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- Physiologic Races of Helminthosporium
turcicum in Taiwan'
C. C..Yeh and :A. H. Tsai? .

Abgtract: Experiments were conducted, to identify, the races of Helminthosporium
turcicum, the northern corn ]eaflblight b‘fuhgus,_and their distribution in Taiwan,

and to explore their reaction m the currently grown maize cultivars. Leaf samples
of northern leaf blight weré‘ collected from various growing areas and varie-
t'es/lines in 1987. Inoculum of a single lesion origin was considered an isolate.

Several isolates were obtained from each collection site and/or variety/line.

According to the reactions of each isolate on the differential varieties, three races
of H. turcicum, namely race 1, 2, and 3, the same as in the U. S., were reported
for the first time in Taiwan. Race 1 existed in Hualien and Taitung Counties
(eastern Taiwan), race 2 in County (southern Taiwan), and race 3 in Taichung
Chiayi (central Taiwan), Varieties/lines within a collection site did not influe-
nce the distribution pattern of race within that particular area. The grown
cultivars Tainan 5, Tainan Selection 10, Tainan 11 and Tainan 16 were all
susceptible to the three races. Sweet corn cultivar Honey 236 was susceptible to
races 2 and 3 but resistant to some isolates of race 1. Tainung 351, the most
resistant cultivar now, is resistant to racs 1 and 3 and only susceptible to a few

isolates of race 2 from Chiayi County.

Northern leaf blight is one of the most destructive disease of maize (Zea mays L.)
in most areas of the world where maize is grown “!%!" . The disease is caused by
Helminthosporium turcicum Pass. (Syn. Exserohilum turcica (Pass.) Shoemaker, Drechs-
lera turcica (Pass.) Subram. & Jain., perfect state: Trichometasphaeria turcica Luttrell
= Setosphaeria turcica (Luttrell) Leonard & Suggs ©!'51%%!", Young seedling, when
repeatedly infected, can be killed . When the pathogen attacks older plants under favo-
rable conditions it can reduce yields by two-thirds or more %%". In Taiwan, heavy
infections had been recorded in the 1960s when the susceptible cultivars Tainan 5 and
Tainan 11 were extensively grown ®. Fungicides maneb and zineb were recommended
to the farmers for the control of this disease since then .

Three physiologic races of H. turcicum have been reported in the U. S. %159  Race
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1, avirulent to maize plants having gene Ht, is the most common race in the U. S.
corn belt ¥ . In 1972 an isolate of H. turcicum virulent to plants having Ht was repor-
ted in Hawaii ®. Race 3 of H. turcicum was collected in South Carolina in 1976 @b ;
ths race is virulent to plants having genes Ht2 and Ht3 but avirulent to plants having
Ht. Up to now in Taiwan, no information of races of H. turcicum is available.

The objectives of this study were: (i) to identify, if any, the races of H. turcicum

and their distribution pattern, and (ii) to evaluate their reaction in the currently grown
maize cultivars in Taiwan.

Materials and Methods
Sample collection :

Northern leaf blight-infected maize leaves with typical symptoms of elliptic grayish-
green lesions were collected in the spring crop season (May) of 1987 from different
varieties/lines at Peipu of Hualien County, Kuanshan and Zueiho of Taitung County,
Shueishang, Taipau, and Putzu of Chiayi County, and the Taiwan Agricultural Research
Institute of Taichung County as shown in Table 2. The samples were dried in the
laboratory at room temperatures until the water in the leaf tissue also was fairly
removed when the leaves turned to gray color. They were, then, placed in paper bags
sealed in plastic bags and stored at 4°C for use.

Purification and increase of inoculum :

Several single lesios from each collection site and variety/line were cut seperately
and then put the single lesion on the top of a filter paper saturated with sterile distilled
water in petri dish. The petri dishes were kept in an incubator (Hotpack-Model 332620)
programmed for 8-hrs of light/day at 16°C. Abundant sporulation on the lesion surfaces
was observed after two days ?® . If necessary, 1 to 3 times of repeat inoculations, following
the methods described later in this report, could be conducted by inoculating the freshly-
produced spores to the leaves of the susceptible cultivar Tainan 5 until the inoculum for
each isolate was sufficient for race identification studies on the differential varieties
and inoculation tests on the currently-grown cultivars.

Test plants :

Seeds of the differential varieties for race identification as shown in Table 1 were
provided by Dr. H. S. Lu of the Agronomy Department, TARI from the University of
Illinois. Seeds of the currently-grown cultivars as shown in Table 3 were purchased
from Taiwan Seed Service or from local markets except Tainung 351 which was obta-
ined from our breeders. Plants were grown in the greenhouse in black disposable plastic
pots (diam. 6-in), 3 plants/pot, containing clay loams. In order to get plants with
normal growth, one to two applications, depending upon the appearance of the plants,
of chemical fertilizer (Taiwan Fertilizer Co. No. 39) were necessary. Five to 6-week-old
plants (approximately 6—7 leaves/plant) were used for inoculations throughout the exp-
eriments.

Inoculations :
Inocula were prepared from the freshly produced spores, as described previously,
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by agitating the sporulating lesions/leaves in a small amount of distilled water conta-
ining 100ug/ml of Tween 80. The concentrated spore suspension then were diluted to

ca. 10,000~20,000 spores/ml for inoculations. Greenhouse-grown plants of the differe-

ntial varieties for race studies were seperately sprayed with the spore suspension of

each isolate using hand-drived plastic atomizers in floriculture until the leaf surfaces
were completely wet ?® . Because there was only one race identified in each collection site,
the isolates or lesions of the same place from different varieties/lines were mixed in the
preparation of inoculum for testing the reaction of the grown cultivars to the three identified
races of H. turcicum. Inoculated plants were covered with transparent plastic bags to
keep high moist for infection and incubated in a local-made walk-in growth chamber
programmed for 24/20°C (day/night) with 12-hrs of light illumination (11,000 lux at
the top of the plants) per day . Plastic covers were removed after 24 hours. Inocula-
ted plants were either remained in the same growth chamber for observation or returned
to the greenhouse if the temperatures were not higher than 28°C and lower than 18°C.
Host reaction :

Lesion types were recorded two weeks after inoculation. The susceptible (S) reac-
tions were large, elliptic grayish-green lesions ranging from 3 to 5 cm or larger
whereas the resistant (R) reactions were chlorotic type of lesions, and sometimes

necrosis might be observed in the center of the lesions. However, they were much
smaller than the susceptible ones “%® (Fig. 1).

Fig 1. Susceptible (left) and resistant (right) reactions (arrows

indicated) of northern leaf blight in maize leaves.

Race identification :

The reactions of the three U. S. reported races of H. turcicum in the differential
varieties were summarized in Table 1®8!%1%1619  Race 1 produced susceptible (S)
lesions on W153R, B37, and A619 and resistant (R) lesions on the’rest of the differential
varieties. Race 2 produced S lesions on WI153R, B37, A619 and W 153 RHt1 A, and R
lesions on the others. Race 3, on the contrary to race 2, was resistant on W153R, B37,
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A619, W153RHt1A and susceptible on the others. By comparing the reactions of the
isolates in this study with the reactions in Table 1, the presence of the races of H.
turcicum in Taiwan was identified.

Table 1. Reaction of the three races of H. turcicum reported in the U. S. in the
maize differential varieties (1518

Reaction of H. turcicum*
Differential variety
Race 1 | Race 2 Race 3
WI153R, B37, A619 S S R
WI153RHt1A R S R
W153RHt2, B37Ht2, A619Ht R R S
W153RHt3, B37Ht3, A619Ht3 R R S

* R : resistant reaction or small chlorotic type of lesions.
S : susceptible reaction or large elliptic grayish-green type of lesions.

Résults

Races of H. turcicum and their distribution in Taiwan :

This is the first report on the races of H. turcicum in Taiwan. Based on the lesion
types on the differential varieties, three physiologic races of H. turcicum were identified.
All isolates collected: from varieties/lines in the eastern parts of Taiwan including Peipu
of Hualien County, and Kuanshan and Zueiho of Taitung County were all belonged
to race 1. Isolates from cultivars Tainan 5 and::Tainan 16 at Shueishang, Taipau and
Putzu of Chiayi County were all belonged to race 2 and those collected from cultivar
Tainan 5 at the TARI of Taichung County were :all "belonged to .race 3:(Table 2;-
Table 2:'Reaction -of the’ differential- varieties-to ‘the inféction by the isolates ‘of H. turcicum collected

from different maize cultivars/lines.in different maize growing areas of Taiwan, 1987 ..

Collection site Variety/line fsolates V\iesa;}:OHW(I)::;I‘ilf‘f;iesr;’g;llﬂvzr\;?g;;;t?" v’ Race
: . collected |B37A619 HtlA A%%Iglttzz Eg?gﬁﬁz designation
Peipu, Hualien PS 1 10 S R R R Race I
Peipu,: Hualien 1 ‘ Tainan 16 » lllj_‘_ ‘ S R R . R Race I .-
Kuanshan, Taitung... . . |F 12 .. \_,6_ S. R . J ... R.. R.__] Racel
Kuanshan, Taitung PS 1 10 S R R R ‘Race 1
Kuanshan, Taitung Tainan 16 i S R R R Race 1
Zueiho, Taitung Mexico 9 S R R R Race 1
Shueishang, Chiayi Tainan 16 15 S S R R Race 2
Taipau, Chiayi Tainan 5 15 S S R R Race 2
Putzu, Chiayi Tainan 5 15 s S R R Race 2
TARI, Taichung Tainan 5 12 R R S S Race 3

*R : resistant reaction or small chlorotic type of lesions.
S : susceptible reaction or large elliptic grayish-green type of lesions,
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Fig 2. Distribution of races 1, 2, and 3 of H. turcicum

Reaction of the currently grown cultivars :

in Taiwan, 1997.

Cultivars Tainan 5, Tainan Selection 10, Tainan 11, and Tainan 16 were susceptible

to all the three races. Sweet corn cultivar Honey 236 was susceptible to race 2 and 3,

but resistant to race 1 collected at Peipu of Hualien County and Zueiho of Taitung

County. However, it is susceptible to the race 1 collected at Kuanshan of Taitung County.

Cultivar Tainung 351 was resistant to all races except some isolates of race 2 collected
at Shueishang in Chiayi (Table 3). :

Table 3. Reaction of the currently grown maize cultvars in Taiwan to the infection
by the three identified races of H. turcicum

Reaction of the cultivar*
Race Source Tainan 5 J Tainan |Tainan ll’Tainan IGIHoney 236’ Tainung
Sel. 10 351
1 Peipu, Hualien S S S S R R
1 ‘Kuanshan, Taitung S S S S S R
1 Zueiho, Taitung S S S S R R
2 Shueishang, Chiayi S S S S S S, R
2 Taipau, Chiayi S S S S S R
2 Putzu, Chiayi S S S S S R
3 TARI, Taichung S S S S S R

*R : resistant reaction or small chlorotic type of lesions.
S : susceptible reaction or large elliptic grayish-green type of lesions,
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Discussion

This study revealed that all the three physiologic races of H. turcicum reported in
the U. S. were all existed in Taiwan (Table 1, 2). Growing varieties did not “influnce.
the distribution pattern of race within a certain area and there was only one race was
identified within each area such as eastern, southern or central Taiwan (Table 2, Fig.
2). This may due to the small sample size. More observations or samplings from different
varieties/lines in various years and seasons are needed. Cultivar Honey 236 was resistant
to some isolates but susceptible to the other isolates of race 1. Tainung 351 also was
observed with two types of lesions when it was inoculated with race 2 collected from cv.
Tainan 16 at Shueishang of Chiayi County. Therefore, if Honey 236 and Tainung 351
were used as differentials more races of H. turcicum might be identified.

Cultivars Tainan 5, Tainan Selection 10 and Tainan 11 were all susceptible to the
three races. Therefore. the prevalence of northern leaf blight in the 1960s were due to
the lack of resistance in the growing cultivars during that time. When the resistant
cultuvar Tainung 351 was released and extensively grown in the past few years the
importance of northern leaf blight decreased since then. At the time of sampling for
this study in Taitung area, northern leaf blight was very severe in a nickname variety
Mexico. Therefore, if the acreage of this variety increased with time the importance of
northern leaf blight might be increased. The cultivation of resistant variety Tainung
351 in the past few years also proved that breeding and growing resistant varieties is
the most effective and economic strategy among the various disease control measures.
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FERPERGH (northern leaf blight) REXBEMIETRE » TRELURE (Helminthospo-
rium turcicum) TERBIREH=ME4H/\ME (physiologic race) » (AAKRIKREWE » HihAisk
B2 BMZERN R B2 ERERURE O E B NER Ko M BIURE R IGE » BRRARHEE2ZE
REIE MRS I MEZ B o RI98T4HEHKIE » #TEE AL - ERZBMILE A~ EH 2K L
> KIREANT R B AN SR B AR R L - BRI E RRME, R b2 & B —RE s
B —HEEk o RHEFRRERARFE 4°C ERAHE c EEBREEHZE 16°C HERE-K
% FHERENGEERRZSERT » UEBAEEEREZH - BEE /BT -8k THRAR
ARZEENFERRNEEEER L EREEECRIEMERR Y B BEAE LR BEEES L -
HAEY BER -HER A2 AR RERE M2 RIEE s HEBRENARE L EREASTL
R (IE~EE) B> DIEFFRIZ A2 N ERENBHATE B RSN 4 B2 B FREr (e
100#g/ml Tween 80 Z7EMKEM » BEB—BESFERT, m) » BIELEHELBHS
IE > SRR ZMEEERER 24+1°C /R 20+1°C ZHEH (AFRERIZEE » 11,000lux) LB
DB RBEERE2NGRERE » DRERTEEEEEHAREERENZAEE 28~18°C 2Rk
ARAERZER » BEERTEAER CEREEE > KEYEYEEREERER (S) RIE %
UHFERERIE (R) RIE o £—FFIE8 LA S ME L2 A3 EZ RIE » EoBE
WREERBITBZER > MELENTAARE ERESURE 2 2B VE - EREERERREN=
AR NMERRHERFE » MAEENMEZSHERIRE » AEETOEEE 2B RER 2L
S FIRTIREEIGR Race 1 » EH 2K L KIERATESE Race 2 » MRAFIHREZLE
Race 3 » (BABRHFIREZNE, REBEYE LI MNEER —BER 25 » REZER —HE S
TRSME R LTEGZERSBRA—AE/ME . B2 RSN EOEEEEY  EEE TS =
B R T ONIRE S A B MBS UM o BB E K 2368E ik B LS B B A Race 1
KRR o ¥ Race 2 & 3 RSN  ZEE35155 2 BRI R LEHIMEZ 748 > 74 Race 1 & 3 »
EEKEREREK LZ Race 2 WHEEKEIIRFERIE - AWEFERBERBESORER » TR E
AR AE R Z EEBTIERT L » (RIS 28 DT RS B3 T A 0 22 1 351 % 59 2B 1 S A T L ke s o

LB REHERIT HIRHER 1391 5 o ARERMCBRTRELEERGMY » B EH -
2AFEREAHRARINE - ElE ZHhRR B o
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