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Abstract : The incidence of fungi and their possible contribution to low vigour were examined in a col-
lection of ginseng (Panax quinquefolius) seed from Ontario. When examined after one winter of strat-
ification in the field and storage at 4°C for five months in the laboratory, the collection exhibited low vig-
our (plant stand 16.7% of seeding rate six weeks after seeding) and hight incidence (94%) of discoloured
or soft seed. Fungi isolated (and incidence) from 1,304 endosperm halves recovered from surface-ster-
ilized seed were, in order of abundance, Fusarium roseum (22.2%), Chaetomium crispatum (14.3%), Fusar-
ium oxysporum (9.0%), Fusarium solani (9.0%), Mucor sp. (8.4%), Alternaria sp. (8.1%), Zopfiella leu-
cotricha (7.8%), Cylindrocarpon sp. (0.99%), Fusarium avenacewm (0.9%), and Volutella ciliata (0.4%). Most
of these fungi, including known and potential pathogens of ginseng (species of Alternaria, Cylindrocarpon,
Fusarium, and Trichoderma), were associated with both healthy and diseased seed. Application of Benlate
(benomyl), Thiram (thiram), or UBI-2584 (tebuconazole) to seed caused slight to pronounced reduction
in emergence and did not significantly affect plant stand six weeks after seeding. The study de-
monstrated the high level of infection by fungi, including known and potential pathogens of the crp, in
an arhitrary collection of ginseng seed from commercial sources, and the phytotoxicity of the fungicides
tested when applied to moist stratified seed. The lack of efficacy of the fungicides precluded de-
termination of the contribution of seedborne fungi to low vigour of the seed.
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Introduction

Seeds can be an important source of fungi
pathogenic to seeds, roots or shoots.” Therefore,
seed treatment with fungicides plays a critical
role in controlling plant diseases, and has been
the major approach to control of some his-
torically devastating diseases such as loose smut
of cereals.” The ginseng crop is propagated only
from seed and diseases are major factors limiting
production of the crop.*™ Thus it is important to
determine whether ginseng seed harbour patho-
genic fungi and whether seed treatments can re-
duce ginseng diseases.
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There is little information on seed pathology of
ginseng. However, two research groups have
shown that numerous fungi can colonize ginseng
seed. Fungi isolated from ginseng seed in Korea
and China included Cylindrocarpon spp., Alterna-
ria spp., Phytophthora spp., Fusariwum spp., and
Rhizoctonia solani.”™ These fungi are all potential
pathogens of ginseng.*" There is some evidence
that seed can become colonized during stratifica-
tion despite fungicidal treatment of seed. Tianyu
and Weiqun (1992) reported that the incidence
of fungal contamination of seed treated with Di-
thane M-45 was 669 after 90 days of stratifica-
tion and 100% after 120 days.” This may explain
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why treating seed with formalin before stratifica-
tion did not affect seeding emergence or disease
incidence.*™ In some cases, seed treatments re-
duce germination. Lee ¢ al. (1981) showed that
treating seed with captan before stratification de-
layer maturation of the embryo and suppressed
seed dehiscence, possibly by eradicating fungi
that normally soften the endocarp.”

In Canada, there are no fungicides registered
for use as seed treatments on ginseng, and no
published information regarding contaminatin of
ginseng seed by pathogens, transmission of patho-
gens from seed to the crop, or effects of seed
treatments on disease control or plant growth.™
The objectives of this study, therefore, were to
(1) identify and quantify fungi from ginseng seed
in Ontario, and (2) determine plant growth and
disease after applying fungicides to stratified
seed.

Materials and Methods

1. Seed

Samples of ginseng(Panax quinquefolius L.) seed
that had been stratified in sand over winter in the
the field were collected from five farms in south-
ern Ontario in September 1994. The samples were
combined then divided into three lots. Each lot
was considered a replicate subsample of the com-
posite sample. Each replication was buried in a 2:1
mixture of damp sand and seed and stored at 4°C
for five months, at which time the seed were start-
ing to germinate. The containers of seed and sand
were weighed before being placed in cold storage.
At regular intervals during storage, water was add-

Table 1. Categories of endosperm halves of ginseng seed

ECRREEE

ed to maintain constant weight of the containers
and their contents. Each replication of seed sub-
jected to one winter of stratificatin in the field fol-
lowed by five months of cold storage in the la-
boratory was examined for fungal infection and ef -
ficacy of fungicidal seed treatments.

2. Seed infection

To determine infection of seed by fungi, about
220 seeds (12 g) were weighed out from each re-
plication, surface sterilized by immersion for one
minute in 95% ethanol and for three minutes in a
10% solution of Javex® in water (0.6% sodium hy-
pochlorite), rinsed in sterile deionized water, and
blotted dry on autoclaved Whatman® filter paper.
The seed coat was removed and the endosperm
was split into two halves. Each endosperm half
was assigned to one five categories based on its
visual appearance, as described in Table 1. Ca-
tegory A was considered healthy and categories
B-E were considered diseased.

The endosperm halves in categories A, B and
C were surface sterilized as above and blotted
dry. The location of the embryo was not re-
corded. Numerous detached embryos were ob-
served in the rinse water, but portions of the em-
bryo may have remained attached to one or both
endosperm halves. Endosperm halves from ca-
tegories D and E were ont surface sterilized.

Endosperm halves in categories A, B, and C,
and portions of rotted material from endosperm
halves in categories D and E, were transferred to
9-cm-diameter petri dishes containing potato dex-
trose agar (PDA) amended with 100 mg/L of no-
vobiocin at the rate of four per dish. The numb-
ers of endosperm halves sample from each re-

Endosperm appearance

Category

Colour Texture

A White to cream, no orange brown or red-brown lesions Firm
B White to cream, a few scattered orange-bhrown to red-brown Firm

lesions covering less than 10% of the exterior surface
C White to cream, more than 10% of the exterior surface covered Firm

with orange-brown to red-brown lesions, mostly 1~2 mm long
D White to cream Soft (creamy or cheesy)
E Mix of white, cream, black, gree, yellow or pink Soft (creamy or cheesy)
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Table 2. Number of endosperm halves obtained from
three replicate samples of ginseng seed

Data Endosperm category*
category A B C D E
Sample 1 27 178 66 94 73
Sample 2 20 156 97 102 55
Sample 3 32 180 86 70 68
Total 79 514 249 266 196
Y% 6 39 19 20 15

* Endosperm categories described in Table 1.

plication in each disease category are shown in
Table 2. The dishes were covered with black
cloth and incubated under laboratory conditions
(20°C). The cloth was removed after two days
and fungi growing from the endosperm were
transferred to PDA and grown under laboratory
conditions for identification. Fungi were iden-
tified according to descriptions provided in the
literature,”™

3. Seed treatment

Three fungicides were tested on each replica-
tion for efficacy as seed treatments. The requi-
red amount of fungicide and 1 mL of water were
added to a 500-mL mason jar and swirled to coat
the side of the jar."” Seed to be treated with fung-
icide was selected from categories A, B, and C.
The endosperm had split the seed coat and the
seed was considered to be in the process of ger-
minating. After addition of 25 g of seed, the jar
was rotated on a 45° angle, clockwise and coun-
terclockwise, until the sides of the jar were clear
and the seeds were evenly coated. The fungi-
cides used were (1) Benlate 50WP (Du Pont de
Nemours, Streetsville, Ontario), containing beno-
myl 50 g a.i./100 g product, applied at the rate of
50 mg product/25 g seed; (2) Thiram 75WP
(Uniroyal Chemical Ltd., Elmira, Ontario), con-
taining thiram at 75 g a.i./100 g product, applied
at the rate of 90 mg product/25 g seed; and (3)
UBI-2584 (Uniroyal Chemical Ltd.), containing
tebuconazole at 8.33 mg a.i./L, applied at the
rate of of 0.06 ml product/25 g seed. These pro-
ducts were chosen hecause they were moderate-
ly to highly toxic to C. destructans in vitro.”” Ben-
late was formulated for use as a foliar spray or
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soil drench. The other two products were for-
mulated as seed treatments and contained dye to
colour the seed. Insufficient seed was available to
test more than one fungicide rate. Controls con-
sisted of untreated seed agitated in a mason jar
and non-agitated untreated seed. The seeds were
not allowed to dry to avoid loss in viability. From
each replication, 96 seeds were planted in-
dividually in PGX potting mix (Plant Products,
Mississauga, Ontario) in 12.5-cm-diameter pots
(Kord Products, Bramalea, Ontario). Plants were
maintained in a greenhouse at 20°C under po-
lypropylene shade that transmitted 30% of the in-
cident light. Seedling were watered as required
and plants were monitored for emergence and
damping-off over a period of six weeks. Plants
were removed as they became diseased, surface
sterilized in 70% ethanol for one minute, and plat-
ed onto 1.5% water agar containing 0.5 ml. Ter-
gitol NP-10, 50 mg streptomycin sulphate, 50 mg
chlortetracycline, 50 mg chloramphenicol, and 1
mL 95% ethanol per litre of medium.

4. Data analysis

To compare means statistically, data were sub-
jected to analysis of variance (ANOVA). When
ANOVA indicated significant treatment effects,
means were compared by the least significant diff-
erence (LSD) test at P=0.05. Percentage data on
incidence of fungi in endosperms were analyzed as
untransformed data (x), as V% and as V(x+0.5).
The latter two transformations were recommend-
ed by Steel and Torrie (1980, p. 235) for per-
centage values in the range 0-20.” Data were
analyzed using SAS/STAT User's Guide, Release 6.
03 Edition, SAS Institute Inc., Cary, NC.

Results

Most (94%) of the endosperm halves were disea-
sed (categories B-E) and most diseased halves oc-
curred in category B (39%, Table 2). Because
each seed contains two endosperm halves, the in-
cidence of infected seed could range from one to
two times the incidence of infected endosperm
halves. For example, a subset of 10 endosperm
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Table 3. Frequency of infection (%) of ginseng endosperm halves by fungi

Endosperm category’

Fungus A B C D E All
Fusarium roseum’ 42.0a" 19.3bc 34.7ab 5.3¢ 32.7ab 22.2
Chaetomium crispatum’ 51.0a 14.7b 21.7b 6.7b 0.0b 14.3
Fusarium oxysporum™ 14.0 4.0 9.0 14.7 10.7 9.0
Fusarium solani* 0.0 13.0 10.7 7.3 5.7 9.0
Mucor sp.* 19.7 3.7 8.7 7.3 13.7 8.4
Alternaria sp.* 10.3 10.0 6.7 3.0 9.7 8.1
Zopfiella leucotricha’ 0.0b 12.0a 15.0a 0.0b 0.0b 7.8
Cylindrocarpon destructans™ 7.6 5.7 5.6 1.9 8.4 54
Fusarium merismoides™ 14.3 4.0 0.0 2.3 6.7 3.8
Trichoderma sp.” 0.0b 3.3a 0.0b 0.0b 0.0b 1.2
Oylindrocarpon sp.* 0.0 0.0 2.3 1.9 0.0 0.9
Fusarium avenaceuwm’ 17.7a 0.0b 0.0b 0.0b 0.0b 0.9
Volutella ciliata™ 0.0 0.0 0.0 2.0 0.0 0.4

' Endosperm categories described in Table 1.

' F test for effect of endosperm category significant at p=0.05.
* Within a row, means followed by the same letter are not significantly different according to a protected LSD

test at p=0.05.

* F test for effect of endosperm category not significant at p=0.05, LSD tests not conducted.

halves could have come from five to 10 seed.
Therefore, five infected endosperm halves out of
10 halves (50% infected endosperm halves) could
represent 50-100% infected seed. The incidence of
seed infection must therefore be equal to, or great-
er than, the incidence of infected endosperm hal-
ves.

The results of analyses on untransformed and
transformed values for incidence of fungal in-
fection in endosperm halves were essentially
identical. Therefore, results are presented for un-
transformed values (Table 3).

The most abundant genus was Fusarium Link :
Fr., including F. oxysporum Schlechtend. : Fr., F.
solani (Mart.) Sacc., F. avenacewm (Fr.:Fr.) Sacc.,
F. wmerismoides Corda, and F. rosewm Link:Fr.
The incidence of infection of endosperm halves
by species of Fusarium ranged from 0.9% (F.
avenaceum) to 22.2% (F. roseum). Fusarium ox-
ysporum and F. roseum occurred in all endosperm
categories. Fusarium roseum was the most abun-
dant species and was most common in en-
dosperm categories A, C, and E. Fusariwm ox-
ysporum was the third most common species, and
was equally abundant in all endosperm categories.
Fusarium solani was the fourth most abundant
species, occurring with equal frequency in all

disease categories but not detected in healthy en-
dosperms. Of the two least abundant species of
Fusarium, F merismoides was recovered from all
categories except C, and F. avenaceum was ob-
tained only from healthy endosperms.

Gylindrocarpon destructans {(Zinssmeister) Schol-
ten was the eighth most commonly isolated fungus,
and infected 5.4% of the endosperm halves. It was
isolated from healthy endosperms and all catego-
ries of diseased endosperms at frequencies (1.9~
8.4%) that were not significantly different. In ad-
dition, a few isolates of unidentified species of Cylin-
drocarpon were recovered from categories C and D.

Other fungi isolated from endosperm included,
in descending order of abundance, Chaetomium
crispatum (Fuckel) Fuckel (categories A-D), Mu-
cor P. Mich. : Fr. sp. (all categories), Alfernaria
Nees sp. (all categories), Zopfiella leucotricha
(Speg.) Malloch and Cain (categories B and C),
Trichoderma Pers.:Fr. sp. (category B only), and
Volutella cilicata Alb. & Schw.:Fr. (category D
only). Incidence of infection of endosperm halves
by this group of fungi ranged from 0.4%(V. ciliata)
tp 14.3% (C. crispatum).

In controls in the seed treatment experiment,
about 80 seedlings developed from the 96 seeds
sown per replication (Table 4). All emergence in
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Table 4. Effects of benoimyl, thiram, and tebuconazole seed treatments on number of emerged plants’, diseased

plants’, and surviving plants’

Treatment

Plant category

Untreated, unshaken Untreated, shaken Benomyl Thiram Tebuconazole
Emerged 81.0a"" 79.7a 62.7ab 34.0c 36.7bc
Diseased 67.3a 63.7a 29.7b 16.3b 25.0b
Surviving® 13.7 16.0 33.0 17.7 12.0

196 seeds were sown in each of three replications.

¥ Plant emergence was monitored for six weeks after seeding.

' Diseased plants were removed when symptoms were observed.

' Surviving plants were those remaining when the experiment was terminated six weeks after seeding.
* | test effect of seed treatment not significant at p=0.05, LSD tests not conducted.

controls occurred within five days of seeding. Six
weeks after seedling, 64~67 (80~83%) of the
plants had become diseased and had been re-
moved from the pots. ANOVA indicated signi-
ficant effects of treatment on numbers of em-
erged and diseased plants but not on final stand.
There were no significant differences between
the two controls in any plant category (Table 4).
Treatment of seed with fungicide reduced em-
ergence compared to the controls, significantly
and by more than 50% in the case of thiram and
tebuconazole (Table 4). New seedlings continued
to emerge in treatment pots for up to four
weeks after seedling. Fewer diseased plants de-
veloped from treated seed than from untreated
seed, but final stand was not affected by ssed
treatment. In controls and treatments, unger-
minated seeds were not rotted but neither they
nor diseased seedling yielded fungal colonies
when plated on isolation medium.

Discussion

Most (94%) endosperm halves were diseased,
13 taxa of fungl were recovered from seed, and
eight of these taxa included forms pathogenic to
ginseng or other plants (Alternaria, Cylindroca-
rpon destructans, Cylindrocarpon sp., F. avenaceum,
F. oxysporum, F. roseum, F. solani, and Tricho-
derma). The taxa isolated were similar to those
reported by Lee et al. (1981), Tianyu and Wei-
qun (1992) and Tianyu e «al. (1989).° Isolated
taxa known to be pathogenic to ginseng included

C. destructans, F. oxysporuwm, and F. solani.™ It is
likely that some of these fungi contributed to the
disease symptoms observed on the seed, but this
remains to be determined. Endosperm category
significantly affected incidence of only five fungi:
Fusarium roseum, Chaetomium cvispatum, Zopfiella
leucotricha, Trichoderma sp., and Fusarium avena-
ceum, and only two species, Trichoderma sp. and
Z, leucotricha, were significantly more abundant
In one or more categories of diseased seed than
in healthy seed.

The species of Alternaria isolated were not
identified, but may have included A. panax Whet-
zel in Whetzel & Rosenb. This species causes Al-
ternaria blight of ginseng, characterized by red to
brown lesions on stems and leaves.” Parke and
Shotwell(1989) reported that A. panax can infect
ginseng herries.”” It is therefore possible that A.
panax infected the seed examined in this study
and contributed to disease on seed and seedings.
Future studies should examine the pathogenicity
of Alternaria from ginseng seed, and the pos-
sibility that A. panax is seedborne.

The most abundant group of fungi recovered
were rapidly growing isolates of Fusarium pro-
ducing pink, yellow or red pigmentation. This
group may have included species such as F. gram-
mearum, F. culmorum and F. avenaceum. A few
isolates were identified as F. avenaceum, the re-
mainder were labelled F. roseum. Further work
on the pathogenicity of Fusarium species to gin-
seng 1s warranted, given their abundance in gin-
seng seed and their pathogenicity to a wide range



234 A. Monique Ziezold, Richard D. Reeleder, Robert Hall* and John T.A. Proctor = B s By

of plants.”

It is not known when the seed became infected
with fungl. It is likely that some, possibly most,
infection occurred during stratification, as sugges-
ted by the results of Tianyu and Weiqun (1992).”
During stratification, the endosperm matures and
the endocarp cracks, exposing the endosperm to
microorganisms in the stratification medium.

Several of the fungal taxa recovered from seed,
especially species of Cylindrocarpon and Fusarium,
are known to cause root rot. Root pathogens
might be transmitted from seed to the develo-
ping root, to the soil, and to other roots. Seed-
borne pathogens would be strategically located to
be early colonists of the developing root, and
therefore to have a competitive advantage over
other root colonists. Cylindrocarpon destructans in-
fected 6.6% (35/593) of endosperm halves in ca-
tegories A and B, those most likely to produce
plants, and 5.4% of endosperm halves over all ca-
tegories. Ziezold ef al. (199xb) observed that, dur-
ing one growing season, one infected root caused
disease in as many as 1.6 neighbouring roots
within a radius of 5 cm.”™ If all surviving plants
from seed infected with C. destructans produced
roots affected by disappearing root rot, a rate of
seed contamination of 6% could produce about
10% diseased roots within a year, and possibly
more in older gardens. Seed may therefore be a
significant source of inoculum causing root rot.

In view of the occurrence of potentially patho-
genic fungi on the seed, the effects of fungicidal
seed treatments on plant stand and disease were
determined. The fungicides were applied at rates
consistent with those recommended for seed of
other crops. but two (thiram and tebuconazole)
significantly reduced emergence compared to un-
treated controls. Phytotoxicity of fungicides to
ginseng seed reported previously was attributed
to suppression of fungi that normally soften the
endocarp.” In the present study, the fungicides
might have been phytotoxic because the seeds
were wet and the endocarp was ruptured. These
features would provide the fungicides with great-
er access to the embryo than occurs when they

are applied to the intact and dry surface of most
agricultural seeds. Bateman ef al. (1986) also con-
sidered that injury to the seed coat increases tox-
icity of fungicdal seed treatments.” Ginseng seed
must be kept moist to remain viable. Therefore
it was not possible to follow published seed treat-
ment protocols, which require the chemical to
dry on the seed surface for a minimum of 24
hours.”™ In addition, liquid formulations tend to
be more phytotoxic than others, possibly con-
tributing to the phytotoxicity of tebuconazole.®
Overcoming the phytotoxicity of fungicides to gin-
seng seeds remains a major challenge, and will be
essential to the development of registered pro-
ducts.

The most encouraging effects of seed treat-
ments were provided by benomyl, which did not
significantly reduce emergence. in addition, the
number of healthy plants from benomyl-treated
seed was greater at the end of the trial, although
not significantly, so than in the controls. Be-
nomyl seems worthy of further evaluation as a
seed treatment for ginseng. The availabilty of ef-
fective, non-phytotoxic seed treatments will per-
mit basic studies on the contribution of seed-
borne fungi to diseases and low seed vigour of
ginseng, in addition to providing a practical and
economic approach to managing these fungi.

Growers routinely place stratified seed in water
and discard those that float. Although the as-
sumption was not tested, it is likely that floating
seed are in categories D and E, and that growers
plant seeds in categories A-C. The incidence of
healthy seeds (category A) in a collection of seeds
drawn randomly from categories A-C would likely
have been about 9% (79/842, Table 2), whereas 83-
84% of the seed in untreated controls produced
emerged seedings. It is therefore clear that diseas-
ed ginseng seed in categories B and C can ger-
minate and produce seedings. However, the per-
centage of plants alive after six weeks (14~17%)
approached the percentage of healthy seeds sown
(9%). This suggests that poor quality seed is a ma-
jor cause of early declines in plant stand, and that
plant stand within a few weeks after seding will
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approximate the incidence of healthy seed. This
conclusion, which remains to be tested, emphasizes
the importance of seed quality in producing sa-
tisfactory early stands of ginseng. The effect of
pathogens on seed quality remains to be determi-
ned.

Although fungi were readily isolated from seed
after stratification, they could not be isolated from
seed or seedings in pots, possibly because of high
contamination by mites, bacteria and nematodes.
Thus, it was not possible to determine pathogens
present in seeds and diseased plants at the end of
the seed treatment experiment.

Given the high incidence of diseased seed in
this arbitrary collection from five commercial
sources, and the broad range of pathogens car-
ried on seed, it is likely that pathogens infecting
ginseng seed infest fumigated soils, reduce em-
ergence of seedlings, lower plant stands, and
cause diseases of roots and shoots. Seed treat-
ments may help to manage some of these prob-
lems. Further work should be done to decrease
the phytotoxicity of fungicides to ginseng seeds
and to improve their efficacy in disease control.
Future trials could test fungicides toxic to C. des-
tructans in vitro, powder formulations, and reduc-
ed quantities of fungicide and water.
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