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ABSTRACT: To find optimum application methods of Epicoccosorus nematosporus for con-
trol of water chestnut, five different concentration of conidial suspensions (10’ conidia/m/ to 10’
conidia/m)) of the fungus were applied 1 to 4 times on 10~40 days old seedlings of water chest-
nut in greenhouse. Inoculum levels equal to or greater than 10° conidia/m/ killed significantly
more shoots (82.6%~92.1%) and suppressed significantly underground tuber formation com-
pared to inoculum concentration less than 10° conidia/m/. When the conidial suspension of 6.
3x10° conidia/m/ of E. nematosporus was sprayed 2 times in 7 days interval, percentage of the
killed plants was up to 98.7%. Numbers of reshoots and tubers were also suppressed sig-
nificantly compared to one time application. The percents of killed shoots were similar
between 10-day-old and 20-day-old seedlings, and significantly higher than those treated on 30-
or 40-day-old seedlings. The fungus treated on 20-day-old seedlings was the most effective be-
cause there was high number of reshoots from 10-day-old seedlings. Therefore, optimal ap-
plication conditions for E. nematosporus is 2~3 times of application in 7 days interval with 10°
conidia/m/ on 20-day-old seedling age.
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Water chestnut (Eleocharis kuroguwai) is widely dis-
tributed and has been a severe weed problem in rice
production areas (1, 5-8). At present, there is no ef-
fective way to control this perennial sedge except hand
weeding (4). Recent study shows that Epicoccosorus
nematosporus casual fungus of fingerprint stem blight
disease, is a potential biological control agent on the
water chestnut (3). In nature, infected shoots of the wat-
er chestnut from the previous year serve as the primary
inoculum sources (Hong, unpublished). From these pri-
mary inoculum sources, the fungus spreads and builds
up rather slowly till the host plant matures from Au-
gust to September. Therefore natural disease pro-
gression can't effectively kill water chestnut especially
in their early stages where the the most demage was
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done to rice (6). To enhance weeding efficiency of
mycoherbicide agent, factors including inoculum con-
centration, application frequency and timing should be
considered before applying the fungus to the field (2,
10, 14). Objective of these studies were to find the op-
timal inoculum concentration of E. nematosporus and
application frequency and application timing for ef-
fective control of water chestnut.

MATERIALS AND METHODS

General greenhouse procedures. An isolate
(YCSJ-112) of E. nematosporus was isolated from the
naturally infected water chestnut in rice field of Sangju,
Korea in 1992. The inoculum was produced on oat-
meal agar. Seedlings of the water chestnut were ob-
tained from tubers as previously described (3). Briefly,
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tubers were rinced with tap water and placed on moist
filter paper disks in petri dish and then kept for 5 to 7
days at 28°C. Five germinated tubers were planted 3
to 5 cm deep in each 1/5000 plastic pot containing rice
field soil. Except seedling age experiment, seedlings
were inoculated with a fungus when they were 10 to 25
cm tall (20 to 30-day-old). After inoculation, the see-
dlings were covered with polyethylene film and transf-
erred to controlled environment with dew facility (90~
95 RH, and 20~32°C) for 24 h. After 24 h, they were
then returned to the greenhouse bench. Greenhouse
conditions were day light (15 h photoperiod), a tem-
perature range from 20 to 32°C, and a relative humi-
dity range from 60 to 80%.

Inoculum concentration. The seedlings were
sprayed until runoff with the each of solution con-
taining 10°, 10°, 10°, 10° and 10’ conidia/m/ suspended
in 0.5% dextrose in water. Treated plants were placed
in a dark dew facility for 24 h and then were returned
to the greenhouse. The number of plants infected and
killed were examined 20~30 days after inoculation.
The plant reshooted and underground tuber formation
in a whole pot was examined 3 months after ino-
culation.

Application frequency. The seedlings of sprayed 1
to 4 time in 7 days interval until runoff with conidial
suspension containing 6.3 10° conidia/m! in 0.5% dex-
trose in water. Treated plants were placed in a dark
dew facility for 24 h and were then returned to the
greenhouse The number of plants infected and killed
were examined 20~30 days after inoculation. The new
sprout and underground tuber formation was examined
3 months after inoculation.

Age of seedling. Ten uniformly germinated tubers
were planted in a 1/5000 wagnor pot. The stems
grown from tubers were thinned at 10th, 20th, 30th
and 40th days and leaved 100 stems per pot. The
stems after sprout were then marked at the upper part
with white correction pen to distinguish from those of
original shoot from reshooted plants. The seedlings
were sprayed with the conidial suspension of 2.3x 10°
conidia/m/ in 0.5% dextrose in water. Conditions for
dew treatment and disease development were the same
as described above.

Evaluation standard and data statistics. Disease
incidence was examined 20~30 days inoculation and
was determined by the number of infected and killed
shoots per pot. The plants showing lesions but still
standing were considered as infected while plants show-

ing advanced lesions and fell down were considered as
‘killed. Reshooted plants were counted at every 10
days intervals till 3 months after inoculation All ex-
periments were replicated 4 to 5 pots. All data were
analyzed statistically and means were sep erated by
Duncan's new multiple range test for significance at p=
0.05.

RESULTS

Inoculum concentration. Untreated control show-
ed no symptom but those treated ones showed symp-
toms in 5~6 days after the inoculations. The initial pin-
point symptoms expanded and the stems became
necrotic at the upper part of plants within 20 days. The
percentage of killed plants were increased when the
inoculum concentrations increased from 10° to 10’
conidia/m/ (Table 1). Inoculum levels equal to or great-
er than 10° conidia/m/ killed more than 80% of the
stems and produced small quantity of tubers compared
to those treated with the conidial concentration of 10%
m!/ where only 54% of plants killed. Number of tubers
in the pot also decreased as the inoculum concentration
increased. Untreated control had as many as 61.7 tub-
ers per pot while those treated ones had only 2 to 24
tubers per pot Inoculum levels equal to or greater than
10° conidia/m/ had significantly fewer tubers than
those pots treated with 10° or 10* conidia/m!.

Table 1. Varied weeding effects by different conidial
concentration of E. snematosporus

Conidial concentration Plants killed Tuber formation

(conidia/m/)* (%) (No./pot)®
10° 153 b° 24 ¢
10* 537 ¢ 17 b
10° 82.6 d 3a
10° 90.2 ¢ : 3a
10’ 921 e 2a
control® 0.0 a 62 d

#20-day-old water chestnut seedlings (100 shoots/pot)
were inoculated with conidial suspension in 0.5% dex-
trose in distilled water.

" Plants killed were recorded 30 days after inoculation.

“ The nember of tubers was examined 3 months after ino-
culation.

4 Control was sprayed with 0.5% dextrose in distilled
water without conidia.

¢ Means followed by the same letter are not srgnificantly
different at P=0.05 according to the Duncan's new mul-
tiple range test.
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Table 2. Weeding effects by the different application fre-
quencies of the conidial suspension of E. nematosporus

Application ~ Plants  Plant reshooted Tuber formation
frequency killed (%)  (No./pot)® (No./pot)’
1 845 b 27.7 ¢ 18 b
2 938 ¢ 109 b 3a
3 98.7 d 6.1 a 2a
4 98.1 d 75 a 1a
control® 00 a 1270 d 119 ¢

"Water chestnut seedlings of 20-day-old were ino-
culated with conidial suspension containing 6.3x 10°
conidia/m/ in 0.5% dextrose in water, and were ap-
plied 7 days interval since then.

®Killed plants was recorded 30 days after inoculation.

“d New sprouts and the number of tubers were examined
3 months after inoculation.

€ Control were sprayed with 0.5% dextrose in distilled
water without conidia.

Application frequency. More number of shoots
were killed and fewer reshoots and tubers formed as
the number of applications increased. In the untreated
control pot, the number of reshoots were increased sig-
nificantly as many as 127 per pot as well as the numb-
er of underground tubers which resulted in the number
of tubers as 119.4 per pot. About 84.5% of plant were
killed after the first inoculation (Table 2). Which also
had 27.7% of reshooted plants and had 18.3 tuber per
pot. At the time of the initial pinpoint symptoms were
showed up, the second treatment was applied. Second
treatment killed 93.8% of shoots and restricted the
reshooted plant within 10.9% and underground tubers
formed only 3 per pot.

Seedling age. While plants in all age of the seedl-
ing were infected by E. nematosporus, the older the
seedlings were aged the slower the initial symptoms
were appeared and the fewer the plant killed (Table 3).
When the seedling were aged 20 days the fungus kill-
ed 90.6% of shoots, suppressed the new sprout, and
reduced the tuber formation by infection of E. nema-
tosporus. While with 30 or 40- day- old seedlings the
fungus killed 70.4% and 65.1%, respectively.

DISCUSSION

All these factors, inoculum concentration, number of
application, and seedling age, affected the success of
the biological control of water chestnut by fingerprint
stem blight disease. High rates of the agent (>1.1x 10°

Table 3. Effect of water chestnut seedling age on the
weeding efficiency when sprayed with the conidial
suspension of E. nematosporus

Seedling Plants  Plant reshooted Tuber formation
age (day)" killed (%)"  (No./pot)° (No./pot)’
10 927 b 824 ¢ 33 b
20 90.6 b 184 a 8 a
30 704 a 26.1 a 16 a
40 65.1 a 516 b 43 b

“Water chestnut seedlings of 10, 20, 30, 40-day-old
were inoculated with conidial suspension containing 2.
3x 10° conidia/m! in 0.5% dextrose in water.

® Killed plants were recorded 30 days after inoculation.

“d Plant reshooted and the number of tubers were cx-
amined 3 months after inoculation.

conidia/m/) were more effective than low rate (10° &
10" conidia/m/) because a greater number of the coni-
dia caused the lesions which could girdle the shoot ra-
pidly. In this study, significant differences of killed
plants were observed between 10* and 10° of conidial
suspension suggests that at least 10° conidial con-
centration was needed for the effective control of water
chestnut. Walker (16) showed that spraying mixtures
of containing 2.5% 10’ to 10" conidia/m/ of Alternaria
macrospora gave the best control of Spurred anode
Although high application rates
would achive maximal weed control, excessive rates

(Anoda cristata).

may be unacceptable in practice because of high costs
and dissemination (9). Presently, the production costs
including media, electric and labor of 10° coniadia/m/
of E. nematosporus will be ¥W35,000 per 10a in lab
(Hong, unpublish). The cost surely be lowered by
production. more  ap-
plications of conidial suspensions of E. nematosporus

commercial mass Two or
may be required for complete control of water chestnut.
To effective control, we have to consider established
shoots, reshoots, as well as the underground tuber for-
mation. One of the difficulties encountered in at-
tempting to kill regenerating is the weeds ability of we-
eds such as water chestnut and bindweed (12, 13).
Therefore the shoots must be severely infected and die
before regeneration occur. Ormeno-Nutez et al. (11) ob-
served regeneration in bindweed seedlings inoculated
with P. convolvulus. Regeneration is particularly im-
portant became underground parts such as tubers
collpse lastly. Theoretically high mortality will be
achieved when all the underground tubers were shoot-
ed at the time of fungal application. The most effective
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ime to apply conidia was 20 to 30 days after sprout
because most of the shoots from the tubers were em-
erged and which were readily killed by the application
of conidial suspension. The greatest emerging time of
water chestnut is about the end of June to the middle
of July which is the time of 20- to 30-day-old after
transplanting the rice in field. In field application with
these greenhouse results, the conidial suspension of
E. nematosporus should be treated concentratedly
with 2 or 3 times in this season. It should be con-
sidered the environmental factors like temperature,
dew and maintainence of conidial viability in field
condition in further experiment schedule. Although
our goals to establish quantitative relationship amohg
inoculum levels, application frequency and seedling
age of water chestnut were not fully achieved. But,
this study revealed some of the important factors
which to be used as a guideline for future field ap-
plication.
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