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Introduction

Dampmg off dlsease in forest nursery is the unwersal problem’ causmg the
irregularity of losses as Well as the severe reductlon in seedhng stands, especially
of comfers More than 30 different fungl 1nduc1ng the dlscease have been
recogmzed ( Cocker111 1951; Hartley et al, 1918 Padgett 1958 Rathbun 1923;
Sato et al. 1955 Spauldmg, 1914 Vaartaza 1953 Vaartaza ‘et al, 1956) Most

of them were. 1nd1cated as soil- 1nhab1t1ng fung1 Wh1ch were facultatzve parasltes' '
o Hartley et al, 1918; Shlgeyasu 1953) Nevertheless, a series of microflora
: assomated W1th coniferous seeds were also found to be pathogemc to radlcle‘

and seed]mg of comfer (Fisher, 1941 Garbowskl, 19363 Rathbun Gravatt 1931;

Ten Houten, 1939: T1mon1n 1964) These mlcroorgamsms not only existed in

, surface layers but also in the inner parts of seed structure. (Part III). The
dlsease occurs under “various COl’ldlthnS and assoc1ates with numerous spemes

of fung1, thus no deﬁmte method can be apphed for aII cases In this con-.

nectmn further stud1es on 1nteract1on of seed borne and soil- borne m1croor-

gamsms seem tobe useful to clarlfy the nature of dampmg off d1sease in conlferous '

~nurser1es of Talwan

Matenals and Methods

Elght samples of comferous seeds comprlsed seven spec1es of pmes, e g
slash pine (Pinus ellz\ottzz) Luchu pine (P, luchuenszs) Japanese ‘black: pine (P.

tkunbergzz), Taiwan armand pine (P..armandi var; masterszana),f Taiwan red

pine (P. taiwanensis), Taiwan white pine (,P. morrisonicola), 'and horsetail pine
(P, massoniana), were used in the present experiments. All the seed samples

were collected in this is’land except that one of slash pine samples was imported ,
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from the States. The samples of Luchu pine and Japanese black pine were
purchased from a forestor. For the rest, the seed samples were secured by
courtesy of the Taiwan Forestry Bureau. The soil used throughout the present
experiments, was collected from a forest nursery located in Siackotou, Taipei
Hsien.

Unless otherwise specified, coniferous seeds were surface-sterilized with
0.1 per cent mercuric chloride for 2 minutes and soils were sterilized by an
autoclave at 15 pounds per square inch for 15 minutes. Young seedlings were
grown in Erlenmeyer flasks or ordinary clay pots under aseptical conditions.

Results

Experiment I. .

Autoclaved and non-autoclaved soils were separately seeded with seven
species of pines, 25 seeds a pot, then kept in a sterilized chamber at room
témperature ranging from 16° to 26°C (Fig. 1, 2).  In this experiment, seeds
were not treated. Four replications were made for each. Percentage of seed
germinated and number of injured seedlings were recorded 3 weeks after
seeding. Isolation and identification of the causal organisms were made with
those diseased seedlings.

From the results shown in Table 1, the diseased seedlings were mainly
infected by 5 genera of fungi i. e. Cylindrocladium, Diplodia, Fusarium, Rhizoctonia,
and Verticillium. Seedlings infected by Cylindrocladium were found only among
the seedlings grown in the non.antoclaved soil, whereas Diplodia appeared only
on the diseased seedlings grown in the autoclaved soil. Fusarium, Rhizoctonia,
and Verticillium were isolated from diseased seedlings grown on both autoclaved
and non-autoclaved soils. These facts indicated that Cylindrocladium and Diplodia
were respectively derived from soil and seed while Fusarium, Rhizoctonia, and
Verticillium were possibly from both sources. However, this might not be
true since the seeds used were not sterilized in this experiment.

Under the present experimental conditions, cotyledon rot generally appeared
to be more serious than basal stem rot. For instance, Diplodia caused more
cotyledon rot than basal stem rot. On the other hand, Cylindrocladium showed

Explanation of Plate

Fig. 1. Damping-off appears on the seedlings of pines, i.e. Pinus elliottii’ (A, B), P
luchuensis . (C), P. taiwanensis (D), P. morrisonicola (E), P. massoniana (F), P. thunbergii
(G), and. P. armandi var. mastersiana (H), grown in the non-autoclaved soil in a sterilized
chamber. .

Fig. 2. Damping-off appears on the seedlings of pines, i.e. Pinns elliottii (A, B), P.
luchuensis (C), P. taiwanensis (D), P. moroisonicola (E), P. massoniana (F), P. thunbergii
(G), and P. armandi var. mastersiana (H), grown in the autoclaved soil in a sterilized
chamber.
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Table ‘1. Occurrence of cotyledon rot and basal stem rot

of coniferous seedlmgs grown in soil.*
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* Record was made 3 weeks after seeding, 100 seeds for each.
#% Seedlings were grown in autoclaved{a) and non-autoclaved(b) soils.
**%. Seeds including these imported from the States(A) and native to Taiwan(B):

rather vague results This" fungus incited more cotyledon rot of slash pine
and Luchu pme whﬂe less cotyledon rot was: found in the case of Ta1wan red
plne and about the same numbers. of cotyledon rot and basal stem rot were
detected among sthe ‘seedlings of Japanese black pine. - This might not be just
a matter of host susceptibility per se..- The interaction between seed-borne and
soil-borne microor;ganisms may be suspectgd. In connection with this matter,
germination of coniferous seeds in both autoclaved and non-autoclaved soils
sho'uld‘ be compared. ' Autoclaved soil seemed to induce augmented germinability
of ,fhe seeds except one:case, i.e. slash’ pine seeds imborted from the States:

Nematodes were detected abundantly in Cylindrocladium infected seedlingé
grown on  non- autoclaved sml but not in the seedlings infected by the other
fungi: Again, this 1nd1cated the complexity of the disease incidence:

Further evidence obtalned from the isolation of m1croorgan1sms associated

with non- germlnated eeeds showed that Cylmdroclaa’mm was soil: borne in nature.
Non germmated seeds obtamed in autoclaved soil;, were surface sterlhzed with
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of sterilized distilled water. The treated seeds were transferred aseptically to
potato dextrose agar plate, 10 seeds per Petr1 dish, and mcubated at 28°C for

4 days to yleld the mlcroorgamsms

Four’ genera of fungi, e 'g. szlodia, Fusarium, Rhizoctonia; Verticillium,

\'and a large number of bacteria were isolated (Table 2). “With one exception;

Taiwan Whlte pine, 4ll the seeds yielded bacteria, Among the fungi mentioned
above, Verticillium was ‘most frequently isolated and from the seedlmgs grown

_in autoclaved soil mostly.’ Less seeds, obtained in non-autoclaved soil, yielded
‘Rhizoctonia might  indicate the inferiority of this fungus in counterpart of the

other soil fungi, -In contrast Fusarium- appeared more on the seeds obtamed
in non-autoclaved soil than those in autoclaved.

Tab]e 2. Isolatzon of mzcroorgamsms from non-germinated seeds obtaiﬁed
~ “in antoclaved and non-autoclaved: soil

- :
Sel< el sl %] gl
Species ‘of Conifer S g g : ;§ S 3 .§ 18 '§
o Sg| %% 2§ §18 8
§ Sl |8 o | W N
& ‘ e
Soﬂ autoclaved : .
 No. of seeds tested 93 | 24 | 37 | 18 | 23 | 27 | 26 | 20
Bacteria 93 | 24 |3 | 18|23 | — |2 | 20
-Diplodia i B |16 2 1 = - 1 e
Fusarium : bzl === = ==
Rhizoclonia. - 17 6 1= S
Verticillium w3 52|15 9]0
Soil non-autoclaved: - i i
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Diplodia - = r s = s 4= 2
FPusariom el 3l e =1 5| =] 4] 2
Bhweria 1o C| a2
Verticillium L 91 | 15 | 8 | 5| 3 |40 | 10 | —

L * Seeds mcludmg those 1mported from ‘the States (A) and ‘native to Taxwan (B)

| Expenment II.

Surface sterilized: and non-sterilized seeds ‘Were respec‘mvely seeded in 500~m1

g Erlenmeyer ﬂask containing autoclaved and non-autoclaved soils to make the ’
: 'combmatlons of au’coclaved soils' with surface-sterilized and non.sterilized seeds,

non autoclaved soils with surface-sterilized and untreated seeds The results
are shown in Table 3. o
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Under experimental conditions, 7 genera of fungi were indentified, i.e.
Aspergillus, Cylindrocladium, Diplodia, Fusarium, Penicillium, Pestalotia, and
Pythium. Although the number of seedlings infected by Aspergillus, Penicillium,
Pestalotia, and Pythium was not many, this might indicate the further evidence
for the interaction among microorganisms either soil-or seed-borne in nature
since these fungi were not found in the same seed samples in the foregoing
experiment. In this respect, the disappearance of Rhizoctonia and Verticillium
was also worthy to note. Experimental conditions seemeéd to cause this random
fluctuations.

In regard to that germinability of the coniferous seeds, no definite pattern
could be drawn among the 7 species of pines studied. Lower germinability
was generally observed when surface.sterilized seeds were sown in autoclaved
soils while the surface-sterilized seeds sown in non-autoclaved soils revealed
the conflicting data. However, phytotoxic effect of mercuric chloride might
not be ruled out in these cases. Two cases showed that germinability was
higher with non.sterilized seeds germinated in non-autoclaved soil. The growth
vigour of the seeds may cause the afterementioned result, ‘
Experiment III.

Further investigation concerning the effect of microflora of coniferous seeds
on seedling diseases were carried out with seed samples of slash pine and
Luchu pine. The seeds surface-sterilized with 0.1 per cent mercuric chloride
were separately sown in clay pot with autoclaved soil or in large test tubes
containing corn meal agar, 10 seeds per pot or per tube. The pots were kept
in a sterilized chamber to assure aseptical conditions and the test tubes were
kept on a bench (Fig. 3, 4, 5, 6).

From the resultant data (Table 4) obtained from seedlings grown in soil,
5 genera of fungi, e.g. Aspergillus, Diplodia, Fusarium, Penicillium, and Stem-
phylium, were isolated. Diplodia and Stemphylium were respectively isolated
from slash pine and Luchu pine. Different rates of germination and disease
incidence between slash pine and Luchu pine might result from the microflora
in inner structure of coniferous seeds examined.

On agar, Aspergillus, Chactomium, Chaetomclia, Diplodia, Fusarium, and
Penicillium were isolated from both samples except that Fusarium was not
obtained from Luchu pine. Aspergillus, Diplodia, and Fusarium apparently
influenced the number of the survival of the seedlings. Diplodia appeared to
be more destructive than the others.

Discussion

Gibson (1956) demonstrated that Granosan used in soil treatment indirectly
assisted the spread of damping-off pathogens through the soil by its selective
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Pig. 3. Diplodia sp. derived from inner layers of the slash pine seeds

causes basal stem rot (A) and cotyledon rot (B) of the seedlings.

Fig. 4. Fusarium sp. derived from inner layers of the slash pine

seeds causes hasal stem rot (A) and cotyledon rot (B) of the seedlings.
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from the inner layers

Fig. 5.  Aspergillus (B), Diplodia (C) and Fusarium (D) derived
of the slash pine seeds influence the survival of the seedlings. (A) shows no inner

microorganisms existed in any seeds.

Fig. 6. Diplodia (B), Aspergillus spp. ( ; / 2
from the inner layers of the Luchu pine seeds influence the survival of the seedlings.

e

C,’ D, E), aﬁd Aspergillus ;Li;er (é) derived

(A) shows no inner microorganisms existed in any seeds.
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Table 4. Occurrence of cotyledon rot and basal stem vot of coniferous
seedlings grown in soil under aseptical condition*

No. of cotyledon No. of basal stem
" . rot caused by rot caused by
= = |

83 i S8 | g i 3 §
. . #% 88 % s 3§ s 8§58
Species of pines wh | S= 3 S 3 3 [ 3 2 5
oL |« & S b = S I = o)
£193 N = 3 S 2 3 3 o
s 8 218 &£ § |8 &|3 %
=2 S s &8s e 3
Pinus elliottii** 63 10 3 3 1 12 38 7 1 -
P. luchuensis 88 56 1 — 1 13 — 8 6 3

* Record was made 40 days after seeding, 100 seeds for each.
** The seed sample of slash pine was imported from the States and Luchu pine seeds were
native to Taiwan.

action on the antagonistic microflora. On the other hand, the control of
damping-off was suggested by Simkover et al. (1951) by applying benzene
bexachoride to stimulate mycorrhizal growth in the seedlings. In connection
with these facts, further investigation on interaction between seed and soil
microfloras is important to understand the natural incidence of damping-off in
coniferous nurseries before the establishment of definite rules for seed treat-
ment. ‘

Symptoms of the disease were usually divided into pre- and postemergence
damping-off (Hartley et al., 1918; Spaulding, 1914). The former consists of
reduced emergence and decay of radicle just emerged from seed-coat {Hartley
etal,, 1918; Fisher, 1941); the latter was also subdivided into root rot, cotyledon
rot, and basal stem rot after the seedling emerged from soil (Chen, 1962; Chen
et al, 1963; Ito, 1962). In this series of experiments, reduced emergence,
cotyledon rot and basal stem rot were mainly concerned as a criterion for
clarifying the effect of interaction between seed and soil microfloras on occur-
rence of damping-off of conifers.

So far as the 8 seed samples were concerned, varied results obtained in
Tables 1 and 3 might be due to the different microflora of each seed sample
since the same soils were tested in each treatment. However, lower germina-
bility was generally observed when surface-sterilized seeds were sown in
autoclaved soil. The microorganisms present in the inner parts of seed might
become active owing to the disappearance of antagonistic microflora from both
soil and surface layers of seed (Simkover et al, 1951). On the other hand,
relatively high percentage of seed germination was found in slash pine when
the treated and untreated seeds were sown in non.autoclaved soil. The reason
might be that slash pine seeds were mainly infested with Diplodia (Part 1II)

which was easily hindered by soil-borne microorganisms.
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Germlnatmn of comferous seeds was proved to be inhibited from deespread

 contaminators. In th1s respect it was similar to the results obtained by Fxsher‘ ,' -
('1'941)' Garbowsk1 (1936), Rathbun.Gravatt (1931), Ten Houten ( 1939) and

Timonin (1964). In view of ‘the present experimental results, it was notable
that either ’s'eed stirface-sterilized or soil autoclaved seemed to induce augmented
germinability ‘of seeds except one case, i. e, slash pine seeds. Because the slash’

pine seeds ‘were most abundantly infected by Diplodia. - Under the co‘nditionsf

mentioned above, the antagonistic competition with Diplodia was there by reduced.

Isolation of the microorganisms’ asso'eiated with the non-germinated seed
obtained in autoclaved soil indicated that the failures of germination seemed
to be chiefly affected by seed-borne m‘icroorganisms However, the soil ‘bbrne :
mlcroorgamsms could ‘only exert the inhibitory action to:the seed emergence'

~upon the favorable microflora of the seeds mentioned above..

. Occurrence of ‘cotyledon rot is ch1eﬂy caused by means of seed carrymg k o
pathogens from soil or on seed itself. Microflora existing in the inner layers

of seed seemed to be more significant in this case. Some 'saprophytee e.g
A,spergzllus and Penicillium, under the present experiments, could infect the ‘seed-

hngs to cause damping-off. This confirmed the result obtained by T1mon1n (1964) ‘
Basal stem rot of seedlings was brought about directly by ‘soil-borne ,
m1croorgan1sms and indirectly by seed-borne fungi. In this respect so1lxnhab1t;ng'
fungi, e.g. Fusarium, Rhizoctonia, Verticillium, and Cylindrocladium, seemed to
‘be very destructive. The first 3 fungi were found to be in soil and also V
frequently found in seeds. The dlsappearance of  Diplodia on the seedllngs” '
_grown on non-autoclaved soil might be resulted from the interaction between: f
the soil- and seed-borne m1croorgamsms since  Diplodia was proved to be a -

seed.borne microorganism and easily affected by antagonistic soilmicroflora.

In this connectxon, ‘the 1nfect1v1ty of Diplodia seemed to be not so 1mportant’

when the nursery bed was not sterilized,

- Cylindrocladium-nematode complex disease was frequently found in the

sml non.autoclaved. Further evidence obtained from the isolation of microor-

ganisms agsociated with non-germ:nated seeds 1nd1cated that the causal agents

. "of complex disease was soil- borne in nature Studies of nematodes in relation
to damping- off dlsease are essential, e

To sum up, occurrence of dampmg off of conifers is closely related to the e
interaction of ‘seed. and soil-borne microflora. : The destruction of slash pine.

seedling caused: by Diplodia in autoclaved sbil isa good example " Both seed-
and soil- horne microfloras were apparently varied with ‘different conifers and

soils as well as environmental conditions. With regard to th1s matter, tosearch -
a special treatment for controlling damping- off of a glven species of conifer
"in a certain nursery bed is desired since it is unlikely true that any one treatment

e eedf-borne 'énde‘diI-’bbrne‘ Mieroorgani'smsf 11;"' '
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