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Biological Control of Postharvest Root Rots of Ginseng
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ABSTRACT : The production of Korean ginseng, one of the most important medicinal root crops, is
limited by many factors including soil sickness, root rots in fields as well as during storage prior to con-
sumption. Although much research has been conducted on the diseases in field condition, little infor-
mation is available on the control of postharvest roots rots. To obtain better management strategy of
postharvest root rots in ginseng, biological control using antagonistic bacteria was attempted. Of 208
bacteria obtained from suppressive soil samples, 4 were selected based on the inhibitory effect on my-
celial growth of two major causal fungi for postharvest root rots in ginseng, Botrytis cinerea and Fusar-
ium solani. The culture filtrates of these bacterial antagonists greatly inhibited the conidial germination
of both pathogenic fungi and produced abnormal morphology such as swollen germ tubes in F. solani
and vacuolation of nongerminated conidia in B. cinerea. The population levels of bacterial antagonists
on the ginseng roots were gradually increased up to 8 days of incubation. Postharvest root rots of gin-
seng caused by F. solani and B. cinerea were controlled in dipping tests in the ranges of 60~80% by an-
tagonistic Bacillus spp. obtained from suppressive soil. These results suggest that biological control us-
ing these antagonistic bacteria would be an alternative strategy to control postharvest root rots in ginseng.
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Korean ginseng (Panax ginseng Meyer) has been re-
cognized in the Orient as one of the most important
medicinal root crops belonging to the Araliaceae fam-
ily and its demand increases yearly. However, stable
production of ginseng is limited by many factors in-
cluding root rots caused by Cylindrocarpon destructans
and Fusarium solani and postharvest diseases. Since gin-
seng requires fertile soil, rich in humus and with con-
tinuous shade for six years to grow until harvest, there
is no practical control measure for root diseases in fields
(4-6).

Postharvest diseases in fruits, vegetables, and root cro-
ps have not received the attention that the magnitude
of the problem warrants, although they cause major los-
ses in food production. In United States, it has been es-
timated that approximately 24% of harvested fruit and
vegetables is lost to postharvest spoilage (18). Posthar-
vest losses are even greater in developing countries
where sanitation and refrigeration are lacking or min-
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imal. Although the accurate estimation is not available,
postharvest loss of ginseng may be equivalent to other
fruits and vegetables. Root rots caused by Botrytis cin-
erea and F. solani account for the majority of posthar-
vest loss in ginseng (4-6). Fungicide application is the
primary means to control diseases in the field and pos-
tharvest stages. However, the residual toxicity of chem-
icals on foods and appearance of resistant strains of
pathogens to chemicals require the alternative strategies
for stable production and storage of ginseng (7).
Biological control of ginseng root rots caused by C.
destructans and F. solani with nonpolluting soil amend-
ments and antagonistic microorganisms has been tried
during the past (5, 6). However, no attempt has been
made on biological control of ginseng root rots during
postharvest stages. Biological control of postharvest
diseases is relatively new field, but there have been sev-
eral encouraging developments (19). Much of this work
has been concerned with the control of wound patho-
gens, such as B. cinerea (12, 15) and Monilinia fruc-
ticola (13). There are several advantages in using bio-
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logical control agents at the postharvest stage, because
wounding of fruits and roots occurs mainly during har-
vesting and postharvest handling. Thus the antagonists
can be applied when the wound is most likely to occur,
and subsequently can occupy the wound surface in ad-
vance and prevent subsequent invasion by pathogens.
Antagonistic bacteria and yeast, such as Bacillus subtilis
(13, 14), Pseudomonas cepacia (10), Enterobacter aero-
genes (16), and Debaryomyces hansenii (2, 3), have been
tested to control postharvest diseases in a variety of stor-
ed vegetables and fruits including apple, peach, pear, cher-
ry, potato, and tomato.

In this paper we have assessed the potential of bio-
logical control approach for the reduction of postharvest
development of root rots in ginseng. Potential antago-
nistic bacteria were isolated from the suppressive soil,
screened for antagonistic activity, and then tested for the
control of root rots caused by B. cinerea and F. solani.

MATERIALS AND METHODS

Fungal strains and cultural conditions. Botrytis cin-
erea and Fusarium solani were isolated from decayed
tissues of ginseng in the storage condition. These iso-
lates were single-spored and maintained on potato carrot
agar. Conidia of B. cinerea and F. solani were harvest-
ed from 5 and 8 days old plates, respectively, and wash-
ed with sterile distilled water twice.

Isolation and identification of antagonistic bac-
teria. The antagonistic bacteria were isolated from sup-
pressive soils collected from Jungpyung, Eumsung,
and Taejon where ginseng had been grown for several
years without root rots. Soil samples (50 g) were su-
spended in 500 ml of sterile water and serial dilutions
were made on soil extract agar medium. The plates were
incubated at 29°C for 2 days and visible bacterial colo-
nies were transferred to fresh LB agar medium. Poten-
tial antagonists against B. cinerea and F. solani were
selected by dual culturing on potato dextrose agar
(PDA) at 26°C for 6 days. Bacterial isolates which in-
hibit strongly mycelial growth of two pathogenic fungi
were selected as potential antagonists. Identification of
potential antagonistic bacteria was conducted according
to Bergey's manual (1). Identification of selected iso-
lates was further performed by Biolog GP Microplate
System (11).

Effect of culture filtrates of bacterial antagonists
on conidia germination of B. cinerea and F. solani.
Four antagonistic bacteria (B-17, B-18, B-19 and B-19-

17) were grown in LB broth at 29°C for 3 days. Cul-
ture filtrates were prepared by centrifugation of bac-
terial cultures at 8,000 rpm. Conidial suspensions of B.
cinerea and F. solani (1x10° conidia/ml) were spread
on water agar medium supplemented with bacterial cul-
ture filtrates by equal volume. The plates were incubat-
ed at 26°C and 17°C for F. solani and B. cinerea,
respectively. Percentage of conidia germination was ob-
tained by direct observation under microscope at least
100 conidia with 3 replicates. The experiments were re-
peated twice.

Colonization of bacterial antagonists on ginseng
roots. The ability of cells of antagonistic bacteria to
survive and multiply on the ginseng root was studied
to determine if selected bacteria are effective colonizers
of ginseng roots. Resistant strains to streptomycin (100
mg/ml) and rifampicin (50 mg/ml) were obtained from
selected four antagonistic bacteria (B-17, B-18, B-19,
and B-19-17) by UV-irradiation and selection on anti-
biotics amended media. These strains were tested for
their antagonistic abilities by dual culturing with B. cin-
erea and F. solani. Their stabilities for antibiotics resis-
tance were also tested through subculturing for 6 gen-
erations. These antibiotic resistant antagonistic bacteria
were used for colonization and biological control tests.
Surface sterilized 4-year-old ginseng roots were dipped
into antagonistic bacterial suspension (10" cfu/ml) and
placed into moistened clear aluminium boxes (19X 14 X
3.5 cm). These boxes were incubated in a growth cham-
ber at 26°C. To determine population density on gin-
seng roots, the ginseng root from each treatment was
taken daily and completely homogenized in sterile dis-
tilled water. The population density was obtained by di-
lution plate assay on LB agar medium supplemented
with streptomycin and rifamficin for 8 days with 1 day
interval.

Biological control of ginseng root rots by antago-
nistic bacteria. Four-year-old ginseng roots were sur-
face-disinfected with 3% sodium hypochlorites solution
for 40 min and rinsed with sterile distilled water sev-
eral times. These ginseng roots were dipped in antago-
nistic bacterial suspensions (B-17, B-18, B-19, and B-
19-7; antibiotic resistant; 10" cfu/ml), procymidone (1
mg/ml), or distilled water. After drying at room tem-
perature for 2 hr, the ginseng roots were inoculated by
spraying conidial suspensions (1x 10°/ml) of B. cinerea
and F. solani. Roots inoculated by B. cinerea and F.
solani were incubated at 22 and 25°C, respectively.
Disease severity (%) was measured 8 days after ino-
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culation by estimating percentage of root rotting. Sta-
tistical computation was conducted by using the Sta-
tistical Analysis System (SAS Institute Inc., NC, USA).

Microfloral changes were monitored by the dilution
plate techniques as described above. Population changes
of B. cinerea and F. solani were monitored on 2% malt
extract agar medium containing 5% oxgall and PCNB
medium, respectively. Population changes of antagoni-
stic bacterial were also measured on LB agar medium
supplemented with streptomycin (100 m g/ml) and rif-
amficin (50 mg/ml). Population densities of fungal patho-
gens and antagonistic bacteria were measured for 8 days
with 1 day interval.

Scanning electron microscopy. Four-year-old gin-
seng roots inoculated with B. cinerea and antagonistic
bacterium B-19-17 simultaneously were fixed in 30%
glutaraldehyde in 0.05 M phosphate buffer (pH 7.0) for
60 min. The specimens were washed three times for 10
min, postfixed in aqueous 2% OsO4 solution for 60 min,
and rinsed 3 times with distilled water. Then the speci-
mens were dehydrated through a series of ethanol-amyl
acetate gradient. Critical point dried specimens were
coated with gold and viewed in a scanning electron mi-
croscope (Hitachi S-570, Japan) in 10 Kv.

RESULTS

Isolation and identification of bacterial antagonists.
Six suppressive soils to ginseng root rots were collect-
ed from Jungpyung, Eumsung, and Taejon. A total of
208 bacterial colonies were isolated from six soil sam-
ples and tested for their inhibitory effect on mycelial

growth of B. cinerea and F. solani. Of 208 isolates test-
ed, 4 (B-17, B-18, B-19, and B-19-17) have shown
strong antagonistic activity (Fig. 1). These isolates also
exhibited strong antagonistic activity against other plant
pathogenic fungi including Colletotrichum gloeosporioi-
des, Pyricularia grisea, Rhizoctonia solani, Phomopsis
sojae, P. longicola, and Phytophthora infestans (data not
shown).

Selected 4 bacterial isolates were gram positive and
aerobes. They also formed endospores on 14 days after
incubation on LB agar medium. According to the results
of morphological and physiological characteristics and
Biolog GP Microplate system, B-18, B-19, and B-19-17
were identified as Bacillus amyloliquefaciens with the
similarity of 65.1, 54.9, and 57.0%, respectively. Iso-
lates B-17 was identified as an unknown species of Ba-
cillus (Table 1).

Effect of culture filtrates of bacterial antagonists
on conidia germination of B. cinerea and F. solani.
Conidia of F. solani in water control germinated 100%
at 6 hr after incubation. However no conidia ger-
mination was observed at 6 hr incubation when culture
filtrates of all 4 bacterial antagonists were added to the
medium. When incubation was prolonged up to 16 hr,
conidia germinated at reduced frequencies. Culture fil-
trate of B-19-17 was most potent, followed by those of
B-19, B-18, and B-17, respectively (Table 2). Swelling
and crushing of germ tubes were typical morphological
abnormalities by culture filtrates in F. solani (Fig. 2).
Conidia germination of B. cinerea was completely in-
hibited with all 4 culture filtrates up to 48 hr in-
cubation, whereas most conidia germinated in control

)
Fig. 1. Inhibitory effect of bacterial antagonists, B-18 and B-19, on the mycelial growth of B. cinerea (left) and F. solani (right)

on PDA.
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Table 1. Biochemical and physiological characteristics of antagonistic isolates compared with the description of Bacillus amylo-

liquefaciens
Bacterial isolates Bacillus
Tests : .
B-17 B-18 B-19 B-19-17 amyloliquefaciens
Gram reaction + + + + +
Cell length (um) 1.5~4 2~3 2~-3 2~3 1.8~3.0

Catalase + + + + +
OJF test - - — — —
Methyl red (MR) test - - - - -
Voges-Proskauer (VP) test + + + + +
Hydrolysis of Casein + + + + +
Starch + + + + +
Gelatin - + + + +
Citrate + - - + +
Nitrate reduction + + + + +
Indole - - - - -
H.S - - - - -
Growth in pH 6.8 + + + + +
5.7 + + + + +
Growth in NaCl 2% + + + + +
5% + + + + +
7% + + + + +
10% + - - - +
Growth at 10°C - - - - -
30°C + + + + +
40°C + + + + +
55°C - - - - -
Oxidase - - - - -

Arginine dihydrolase S -
Lysine decarboxylase - -

Table 2. Effect of culture filtrates of bacterial antagonists on
conidia germination of B. cinerea and F. solani

Conidia germination (%+S.D.)

Isolates B. cinerea F. solani

12 hr 48 hr 11 hr 16 hr
B-17 0 0 222+1.5 82.8+3.8
B-18 0 0 35404 594+1.6
B-19 0 0 0715 244445
B-19-17 0 0 05+0.7 142408
Water 914462 914+6.2 100+0.0 100+0.0

Conidia germination was measured on water agar supplement-
ed with culture filtrates of bacterial antagonists by equal
volume.

by 12 hr (Table 2 and Fig. 3).

Root colonization of bacterial antagonists. To de-
termine if selected bacteria are effective colonizers, the
ability of antagonistic bacterial cells to survive and mul-
tiply in ginseng roots was evaluated. The population
densities of 4 bacterial antagonists increased up to 3
days, and maintained without a large fluctuation up to 8
days on ginseng roots. The population densities of bac-
terial antagonists B-19-17 and B-19 were maintained at

higher levels than those of B-17 and B-18 (Fig. 4).

Biological control of ginseng root rots by antagoni-
stic bacteria. The control efficacy of root rots by an-
tagonistic bacteria was evaluated. Treatments of all four
antagonistic bacteria significantly reduced severity of
root rots of ginseng by B. cinerea and F. solani. The
control efficacies of root rots by antagonistic bacteria
were comparable to those obtained by the treatment of
a fungicide, procymidone. The antagonistic bacteria B-
19 and B-19-17 were more effective than B-17 and B-18
to control both diseases (Table 3, Fig. 5 and Fig. 6).

The levels of population densities of B. cinerea and
F. solani on ginseng roots increased up to 4 and 3
days, respectively, and then sustained the similar levels
up to 8 days. Pre-treatments of ginseng roots with an-
tagonistic bacteria significantly reduced the population
levels of B. cinerea and F. solani. The procymidone
treatment also reduced the population levels of two
pathogens at the similar levels obtained by pre-treat-
ments of antagonistic bacteria (Fig. 7 and Fig. 8).

Scanning electron microscopic observation showed
that conidia of B. cinerea on ginseng did not germinate
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a b

Fig. 2. Morphological abnormalities induced by culture filtrate of a bacterial antagonist B-19-17 on conidia germination of F. so-
lani. a-c: germ tubes were swollen and crushed, d : normal germination. The scale bars represent 50 um.

Fig. 3. Effect of culture filtrate of a bacterial antagonist B-19-17 on conidia germination of B. cinerea. a: conidia did not ger-
minate until 48 hr after incubation and heavily vacuolated, b:normal germination at 12 hr of incubation. The scale bars
represent 50 um.

and even distorted when coinoculated with the an- DISCUSSION
tagonistic bacterium B-19-17. These bacterial cells also
covered around the conidia, hypha of B. cinerea and These experiments have shown that ginseng root rots

ginseng root (Fig. 9). by F. solani and B. cinerea during postharvest periods
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Fig. 4. Population changes of bacterial antagonists on ginseng
roots. Ginseng roots were inoculated with 4 bacterial antago-
nists (10 cfu/ml) and incubated at ambient relative humidity.
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Table 3. Effect of bacterial antagonists on the suppression
of postharvest ginseng root rots by B. cinerea and F. solani

Disease severity (%+S.D.)"

Treatment

B. cinerea F. solani
B-17 37.24+15.9b 40.4+14.1b
B-18 24.8+8.9b 35.3+22.2bc
B-19 20.8+2.2¢ 18.9+10.0cd
N-19-17 20.7+9.2¢c 26.9+12.3bcd
Procymidone 19.4%2.7c 9.4+3.0d
Water 100.0£0.0a 100£0.0a

*Disease severity (%) was measured at 8 days after inocula-
tion. Means followed by the same letter are not significantly
different at P=0.05 according to the Duncan's multiple range

test.

Fig. 5. Suppression of ginseng root rot caused by F. solani. Ginseng roots were treated with antagonistic bacteria or procymid-
one and subsequently inoculated with conidial suspension (10° conidia/ml) of F. solani. Disease severity was measured at 8 days
after incubation. A : Water control, B : Procymidone, C:B-17, D:B-18, E:B-19, F: B-19-17.
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Fig. 6. Suppression of ginseng root rot caused by B. cinerea. Ginseng roots were treated with antagonistic bacteria or pro-
cymidone and subsequently inoculated with conidial suspension (10° conidia/ml) of B. cinerea. Disease severity was measured at
8 days after incubation. A : Water control, B : Procymidone, C:B-17, D :B-18, E:B-19, F:B-19-17.

could be reduced by the treatment of antagonistic bac-
teria isolated from suppressive soils. The bacterial an-
tagonists B-18, B-19, and B-19-17 were identified as B.
amyloliquefaciens, but B-17 was identified as unknown
species of Bacillus. Highly amylolytic, spore-forming
bacilli, B. amyloliquefaciens, was taxonomically separat-
ed from B. subtilis subspecies in 1968 (17).

The mechanism by which antagonistic bacteria in-
hibit the fungal pathogens of root rots have not been
fully determined in these experiments. However, the
culture filtrates of bacterial antagonists completely in-
hibited spore germination, and induced vacuolation of
ungerminated conidia and mycelial swelling of B. cin-
erea. The culture filtrates also reduced significantly

spore germination and induced hyphal tip swelling of
F. solani. These data indicated that antibiotics are pro-
duced by these antagonistic bacteria. There is no report
that B. amyloliquefaciens produces antifungal materials
as yet. Although it has been reported that polyoxin D,
a new class of peptide nucleoside, induced mycelial
swelling of fungi by inhibiting chitin synthase activity
(9), the clear mechanism of antifungal activity is not
known in this experiment. Further research is remained
to elucidate chemical properties of antifungal materials
produced by B. amyloliquefaciens.

In the biological control of plant diseases, the ability
of colonization by antagonists on the host surface is the
key factor for the success. In this point, bacterial an-
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Fig. 7. Population changes of F. solani (A) and bacterial an-
tagonists (B) on ginseng roots. Ginseng roots were treated
with antagonistic bacteria (107 cfu/ml) or procymidone (1 mg/
ml) and subsequently inoculated with conidial suspension (10°
conidia/ml) of F. solani.

tagonists used in this experiment were effective colon-
izers on the surface of ginseng roots. The population
densities of antagonists increased initially and maintain-
ed without a large fluctuation up to 8 days. Furthermore
the population densities of bacterial antagonists were
not affected even when the fungal pathogens were ino-
culated. In addition, colonization of bacterial antago-
nists on ginseng roots significantly reduced the popula-
tion increase of the fungal pathogens. Indeed, ginseng
roots colonized antagonistic bacteria have shown to have
significantly fewer conidia and mycelium of fungal patho-
gens compared to untreated roots. These results also sug-
gested that bacterial antagonists may produce antibio-
tics to retard conidia germination, which is absolutely
required for disease initiation. Another explanation of
these phenomena is that antagonistic bacteria were en-
able to exclude fungal pathogens by acquiring a greater
portion of mutually required growth limiting resources.
Nutrient and/or sites competitions between biological
control agents and fungal pathogens have been det-
ermined to play important roles in biological control of
plant diseases. In this case, effective attachment of bac-
terial cells to plant surface appears to be essential for
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Fig. 8. Population changes of B. cinerea (A) and bacterial
antagonists (B) on ginseng roots. Ginseng roots were treated
with antagonistic bacteria (10" cfu/ml) or procymidone (1 mg/
ml) and subsequently inoculated with conidial suspension (10°
conidia/ml) of B. cinerea.

biological control activity. Electron microscopic ob-
servation revealed that antagonistic bacteria adhered on
the surfaces of ginseng roots as well as conidia of B.
cinerea in these experiments. Taking together, an-
tagonistic bacteria used in these experiments may use
more than one mechanism to control ginseng root rots,
although antibiotics seem to play a major role.

All experiments described here have been conducted
at room temperature and the control efficacies of root
rots by antagonistic bacteria were comparable to those
obtained by the treatment of a fungicide, procymidone.
Therefore the potential use of these antagonistic bac-
teria for biological control of ginseng root rots could
be maximized at room temperature condition. Although
positive results were obtained with antagonistic bac-
teria for the control of root rots in ginseng at posthar-
vest stage, further research is required to increase and
optimize the control efficacy in commercial packing-
house. Recently it has been demonstrated that anta-
gonistic microorganisms are also capable of inducing
resistance response in the host tissues (20). Furthermore,
chitosan, a biodegradable food fiber, offers great po-
tential as an antifungal preservative for fresh fruit and
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Fig. 9. Scanrung electron mlcrographs of the antagomstlc bacterium B-19-17 cells attached to hyphae (A:C shows the mag-
nified region of A), conidia (B) of B. cinerea, and to ginseng root (D).

vegetables (8). These reports suggest that postharvest
treatments of antagonists combining with other control
practices for postharvest diseases perhaps hold the gre-
atest promise for online practice.
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