment was made from 50 seeds mcubated on
potato dextrose agar (pH 5.6) for 4 days :
%k No spore formatlon was. observed when the 1dent1ﬁcat10n was made
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Rhizopus were still found at the same temperatures aforementioned, however,
the. number of ‘isolates were much less than that:at the othér temperatures.
Effect of chemical treatment

‘Seeds treated with different chemicals showed that microflora of coniferous
seeds - varied with the chemical applied (Table 1). Among the chemicals
“'te'sted, sodium ‘hypochlorite was found to be very mild as a - disinfectant,
whereas mercuric chloride was rather effective for seed disinfection without
visible phytotoxicity. Therefore, sodium hypochlorite and mercuric chloride
were selected for the determination of microflora and disinfection or seed ~
respectlvely

In order to -assure ‘the experimental data -closely related to the natural
microflora of coniferous seeds, concentration and time effect of sodium “hypo:
chlorite were taken into consideration. ~ Experimental results showed that
changes in the number of seeds yielding Aspergillus,  Diplodia, Fusarium,
Glomerella, and Penicillium were not appfeci@ble at different - concentrations of
sodium hypochlorite, i.e. 0.0, 05, 1.0, 20, 4.0, and 80 per cent (Table 4).
Contrarily, the growth of Rhiéopus was- significantly inhabited by the same -
concentrations examined. ‘

Table. 4.  Effect of sodium hypochlorite on the isolation of ‘microorganisms
associated with qoniferous seeds at different concentrations®

Species S P ellisttic : = P lgchyensts
Concentration (%) | 00 | 05 | 1.0 20| 40| 80| 00| 05] 10 20] 40/ 80
No. of |Bacteria | 50 | 50 | 47 | 44 | 21|, 27| 50 | 50 | 47 | 50 | 43 | 48
seeds s e = — : ~
yielding | Fungi | 80 | 7| 8| 13| 11| 6| 9| 11| 7| 9 18| 6
Aspergillus o o] 3 5[ 1] 0|l o] of o] of of o
Diplodia 0 3| 2, 3/ 1] 2] 0/ o] o 1| 7| 1
Fusarium 20 1y 0 1| 2| 2| 1| 0| 4| 0] o] o
Glomerella VT e B T R € e 0 RO s (8

. Penicillium ‘ 0 3} 2| 4| 4| 0| 0] 0| 0} 0 0 0
Rhizopus 5| 0} 10| 3| 2| 0l 0] 0] 0o 1 o0
~ Unidentifie™ | 0\ 0| 1/ 0] 3| 2 1| 2 2| 2|10 o0

- *:Isolation of m1croorgamsm in each treatment was made from: 50 seeds :mcubated for
4 days.’
*% No spore formation was observed when the identification was’ made.

With regard to t1me effect of sodium” hypochlonte, 4.0 per cent aqueous
solution of sodium’ hypochlonte was used to treat’ coniferous’ seeds for various
;length of time, ‘i.e. 1,2, 4,8 and 16 minutes. From the results shown ’m
Table 5, time effected on the ‘microorganism yielded by  coniferous seeds was
not definite though the rapidly growing bacteria were hindered. In addition
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to the fact mentioned above, there was no  indication of phytotoxic effect on
- both slash pine and luchu pine.

Table. 5. Eﬁéct of time in treatment with 494 sodium hypochlorite on the
‘ isolation of microorganisms associated with coni ferous seeds*

Pine. ; P. -elliottii P, luchuensis
Length of time (min.) |- 0 1 2 4.1 8 16 01 2 4 816
No. of | Bacteria [ 100 | 35 | 28 | 26| 17 | -8 1100 | 100°| ‘95 | 86 | 100 | ‘84"
seeds
yielding Fungi 45 14 17 12 13 13 8 2 4 4 14 3
Aspergillus O 11137 1 o) 0o ool o0l o
" Cephalosporinm 0 0 0 0 2 1 0 1] 0 0 0 0
Curvularia 3 0 3 0 070 0 0 1 1 1 0
Diplodia 0 5 4} 2| 2| 3/ 3| 2/ 1/, 0| 2| 0
Fusarium 0 0 1 0.0 0 1 0 0 2 6 0
Monilia SO0 ol o000 00 0] 1] 0
Mucor 0y 1l 0y 0] o of 1| 0] 0| 0o o o
Penicillium 0 4 4 4 8 9 0l 01 0 0 0 0
. phoma 0 0 0! 0 00 10 0] 0| 3 0
Rhizoctonia 0 0 0 1 0 0 0 0 0 0 0 1
Rhizopus 45 2 1 1 0 0 0 0 1 0 1 0
Unidentified** 0 1 4 1 1 0 3 0 1 1 0 2

* Isolation of microorganisms in each treatment was made from 100 seeds incubated for
4 days. : § : :
** No spore formation was observed when the identification was made.

In order to obtain a heaithy young plant, 0.1 per cent aqueous solution of
mercuric chloride was used in the treatment of coniferous seeds for various
length of time, 4. ¢. 0,71, 2, 4, 8, and 16 minutes. In Table 6,. it was shown
that the germinability of seeds was improved by the treatment of coniferous
seeds with mercuric chloride, however, the percentage of germination slightly
decreased with the lapse of time treated. Nevertheless, Aspergillué, Diploa’ia,
and Penicillium were not entirely killed by 0.1 bér cent ‘mercuric chloride.
Since these fungi were found to reduce the germination of seeds and to attack
the seedlings of conifers (Timonin, 1964; Vanin and Kotchkina, 1931), efficacy
of fungicide on ‘these fungi should not ignored. These fast gréwing fungi
appeared after the seed germination might indicate the fact that they were
present in the inner part of seeds. Further evidence was shown by treating
seeds with 0.5 per cent mercuric ‘chloride, crushing, and mixing the fragments
of ‘seeds with potato ‘dextrose agar of 43°C in a Petri-dish. More fungi‘as well
as bacteria were se(;ﬁred from\these plates incubated ‘at28°C for 12 days.
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Table. 6. Comparison of sterilities of coniferous seeds treated with 0.1% o
mercuric chlovide for various length of time*.

Pine . s P elliottii P Iuchuensts P thunbérgii

Length of time (min) | o0 1 2 4 816 o 1] 2 4 816 o 1 2 4 816

Pgrcﬁﬁf;gt?ogf 4 4 5/ 10 8 5 9 60 62 48 56| 42| 10 60, 48] 45 44 42
. No. of | Bacteria | 100, 2[ 0 o0 0 ol 100 2 2 3 2 2100 o o 0 0 0
'yisefi?igrsxg Fungi | 100 52 32 13| 8 5 69 8 8 2| 20100 12[ 10| 2| 3 0
Alternaria o 0 0 o o o o o o o o o 4 o o o o o
Aspergillus B 17 1 N | S 4 I s i S R | e A | | s 0
Cephalosporium o/ 0| 40| -0 o o 10 0 o o o 00 0 0 0 0
Curvularia 1 o o o o o o 3 o -0 o o o s o o o o 0
Diplodia 10 8 4 3 4 4 g 4 1 3 1 1 1 0o 1 1 1 o0
Fusarium | 4 o o o o o 14 0o o o 0 0o 5 0 0o 0 0 0
Monitia o o o o o o o o o o o o o o o 0 0
Mucor o o o o o o o o o o o 2 o o o o o
 Penicillium | o8l 27114 2 o 1 9 1 6 0o o o 19 9 3o o o0
Phoma 0 0 o o o 3 o o o o o 5 o o o o0
Rhizoctonia 0 o o o o o o o o o o o 5 0o o o oo
Rhizopus 70, 0 o o o o 2 o o o o o 36 o 1 0 0o o
Unidentified** | o o 1 1 o o 16 2 1 o o o 6 o 1 o 2 o

* Isolation of micfo’organisms in each treatment was made from 100 seeds incubated for
12 days. o , , S '
**: No spore formation was observed when the identification was made.

' : . Discussion and Conclusion

The frequent recurrence of germination losses in nursery beds has baffled
nitrsery stock in Taiwan year after year. The coﬁteminations of fungi have
been proved to be inhibitory to the seed germination and inciting- the decay of
radicle emerged ' from the seed coat (Fisher,‘1941; “Garbowski, -1936; Hartley,
1918; Huss, 1952; Rathbun-Gravatt, 1931; Ten Houten, 1936; Vanin, 1931;
Vanine et al.; 1932).  In order to clarify the primary causes of reduced emerg-
ence in nursery beds, survey of seed microflora was intended in the first
place. ‘For this purpose; the present experimental data are indispensable. i

Although a reliable method for the isolation of pathogenic microorganisms
from ‘Soybean seeds has been worked out by  Wu et ali (1964), the factors
affecting determination of microflora in coniferous seeds are rather complicated.
The nature of coniferous seeds is distinctly different from that of soybean
seeds, for instance, hard ‘and thick seed-coat may cause slow emergence.

From the data obtained in the studies of effect of media, hydrogen ion con-
centration, temperatures and chemical treatments on the microflora of coniferous
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seeds revealed that seeds treated with 4.0 per cent sodium hypochlorite for one
~“minute  before- rinsing in five ehaliges of - sterilized  water were found to be

applicable to isolate the microorganisms 'present in the surface layers of the
-seeds, probably seed-coat. On the other hand, seeds completely surface-sterilized
*-with 0.5 per ‘cent mercuric chloride for one minute followed by washing five -
times with the sterile water were useful to determine the microfiora of deeper
Jayers. of “the seeds by grinding and mixing them with melted PDA in Petrr-
;drsh These cultures were incubated at 28°C. :

It is worthy to ‘note that the seeds treated With 0.1 per’ cent mercuric
chloride ;s‘eemed to improve the germination of = coniferous seeds; however,
. Aspergillus, Diplodia, and Penicilliwm appeared after the sprouting’ of seed.
This revealed that the treatment was not able to eliminate the microorganisms
inhabiting deeper Iayers 6f the seed treated.. The complete disinfectioﬁ of
coniferous seeds seems to be very difficult so far as the expenmental ‘results
are concerned.

Summary

For isolating the microﬂora from coniferoris seeds, the present experimental
data are indispensable. Seeds partially surface sterilized  with sodium’ hypo-'
- chlorite “were  found to be apphcable to isolate the microorganisms present in
~:the surface ' layers of the seeds, probably seedcoat -On:the other hand, seeds
: completely - surface-sterilized - with mercurlc “chloride ‘were useful to determme
the microflora existed in the deeper layers of the seeds by grmdmg and mixing
these seeds with melted agar media. The treated seeds were 1ncubated on

- potato dextrose agar at 28°C for -an approprrate length of trrne The complete

disinfection of coniferous seeds seems to be very diﬁicult so“fa'r as the ‘ex-
- perimental restlts are concerned. '
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