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Sporulation patterns of rice blast fungus were studied aft
relatively later stages of leaf blast and neck blast seasons
in Ieheon, Korea. This experiment was done by detach-
ing lesion-bearing leaves and panicle bases. The num-
ber of conidia remaining on the leaf blast lesions of
different cultivars from Jul 20 to Jul 23 ranged from
3,640 to 82,740 spores. More conidia were observed on
the adaxial surface because they were released from
abaxial surface, After heading, sporulation was observ-
ed from the lesions on the flag leaves but the number of
spores was less than in the late July. Detached panicle
bases or uppermost internodes infected by Pyricularia
grisea produced abundant amount of conidia. Among
these panicle bases, 30.1 mm size lesion recorded the
highest count of 244,560 spores. When we compared the
sporulation amount using the KY-type spore trap, more
conidia were recorded from intact lesions than from the
lesions which removed conidia and conidiophore. The
ratio of conidia release against total sporulation ranged
from 20.5%-25.0% for leaf blast and 8.2%-25.3% in the
neck blast. Effective inoctlum poteatial was also dis-
cussed.
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Sporulation and conidial release phases of the rice blast
fungus from leaf blast lesions were previously studied in
field conditions under different weather conditions(Kim et
al., 198%a; 1989b; 1990a). Conidial release pattern reached
a peak at around 7:00 am under clear day conditions, Under
cloudy conditions, the peaks were observed two to three
times between 1:00 am to 8:00 am. Most of the works on
sporulation and conidial release have been conducted dur-
ing the leaf blast stage(Twano, 1984; Kate, 1974; Kato and
Sasaki, 1974). 1t was probably due to the importance of pri-
mary inoculum potential of leaf blast lesions to neck blast
development, In the present study, sporulation and conidiat
release patterns from leaf blast lesions at booting stage and
from panicle bases were examined to estimate the sporula-
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tion capacity.

Materials and Methods

Selection of lesions. This experiment was conducted during late
July {panicle mitiation to booting stages) and late August {milk to
dough stages), 1999 in Icheon experimental site, Korea, 10 mea-
sure number of conidia remaining on the lesions and sporulation
capacity. Test cultivars were Jinheung, lpumbyee, Jinmibyeo and
Chucheongbyeo. One 1o three lesions cultivar' at different dates
were sampled. Discrete lesion-beating leaves and panicle bases
were cut during daytime fo 1oeasure the remaining conidia on the
lesion. For sporulation measurement, the KY-type spore trap
(Kim and Yoshino, 1987; 1988) was installed at 5:00 am and col-
lected at 9:00 am on the following day.

Measurement of sporutation. Detached leaves were brought to
the laboratory. To measure the number of conidia, lesions were
thoroughly scraped to harvest them using 1 m! hypodermic
syringe needle by adding 0.1 mt of 0.02% Tween 20 solution.
Collected spore suspension was placed in an acrylic capsule and
the conidia were immediately counted using a hemacytometer.
For sporulation measurement from leaf biast lesions, a discrete
lesion-bearing leaf was fixed on the KY-type spore trap using
double-sided adhesive tape at 5:00 am. The acrylic capsule was
collected at 9:00 am on the following day. The conidia were
counted separately from the capsule and both sides of the lesion.
For neck biast, a lesion bearing panicle base was fixed in the same
way as for leaf blast. Conidia released from a lesion were counted
from the capsule. The remaining conidia on the round surface of
panicle bases were counted following the same procedure as
described earlier

Results

Number of £ grisen conidia remaining on the leaf blast
lesion. From July 20 to 23, 1999, the number of conidia
collected from detached lesions of three different cultivars
was compared (Table 1). The lesion size ranged from 6.5 to
29.1 mm but most of them were around 20 mm of the
chronic types. Considering lesion type and size, they were
thought to be about 20 days after formed. In most cases,
there were more conidia on the adaxial than on the abaxial
leaf surfaces because lots of conidia were released from
abaxial surface. The highest count of spores on the 20.5
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Table 1. Number of Pyricularia grisea spores remaining on the leaf blast lesions of different cultivars in Icheon, Korea, 1999

Cultivar Collection  Collection time Les_ion size Numiber of spores on Rainfall
date (h) (imm) Adaxial Abaxial Total (mm)y*
Jinheung July 20 09:00 291 6,280 5,080 11,360
10:40 13.7 440 3,200 3,640
July 21 09:50 18.3 21,360 12,080 33440 o1
09:50 19.7 12,580 16,940 23,520 '
09:50 13.0 18,740 6,240 24,980
July 23 11:00 6.5 3,660 3,380 7.040
[lpumbyeo July 20 14:00 26.4 10,700 8,380 19,080
July 22 15:40 23.1 27,620 13,040 40,660 10.6
15:40 20.5 11,060 71,680 82,740
Juty 23 08:30 272 300 24,100 24,900 5.9
Jinmibyeo July 20 15:20 163 4,960 4,020 8,920
July 22 07:.00 209 5,600 27,260 32,360 14
July 23 08:30 220 11,420 6,400 17,820 59

* Amournt of rainfall during 3 to 4 hr prior to sample collection.

mm size lesion of cultivar Ilpumbyeo was 82,740. More or
less 20 mm lesions recorded 1.8-8.3 x 10" spores. It was
considered that sampling time of lesions, in the moming or
mn the aftemoon, did not affect the number of conidia
remaining on the lesions.

The number of conidia remaining on the lesions of flag
leaves was also counted on August 23-24 (Table 2). In gen-
eral, lesions were shorter and spore counts were less than in
Huly. The highest count of the 11.0 mm leston was 11,900
spores.

Number of £ grisea conidia remaining on the panicle
bases or uppermest internodes. During August 24 to 31,
the lesion length and number of conidia remaining on the
diseased panicle bases varied (Table 3). The highest count
was 244,560 conidia on the diseased panicle base of 30.1
mm long. There was a trend that sporuiation capacity m
general seemed to be proportional with lesion length.

Sporulation of P grisea ou the lesions of leaf blast and
neck blast. It was clear that sporalation amount was higher
on the intact lesions than the ones from which conidia and
conidiophore removed previously regardless of leaf and
neck blast (Table 4). In case of leaf blast lesion, sporulation

Table 2. Number of Pyricularia grisen spores remaining on the
lesions of flag leaves after heading in Icheon, Korea, 1999

was 32,860 conidia on the intact lesion, but the lesion from
which conidia were previously removed produced 8.8%
conidia compared with the intact one. Conidia formed on
the abaxial surface was 83%-90% of the total sporulation
due to the released amount was included. On the neck blast
lesions, sporulation amounts were 7,360-54,180 conidia on
the intact lesions, while diseased panicle bases from which
conidta were previously removed produced 680-2,960
conidia showing 5.5%-9.2% of the intact ones. The number
of conidia released was 8.2%-25.3% of the total sporula-
tion.

Discussion

In this study, the sporulation and release pattern of P, grisen
was measured relattvely late during the growth stages start-
ing July 20. Thus, leaf blast lesions examined were mostly
chronic types, because this time the rice plants have become
resistant and new infection has almost been stopped. There
were roore conidia observed remaining on the leaf blast
lesions at the end of July (panicle initiation to booting
stage) than on the lesions of flag leaves at the end of Angust

Table 3, Number of Pyricularia grisea spores remaining on the
pamicle base / uppermost internode 1n Icheon, Korea, 1999

Lesion  Number of spores on

Collec- Collection size
tiondate tmeth) o+ Adaxial Abaxial Total

Cultivar

Chu- Aug. 23 09:40 74 6460 3960 10,420
cheong- 09:40 97 6,060 2680 8740
byeo Aug. 24 1100 Lo 3,760 8.140 11,900
Jinmibyeo Ang. 23 12:00 16.5 620 1020 1,700

16:30 129 340 100 440
0640 140 480 520 1,000
11:0G 10.5 460 280 740

Aug. 24

Cultivar Coflection Collection  Lesion No.of
date time (h)  size (mm)  conidia

Jinmibyeo  Aug. 24 06:40 15.0 54,840
06:49 18.0 33,680

Aug. 30 10:00 8.5 9,040

10:00 6.7 4,720

Aug 31* 15:00 28.2 1,740

Jinheung Aug. 30 15:00 10.0 2,140
15:00 30.1 244 560

*There was 3.0 mm rainfall from 03:00 am to 0800 am.
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Table 4. Sporulation of Pyricularia grisea on the lesions of leaf blast and neck blast in Icheon, Korea, 1999

Cultivar Collection date  Lesion size {nmim) Rel® Adax® Abax Total®
Leaf blast
Jinmibyeo
Intact July 22 20.9 6,720 5,600 20,540 32,860
Conidia removed 215 720 300 1,860 2,880
Neck blast
Jinheung
Intact Aug, 31° 315 1,860 5,500 7,360
Conidia removed 334 R0 600 680
Intact Sept. | 10.3 4,460 49,720 54,180
Contidia removed 129 320 2,640 2,960

*Total number of conidia collected by KY-type spore trap.

" Total number of conidia remained on the upper surface of lesion. Remained conidia were thoroughly removed with 0.02% Tween 20 solution

and counted using a hemacytometer.

‘Total number of conidia remained on the back surface of lesion. The numbers for neck blast indicate the total number of remained spores.
¢Total sporulation amount derived from released and remained conidia from 05:00 pm to 09:00 am on the following day. Crop growth stage dur-

ing the expertiment for leaf blast was panicle initiation.
*There was 3.0 mun rainfall from 03:00 am to 08:00 am.

(milk to dough stage). Many factors such as host plant con-
ditions, nitrogen level and weather components are affect-
ng lesion formation and sporuiation. But simiply considering
the host side, the difference in sponulation might have been
due to the rice plant’s age. Kato (1974) reported that leaf
blast lesion continued sporulation more than 20 days, and
we observed that it continued until 30 days after lesion
aﬁpearance (Kim and Yoshino, 1987). However, the sporu-
lation capacity was decreased when the lesion was getting
old.

The number of conidia remaining on the surface was dif-
ferent in two ways: first, more conidia remained on the
adaxial surface than on the abaxial surface when the intact
lesions were randomly collected. This might be due to the
uncounted released conidia from the lesion. Second, when
the sporulation amount was measured using the KY-type
spore trap, more conidia were counted from the abaxial sur-
face exhibiting released conidia were captured by the
acrylic capsule. The ratio of conidia formed on the abaxial
surface including released ones ranged from 83%-90% of
the tota) sporulation. The same trend was found in the pre-
vious study (Kim and Yoshino, 1995). The KY -type spore
trap was devised to collect spores under similar naturai con-
dittions (Kim and Yoshino, 1987). The distance from the
abaxial surface of lesion to top of capsule is 5 mm to aliow
free inflow of air, However, the setting of KY-type spore
trap with a leaf blade might give more favorable conditions
than the intact ones. The conidia released from the adaxial
surface were uncountable and sometimes dew drops, which
also include very few amount of conidia, were observed on
the lesion because the leaf was set horizontally and this
could have interfered with sporulation.

We observed the variability of conidia remaining on lesions
from the panicle bases or uppermost internodes sampled

randomly. In general, it seemed that the sporulation was in
proportion with the length of infected parts. Duration after
the appearance of lesion might have also influenced the
sporulation capacity. Release of conidia from the intact
neck blast lesions ranged from 8.2%-25.3% of the total
sporulation while that of conidia and conidiophores removed
lesions ranged from 10.8%-11.8%,.

Trials to pursue the sporulation pattern under field condi-
tion are very few. One of the main objectives in studying
sporulation and release patterns is to estimate the effective
inoculum potentiat (EIP). It is practically very ditficult fo
calculate EIP because so many factors are associated. For
example, weather condition; plant age and growth status;
size, type and age of lesion are all important components to
be considered. Thus, each step of the pathogen’s life cycle
is influenced by the different factors. Temperature did not
influence conidial release between 11°C-26°C. But, if the
temperature became 30°C or 35°C, the number of conidia
produced and released was suddenly decreased (Suzuki,
1969). Relative bumidity (RH) over 90% accelerated coni-
cia release (Hashioka, 1950; Kuribayashi and Ichikawa,
1953). Based on the results, we can recognize that low lem-
perature and high RH in the field provide favorable condi-
tions for release at mighttime except during heavy rainfall or
strong wind, A leston could start producing conidiophores 4
h after dew formation. After a conidiophore started sporula-

. tion, the first conidium matured in 40 min. A second conid-

ium began to form 20 min after the first matured. Seven to
nine conidia were produced from a single comidiophore in
one night. Five howrs after sporulation, conidia release
began. Lesions reached their release peak 13 hr afier dew
formation (Toyota and Suzuki, 1952). This fact suggests
that sporulation on the lesions and release from the lesions
in the field occur quite differently. We experienced that
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mature conidia were not released all. Conidia release was
mostly stopped after 1000 h but we observed little amount
of release during rainfall or one hour later (Kim et al,,
1990a; 1990Db).

Based on the current results obtained, we can conclude
that percent release of conidia from leaf blast lesion ranges
from 4.0%-20.5%, percent landing on the rice plant's leaf is
0.5%-1.0% (Yoshino, personal communication) and per-
cent penefration 1s 1%-20%. Spore landing on the leaf sur-
face has been calenlated by Yoshino at 0.5%-1% of the total
sporulation, and Kato (1987) caiculated it at 0.37%. It is
quite destrable to make the spore landing phase clear in the
nature. Let's suppose that sporulation amount is 10,000,
then EIP will be as follows:

10,000 % {0.04-0.205) x (0.005-0.01) % (0.01-0.2) = 0.02
-4.10. This means that 0.0002%-0.041% of the total sporu-
lation can take a role as EIP. However, EIP with the same
sporulation amount might be different under fine, cloudy or
rainy day conditions.

It has been reported that the tissues of panicle bases and
branches are very weak immediately after heading. Then,
they become temporarily resistant one week after heading
and thercafter the tissues become weak until maturity
(Tokunaga et al., 1965). In the present study, sporulation of
panicle axis was observed until 20 days after heading and 1t
was common that sporulation usually continued until har-
vest. If the temperature is high and relative humidity is tow,
released spores could not be functional as inoculum. Under
frequent rainfall and/or abnormal weather conditions, they
will cause secondary infection to parts of panicle axis. The
mechanism of late infection on panicles is not cleat, but it is
reported that the secondary infection is due to the down-
ward elongation of infected parts of kemels and branches,
as well as the spores formed on the kernels {Hirano and
Goto, 1963; Kato et al., 1970). In the 1999 crop season, we
experienced lots of secondary infections on the panicle
bases and branches.

Future studies would deal on the effective inoculum poten-
tial and the mechanism of secondary infection until harvest,
At the same time, how long will the mature conidia be
remained on the conidiophore as viable condition and what
will be happened to them should be studied in the future.
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