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ABSTRACT Northern corn leaf blight caused by Exserohilum 
turcicum Pass is considered the most important disease 
infecting corn (Zea mays L.) in the Peoples’ Republic of 
Korea (North Korea). It contributes to the food shortage in 
North Korea. The objectives of the current research were 
to study resistance expression and responses of corn 
crosses made between ten hybrids from North Korea and 
inbreeding lines (S3-4 stage) from the Republic of Korea 
(South Korea). The experiments were conducted in six 
trials with a total of 184 crosses including two commercial 
hybrids in each trial. The trials were conducted at two 
locations in North Korea (Mirim and Eunsan) and one 
location in South Korea (Gunwi) under natural infestation 
of E. turcicum. Host plant responses were rated on a scale 
of 1 (highly tolerant) to 9 (highly susceptible). A total of 
111 crosses (62.4%) showed significant tolerant or susceptible 
response variations among three locations; 42 crosses (22.8%) 
at two locations and 69 crosses (39.0%) at one location, 
respectively. At least 8 crosses of high level of tolerance 
and 12 crosses of high level of susceptibility showed 
significantly different biotic responses (P = 0.05). The 
results of the current study and historical reviews of E. 
turcicum epidemics in both North and South Korea suggest 
that breeding of tolerance with quantitatively inherited genes 
should be carried out for a sustainable corn production in 
North Korea. 
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Food shortages in the Democratic Peoples’ Republic of 
Korea (DPRK), here after called North Korea or NK have 

been the center of world concern in recent years. Floods 
of 100 mm of rain daily for about ten days occurred in 
1995 and 1996, and there were 50 days of drought in the 
spring and 12 m high tide hail in the west coast in 
September, 1997 leading to economic hardship and devastation 
of most of food production areas and farming systems in 
North Korea (Baker 1999; Kim 2000b; 2003; Kim et al., 
2001; Kim et al., 2004).

Corn or maize (Zea mays L.) is the staple food in North 
Korea for 23 million people. It is the most widely cultivated 
crop (700,000 ha) followed by rice (600,000 ha), potato 
(200,000 ha) and soybean (150,000 ha, mostly intercropping 
with corn). Food shortage in North Korea may depend on 
production of corn, which is the staple food for 70% of the 
people. Ecological conditions for corn cultivation in North 
Korea are very favorable at the similar latitude as the US 
Corn Belt. Transplanting of month-old corn seedlings is a 
popular practice that requires extra labor. However, this 
technology is known to save growing time of the crop in 
the field and also to contribute to less growth of weed. 
Rice (Oryza sativa L.) is the staple food crop in the 
Republic of Korea (ROK), here after called South Korea or 
SK, but corn is the No. 1 grain used in the country. South 
Korea is the second largest importer of corn grain internationally 
(10 million metric tons annually) after Japan. The major 
uses are of feed and industrial raw materials (Kim et al., 
2001; Kim et al., 2004). 

The major constraints for corn production in North Korea 
according to the importance are the lack of fertilizers, 
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seeds of high-quality stable high-yielding F1 hybrids with 
easy seed production, northern corn leaf blight, which is 
caused by E. turcicum (formerly known as Helminthosporium 
turcicum), drought, stalk rots, and stem borers. Weak 
growth of the crop under low fertilizer application, spring 
drought, cold spells, and high rainfall in summer have 
contributed to high blight infection in North Korea. 

Moderate temperature and heavy dew contribute to 
disease development. Reduction in grain yield depends on 
severity, time of disease infection, and host susceptibility. 
Susceptible hybrids lost yield of 40 to 68% when the 
disease became established by the time plants were in full 
silk and attained a high level of severity 2 to 4 weeks later 
(Ullstrup 1977).

The average reduction of grain yield by E. turcicum in 
North Korea is estimated to be 30% under severe infection. 
Historical data have shown that the highest damage of corn 
by the blight in the north was around 1975 when a hybrid, 
“SAR4”, introduced from Yugoslavia was cultivated on 
about 50,000 ha. The major cause of the incidence was the 
break-down of the single gene of resistance, Ht1A. Within 
five years of its introduction, the hybrid was devastated by 
a new race of E. turcicum which created genetic vulnerability 
of the corn crop. In the late 1960s, a similar E. turcicum 
epidemic was experienced in South Korea when a double 
cross hybrid, Bokkyo #2 (Park et al., 1975) was promoted 
in a major corn production area, Gangwon Province, on the 
border with North Korea. Resistance was also controlled by 
the same Ht1A. The mutant races of E. turcicum in the 
south and north might have drifted to the north and south, 
respectively, caused the disease epidemics in Korean Peninsula 
during the 1970s.

Breeding for E. turcicum resistance has been emphasized 
in both North and South Korea. The major source of 
resistance in North Korea was mostly from germplasm 
from the tropics, specifically Zimbabwe. While that in 
South Korea was mostly from US Corn Belt. The materials 
of the North Korea confer high level of stay-green characteristic 
with lateness that is also associated with the slow-drying 
down after physiological maturity. Early frost and rain in 
the fall often cause high infection of the ear and stalk rot.

By the request of the authority in Pyongyang, a collaborative 
research of corn breeding for North Korea was initiated in 

1998 (Baker 1999). The program was targeted to increase 
corn production by 30% in the shortest possible time. The 
current research studied the genetic expression of tolerance 
to E. turcicum in both North and South Korea using the 
first experimental crosses made between North and South 
Korea germplasm (NK × SK). Racial variation of this 
disease in Korea Peninsula was investigated. This was the 
first scientific study made jointly by researchers from the 
both Koreas for host plant resistance or tolerance in North 
Korea.

 
MATERIALS & METHODS

Seeds of ten germplasm materials of corn (all F1 
hybrids) from the Academy of Agricultural Sciences in 
Pyongyang, North Korea were shared with the senior 
author in 1998. Detailed pedigrees were not provided. The 
materials with code number of NK 1 to 10 were crossed 
randomly with inbreeding lines matched with the flowering 
time in the winter - spring vinyl house nursery (Feb. - 
June, 1998) in Daegu, South Korea. A total of 184 F1 test 
crosses were produced. Seeds of F1 crosses were grouped 
into six trials with approximately 30 crosses in each trial. 
Two best commercial hybrids (DeKalb 729(DK 729) for 
silage and Pioneer 3394(P3394) for grain marketed in 
South Korea by the USA were included as checks in all 
six trials. 

Materials were planted at two experiment stations (Mirim, 
near Pyongyang and Eunsan, South PyongAn Province, 
100 km north from Pyongyang) of the Academy of 
Agricultural Sciences in North Korea and one station 
(Gunwi, North Kyungsang Province) of Kyungpook National 
University(KNU) in South Korea on 20 July (North Korea) 
and 25 July (South Korea) in 1998, respectively. Very high 
levels of natural infestation of E. turcicum were infected in 
all six trials at three locations. A one-month delay in 
plantings than in the regular season might contribute to the 
high and uniform infection. Due to the limited F1 seeds, 
the trial was repeated only at Gunwi of South Korea in 
1999. 

The experiments were randomized in a complete block 
design with three replications; each plot consisted of one 
2 - m row with 10 plants per row. Row and hill spacings 
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Table 1. Analysis of variances of six different trials with 184 crosses tested in North Korea (2 locations) and South Korea 
(1 location) for study of E. turcicum tolerance (1 - 9 rating scores) during 1998 and 1999

Sources
Trial Ⅰ Trial Ⅱ Trial Ⅲ Trial Ⅳ Trial Ⅴ Trial Ⅵ

df MS df MS df MS df MS df MS df MS
Genotype 32 3.28** 30 2.37** 29 2.77* 33 3.96** 34 2.96* 20 3.81*

Location  2 2.74  2 5.52**  2 0.70  2 0.02  2 2.31  2 4.33
Error 64 0.95 60 0.40 58 1.43 66 1.33 64 0.95 40 0.93

*, **: significance at p = 0.05 and 0.01, respectively. North Korea (Mirim and Eunsan), South Korea (Gunwi).

of 0.75 and 0.25 m, respectively, gave a corn-planting 
density of 53,000 ha-1. Fertilizers were applied at a rate of 
60kg ha-1 each of N, 30 kg ha-1 P, and 50 kg ha-1 K as 
a compound fertilizer before planting in South Korea and 
15 kg ha-1 each of N, 5 kg ha-1 P, and 10 kg ha-1 K in 
North Korea, respectively. An additional 50 kg ha-1 N in 
South Korea and 10 kg ha-1 N in North Korea were 
administered 4 weeks after planting. Fertilizers applied for 
respective locations were varied and followed the local 
recommendations.

The average visible blight symptoms on host plants per 
plot were rated at two weeks after mid-silking on a scale 
of 1 to 9 (1= highly tolerant, no blight symptoms; and 9 
= highly susceptible, all plants blighted or scorched) (Hooker 
and Kim 1973; Kim 1974; Kim et al., 1974). Details of the 
rating were as follows.

1 = highly resistant, no blight symptoms, hypersensitive 
response

2 = a mild blight symptom, a few lesions in the lower 
leaves, almost normal plant growth, highly tolerant.

3 = several lesions in the lower leaves with apparent 
tolerance symptoms, mild blotches

4 = some blotching with mild tolerance 
5 = intermediate response between tolerance and susceptibility
6 = mild damage of host plant and little chance to recover
7 = some damage with little chance to recover
8 = apparent damage of plant causing significant yield 

reduction
9 = highly susceptible, severe damage of host plant with 

over 80% blighted 

After a homogeneity test of two year data at Gunwi, the 

mean values of the three locations were used for statistical 
analysis. The mean squares of genotypes × location were 
used to test significance against genotypes and locations, 
respectively. All data were also calculated for percent trial 
mean (individual ratings divided by the trial mean of each 
trial) for better comparison of rating values of the six trials 
across three locations. Low percent values confer better 
tolerance than the high percent values. The mean percent 
value is 100%. 

 
RESULTS AND DISCUSSION

Analyses of variances of six trials 

Analyses of variances of ratings from the six trials 
showed that mean squares of tolerance scores of the test 
crosses (genotypes) were highly significant for three trials 
(I, II, and IV) and significant for three other trials (III, V, 
and VI). Mean squares across three locations were highly 
significant in Trial II (testers: NK 2, 3, 4) and significant 
in Trial VI (tester: NK10) (Table 1).

Mean ratings and percent trial means of test crosses 

Mean ratings of 184 genotypes including commercial 
checks were arranged from the high tolerance to the high 
susceptibility in Table 2 (ratings and percent trial means). 
Significant responses among three location values were 
expressed at p = 0.05 level. The grand mean of the 184 
genotypes was 4.9 as intermediate of the 1 to 9 scale with 
5.1 at Mirim, 4.8 at Eunsan and 5.0 at Gunwi, respectively.

Percent trial mean values of the crosses of NK2 × 80078 
and NK1 × 80227 in Trial I and NK9 × 80128 in Trial V 
at the two locations in North Korea were considerably 
lower from those at Gunwi, indicating racial variation of 
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Table 2. Average rating scores and percent of trial mean of E. turcicum tolerance of 184 crosses of corn in six trials at 2 
NK and 1 SK Stations (1998 and 1999) 

Trial Pedigree
Locations

MeanNorth Korea South Korea
Mirim Eunsan Gunwi

TrialⅠ

NK2 × 80078 3.0 (53.2) 2.0*(38.4) 4.2(89.1)  3.1(57.8)
NK1 × 80227 2.0*(35.5) 3.0*(57.6) 4.7(91.8)  3.2(61.6)
NK1 × 80369 4.0 (71.0) 3.0*(57.6) 4.7(91.8)  3.9(73.4)
NK1 × 80046 4.0 (71.0) 3.0*(57.6) 4.8(95.0)  3.9(74.5)
NK1 × 80353 4.0*(71.0) 6.0(115.1) 5.2(101.6)  5.1(95.9)
NK1 × 80173 5.0 (88.7) 6.0(115.1) 4.3*(85.2)  5.1(96.3)
NK1 × 80348 7.0(124.2)  4.0*(76.7) 4.7*(91.8)  5.2(97.6)

NK1 × 97A9108 8.0(141.9) 4.0*(76.7) 4.5*(88.5) 5.5(102.4)
NK1 × 80113 7.0(124.2) 5.0*(95.9) 5.0*(98.3) 5.7(106.1)
NK1 × 80155 7.0(106.5) 5.0*(115.1) 5.8(98.3) 5.9(106.6)
NK1 × 80014 7.0(124.2) 6.0(115.1) 5.0*(98.3) 6.0(112.5)
NK1 × 80246 8.0(141.9) 6.0(115.1) 4.8*(95.0) 6.3(117.4)
NK1 × 80171 7.0(124.2) 7.0(134.3) 5.2*(101.6) 6.4(120.0)
NK1 × 2051 7.0(124.2) 8.0(153.5) 5.2*(101.6) 6.7(126.4)

NK1 × 80017 8.0(141.9) 7.0(134.3) 5.8*(114.7) 6.9(130.3)
NK1 × 3070 9.0(159.7) 7.0*(134.3) 5.0*(98.3) 7.0(130.8)
CK2 (P3394) 4.0* (71.0)    6.0(115.1) 5.3(104.9)  5.1(97.0)

Mean     5.6    5.2      5.1      5.3
LSD 0.05=      1.5

Trial II

NK3 × 80085  3.0(77.5)  2.0*(54.9) 3.3 (74.7) 2.8 (69.0)
NK3 × 80167  3.0(77.5)  2.0*(54.9) 3.8 (85.9) 2.9 (72.8)
NK3 × KHW1  2.0*(51.7)  3.0*(82.3) 4.3 (97.1) 3.1 (77.0)
NK5 × 80025  3.0*(77.5)  2.0*(54.9) 4.7(104.6) 3.2 (79.0)
NK5 × 80014  4.0(103.3)  2.0*(54.9) 3.8 (85.9) 3.3 (81.4)
NK4 × 80130  3.0*(77.5)  3.0*(82.3) 4.0 (89.6) 3.3 (83.1)
NK3 × 80069  3.0*(77.5)  3.0*(82.3) 4.0 (89.6) 3.3 (83.1)
NK3 × 80148  3.0*(77.5)  3.0*(82.3) 4.5(100.8) 3.5 (86.9)
NK3 × 80046  3.0*(77.5)  3.0*(82.3) 4.5(100.8) 3.5 (86.9)
NK4 × 80128  3.0*(77.5)  3.0*(82.3)  4.5(100.8) 3.5 (86.9)
NK3 × 80129  3.0*(77.5)  3.0*(82.3)  4.7(104.6) 3.7 (88.1)
NK3 × 2051  3.0*(77.5)  3.0*(82.3)  4.7(104.6) 3.7 (88.1)

NK2 × 80236  4.0(103.3)  3.0*(82.3)  3.7 (82.2) 3.6 (89.3)
NK4 × 80138  4.0(103.3)  3.0*(82.3) 3.7 (82.2) 3.6 (89.3)
NK3 × 80290  3.0 (77.5)  3.0 (82.3)  5.0*(112.0) 3.7 (90.6)
NK4 × 80365  4.0(103.3)  3.0*(82.3) 4.0 (89.6) 3.7 (91.8)
NK4 × 80137  3.0* (77.5) 4.0 (109.7)  4.3 (97.1) 3.8 (94.8)
NK2 × 80212  4.0*(103.3) 5.0(137.2)  3.8*(85.9) 4.3(108.8)
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Table 2. Average rating scores and percent of trial mean of E. turcicum tolerance of 184 crosses of corn in six trials at 2 
NK and 1 SK Stations (1998 and 1999) -Continued

Trial Pedigree
Locations

MeanNorth Korea South Korea
Mirim Eunsan Gunwi

Trial II

NK2 × 80286  4.0*(103.3) 5.0(137.2) 4.7(104.6) 4.6(115.0)
NK4 × 2051  4.0*(103.3) 5.0(137.2) 4.8(108.3) 4.6(116.3)
NK2 × 2051  6.0(155.0) 4.0*(109.7) 5.2(115.8) 5.1(126.8)

NK2 × 80194  6.0(155.0) 5.0(137.2) 5.0*(112.0) 5.3(134.7)
CK1 (DK729)  6.0*(155.0) 7.0(192.0) 6.8(153.1) 6.6(166.7)
CK2 (P3394)  7.0(180.8) 6.0*(164.6) 5.3*(119.5) 6.1(155.0)

Mean       3.9       3.6       4.5      4.0
LSD 0.05=      1.0

Trial III

NK5 × 80026 3.0(64.3) 2.0*(40.8) 4.0(86.7) 3.0(63.9)
NK5 × 80062 2.0*(42.9) 4.0(81.6) 4.7(86.7) 3.6(63.9)
NK5 × 80058 3.0*(64.3) 3.0*(61.2) 5.0(108.4) 3.7(78.0)
NK5 × 80283 2.0*(42.9) 5.0(102.0) 4.2(90.4) 3.7(80.0)
NK5 × 80233 5.0(107.1) 3.0*(61.2) 4.7(101.2) 4.2(89.9)
NK6 × 80022 3.0*(64.3) 6.0(122.4) 4.8(104.8) 4.6(97.2)
NK6 × 80074 3.0*(64.3) 6.0(122.4) 4.8(104.8) 4.6(97.2)
NK6 × 80147 4.0*(85.7) 6.0(122.4) 4.8(104.8) 4.9(104.3)
NK5 × 80342 4.0*(85.7) 6.0(122.4) 4.8(104.8) 4.9(104.3)
NK5 × 80344 4.0*(85.7) 6.0(122.4) 5.0(108.4) 5.0(105.5)
NK5 × 80065 6.0(128.6) 4.0*(81.6) 5.0(108.4) 5.0(106.2)
NK6 × 80146 8.0(171.4) 4.0*(81.6) 3.7*(79.5) 5.2(110.9)
NK6 × 80127 7.0(150.0) 4.0*(81.6) 4.8*(104.8) 5.3(112.2)
NK6 × 80138 7.0(150.0) 6.0(122.4) 4.2*(90.4) 5.7(120.9)
NK5 × 80254 7.0(150.0) 7.0(142.9) 3.8*(83.1) 5.9(125.3)
NK6 × 80123 7.0(150.0) 7.0(142.9) 3.8*(83.1) 5.9(125.3)
CK2 (P 3394) 8.0(171.4) 8.0(163.3) 5.2*(112.0) 7.1(148.9)

Mean      4.7      4.9       4.6      4.7
LSD 0.05=      1.9

Trial IV

NK7 × 80379 3.0*(60.4) 2.0*(40.0) 5.2(104.4) 3.4(68.2)
NK7 × 80375 3.0*(60.4) 3.0*(60.0) 4.8(97.6) 3.6(72.7)
NK7 × 80371 5.0(100.6) 3.0*(60.0) 4.5(90.9) 4.2(83.8)
NK6 × 80240 3.0*(60.4) 4.0*(80.0) 6.5(131.3) 4.5(90.5)
NK7 × 80218 6.0(120.7) 3.0*(60.0) 4.7(94.3) 4.6(91.7)
NK6 × 80347 3.0*(60.4) 6.0(120.0) 5.0(101.0) 4.7(93.8)
NK7 × 80036 3.0*(60.4) 6.0(120.0) 5.5(111.1) 4.8(97.1)
NK6 × 80370 4.0*(80.5) 6.0(120.0) 4.8(97.6) 4.9(99.4)
NK6 × 2086 4.0*(80.5) 6.0(120.0) 5.0(101.0) 5.0(100.5)

NK7 × 80177 7.0(140.8) 4.0*(80.0) 5.2(104.4) 5.4(108.4)
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Table 2. Average rating scores and percent of trial mean of E. turcicum tolerance of 184 crosses of corn in six trials at 2 
NK and 1 SK Stations (1998 and 1999) -Continued

Trial Pedigree
Locations

MeanNorth Korea South Korea
Mirim Eunsan Gunwi

Trial IV

NK7 × 80074 5.0*(100.6) 7.0(140.0) 4.8*(97.6) 5.6(112.7)
NK7 × 80057 8.0(160.9) 5.0*(100.0) 3.8*(77.4) 5.6(112.8)
NK6 × 3070 6.0*(120.7) 8.0(160.0) 5.0*(101.0) 6.3(127.2)

NK7 × 80051 6.0*(120.7) 8.0(160.0) 5.7(114.5) 6.6(131.7)
NK6 × 80359 8.0(160.9) 8.0(160.0) 4.7*(94.3) 6.9(138.4)
NK6 × 80355 8.0(160.9) 7.0(140.0) 5.7*(114.5) 6.9(138.5)
CK2 (P 3394) 9.0(181.1) 7.0(140.0) 5.3*(107.7) 7.1(142.9)

Mean      5.0      5.0       5.0      5.0
LSD 0.05=      1.8

Trial V

NK9 × 80128 3.0(54.7) 2.0*(40.2) 4.7(89.3) 3.2(61.4)
NK9 × 80016 4.0(72.9) 2.0*(40.2) 5.3(102.0) 3.8(71.7)
NK7 × 3070 3.0*(54.7) 5.0(100.6) 4.8(92.4) 4.3(82.6)

NK7 × KHW1 7.0(127.6) 3.0*(60.3) 4.7*(89.3) 4.9(92.4)
NK10 × 80015 3.0*(54.7) 7.0(140.8) 4.3*(82.9) 4.8(92.8)
NK7 × 80230 7.0(127.6) 3.0*(60.3) 4.8*(92.4) 4.9(93.5)
NK8 × 80218 7.0(127.6) 4.0*(80.5) 4.0*(76.5) 5.0(94.9)
NK10 × 80005 6.0(109.4) 5.0(100.6) 4.0*(76.5) 5.0(95.5)
NK8 × 80096 4.0*(72.9) 6.0(120.7) 5.7(108.4) 5.2(100.7)
NK9 × 3070 4.0*(72.9) 6.0(120.7) 6.3(121.1) 5.4(104.9)

NK9 × 80045 7.0(127.6) 5.0*(100.6) 4.7*(89.3) 5.6(105.8)
NK8 × 80335 4.0*(72.9) 7.0(140.8) 5.5(105.2) 5.5(106.3)
NK8 × 80015 8.0(145.8) 4.0*(80.5) 5.0*(95.6) 5.7(107.3)
NK9 × 80009 8.0(145.8) 4.0*(80.5) 5.7*(108.4) 5.9(111.6)
NK8 × 80222 7.0(127.6) 5.0*(100.6) 5.7(108.4) 5.9(112.2)
NK10 × 80008 5.0*(91.1) 7.0(140.8) 5.5(105.2) 5.8(112.4)
NK9 × 80221 8.0(145.8) 5.0*(100.6) 5.8*(111.6) 6.3(119.3)
NK9 × 2051 8.0(145.8) 6.0*(120.7) 5.2*(98.9) 6.4(121.8)

NK8 × 80104 8.0(145.8) 7.0(140.8) 5.7*(108.4) 6.9(131.7)
CK1 (DK729) 5.0*(91.1) 7.0(140.8) 7.2(137.1) 6.4(123.0)

Mean      5.5      5.0      5.2      5.2
LSD 0.05=      2.0

Trial VI

NK10 × 80026 3.0*(51.2) 3.0*(60.6) 4.5(84.4) 3.5(65.4)
NK10 × 80252 3.0*(51.2) 3.0*(60.6) 5.0(93.8) 3.7(68.5)
NK10 × 80231 4.0(68.3) 3.0*(60.6) 4.7(87.5) 3.9(72.1)
NK10 × 80182 6.0(102.4) 3.0*(60.6) 4.2*(78.1) 4.4(80.4)
NK10 × 80348 5.0(85.4) 4.0*(80.8) 6.0(112.5) 5.0(92.9)
NK10 × 80250 6.0(102.4) 4.0*(80.8) 5.5(103.1) 5.2(95.4)



Tolerance to Exserohilum turcicum in NK and SK 119

Table 2. Average rating scores and percent of trial mean of E. turcicum tolerance of 184 crosses of corn in six trials at 2 
NK and 1 SK Stations (1998 and 1999) -Continued

Trial Pedigree
Locations

MeanNorth Korea South Korea
Mirim Eunsan Gunwi

Trial VI

NK10 × 80044 6.0(102.4) 4.0*(80.8) 5.5(103.1) 5.2(95.4)
NK10 × 80366 7.0(119.5) 5.0*(101.0) 5.2*(96.9) 5.7(105.8)
NK10 × 80250 7.0(119.5) 5.0*(101.0) 5.3*(100.0) 5.8(106.8)
NK10 × 80016 5.0*(85.4) 8.0(161.5) 5.2*(96.9) 6.1(114.6)
NK10 × 80029 6.0(102.4) 7.0(141.2) 5.3*(100.0) 6.1(114.6)
NK10 × 80253 7.0(119.5) 7.0(141.3) 5.0*(93.8) 6.3(118.2)
NK10 × 2051 8.0(136.6) 6.0*(121.2) 6.0*(112.5) 6.7(123.4)
NK10 × 80270 8.0(136.6) 7.0(141.3) 5.2*(96.9) 6.7(124.9)
CK2 (P 3394) 8.0(136.6) 7.0(141.3) 6.2*(115.6) 7.1(131.2)

Mean      5.9      5.0       5.3      5.4
LSD 0.05=      1.5

Rating scores (1-9): 1= highly tolerant, 9=highly susceptible.
*: significant at p = 0.05 level. Non significant crosses were not included.
CK1; DeKalb 729, CK2; Pioneer 3394.

Table 3. Number (percentage) of corn crosses with significant variation for tolerance to E. turcicum at two and one location(s) 
in North and South Korea

Trial Testers Crosses 2 loc. 1 loc. Total

I NK 1, 2  33  5
(15.2)1)

12
(36.4)

17
(51.5)

II NK 2, 3, 4  31  12
(38.7)

12
(38.7)

24
(77.4)

III NK 5, 6  30 3
(10.0)

14
(46.7)

17
(56.7)

IV NK 6, 7  34 6
(17.6)

11
(32.4)

17
(50.0)

V NK 7, 8, 9, 10  35 9
(25.7)

11
(32.2)

20
(57.9)

VI NK 10  21 7
(33.3)

10
(47.6)

17
(80.9)

Total 184 42
(22.8)

69
(39.0)

111
(62.4)

1); Percent.

E. turcicum in Korea Peninsular (Table 2).

Crosses with significant differences 

In the summary of the results, 111 crosses (62.4%) of 
the total of 184 crosses showed significant tolerant or 

susceptible responses in test locations; 42 crosses (22.8%) 
at two locations and 69 crosses (39.0%) at one location, 
respectively (Table 3). Among the six trials, the highest 
variations were observed in Trial VI with 17 crosses 
(80.9%) and Trial II with 24 crosses (77.4%), while the 
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Table 4. Summary of tolerance scores (1-9) and percent trial means (parenthesis) of selected 8 crosses with significantly more 
tolerant to E. turcicum than others from 184 crosses tested in North and South Korea 

Trial Pedigree
Locations

Mean
Mirim Eunsan Gunwi

I NK2 × 80078  3.0
(53.2)

  2.0*

(38.4)
 4.2

(81.9)
 3.1

(57.8)

NK1 × 80227   2.0*

(35.2)
  3.0*

(57.6)
 4.7

(91.8)
 3.2

(61.6)

II NK3 × 80085  3.0
(77.5)

  2.0*

(54.9)
 3.3

(74.7)
 2.8

(69.0)

NK3 × 80167  3.0
(77.5)

  2.0*

(54.9)
 3.8

(85.9)
 2.9

(72.8)
III, IV Not selected

V NK9 × 80128  3.0
(54.7)

  2.0*

(40.2)
 4.7

(89.3)
 3.2

(61.4)

VI NK10 × 80026   3.0*

(51.2)
  3.0*

(60.0)
 4.5

(84.4)
 3.5

(65.4)

NK10 × 80252  3.0*

(51.2)
  3.0*

(60.6)
 5.0

(93.8)
 3.7

(68.5)

NK10 × 80231  4.0
(68.3)

  3.0*

(87.5)
 4.7

(60.6)
 3.9

(72.1)

Mean  3.0
(58.6)

  2.5
(56.8)

 4.4
(82.8)

 3.3
(66.1)

Rating scores (1-9): 1= highly tolerant, 9=highly susceptible.
*: significant at p =0.05 level.

lowest variations were observed in Trial IV with 17 
crosses (50.0%) and Trial I with 17 crosses (51.5%). The 
high significant variation in tolerance confirms yet again 
the racial variation of E. turcicum.

In the summary of two-location significance, Trial II and 
Trial VI had 12 crosses out of the 31 crosses (38.7%) and 
7 out of the 21 crosses (33.3%), while in one location 
significance, Trial VI and Trial III had 10 crosses out of 
the 21 crosses (47.6%) and 14 crosses out of the 30 crosses 
(46.7%), respectively. 

Highly tolerant crosses 

At least eight crosses with high levels of tolerance 
(4.3%) showed significantly different responses (p = 0.05) 
(Table 4). Grand mean rating score of the eight highly 
tolerant crosses selected was 3.3 (66.1 percent mean). 
Individual rating means of Mirim, Eunsan, and Gunwi 
were 3.0 (58.6 percent mean), 2.5 (56.8 percent mean), and 
4.4 (82.8 percent mean), respectively. The mean tolerance 

scores of the crosses at the two North Korea locations were 
less than 60% percent trial means that were significantly 
higher than that at South Korea. The ten test materials 
used in this study were bred from Eunsan and Mirim 
Research Stations in North Korea. Three crosses (NK1 × 
80227 from Trial I, NK10 × 80026, NK10 × 80252 from 
Trial VI) showed significantly high tolerance at Mirim, 
while all eight selected crosses showed significantly high 
tolerance at Eunsan (Headquarter research station of corn 
in North Korea). None of the eight selected crosses at 
Gunwi in South Korea showed significant responses for 
tolerance, indicating that race of South Korea might be less 
aggressive than those in the two NK stations where corn 
cultivation is much more intensified. 

Highly susceptible crosses 

At least 14 crosses with a high level of susceptibility 
showed significantly different responses (p = 0.05) (Table 
5). Except for Trial V, 2 to 4 crosses from each trial 
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Table 5. Summary of susceptibility scores (1-9) and percent trial means (inside parenthesis) of selected 14 crosses with 
significantly more susceptible to E. turcicum than others from 184 crosses tested in North and South Korea

Trial Pedigree
Locations

Mean
Mirim Eunsan Gunwi

I
NK1 × 3070   9.0*

(159.7)
  7.0*

(134.3)
  5.0*

 (98.3)
  5.3

(130.3)

NK1 × 80017   8.0*

(141.9)
  7.0

(134.3)
  5.8

(114.7)
  6.9

(130.8)

II NK2 × 80194   6.0*

(155.0)
  5.0

(137.2)
  5.0

(112.0)
  5.3

(134.7)

NK2 × 2051 6.0*

(155.4)
  4.0

(137.2)
  5.2*

(112.0)
  5.1

(126.8)

DK729   6.0
(155.0)

   7.0*

(192.0)
  6.8

(153.1)
  6.6

(166.7)

P3394   7.0*

(180.8)
  6.0

(164.6)
 5.3

(119.5)
  6.1

(155.0)

III DK729   8.0
(171.4)

  7.0
(142.9)

  6.2
(133.7)

   7.1
(149.3)

P3394   8.0*

(171.4)
   8.0*

(163.3)
  5.2

(112.0)
  7.1

(148.9)

IV DK729   8.0
(160.9)

  7.0
(140.0)

  7.5
(151.5)

  7.5
(150.8)

P3394    9.0*

(181.1)
  7.0

(140.0)
  5.3

(107.7)
  7.1

(142.9)

NK6 × 80359    8.0*

(160.9)
   8.0*

(160.9)
  4.7

 (94.3)
  6.9

(138.4)

NK6 × 80355    8.0*

(160.9)
  7.0

(140.0)
  5.7

(114.5)
  6.9

(138.5)
V Not selected

VI DK729   7.0
(119.5)

  7.0 
(141.3)

  7.5 
(140.6)

  7.2 
(133.8)

P3394    8.0* 
(136.6)

  7.0 
(141.3)

  6.2 
(115.6)

  7.1 
(131.2)

Mean    7.6
 (159.7)

  6.7 
(147.7)

  5.8 
(120.0)

  6.6 
(141.3)

Rating scores (1-9): 1= highly tolerant, 9=highly susceptible.
*: significant at p=0.05 level.

showed high susceptibility including two commercial 
hybrid checks from four trials (Trial II, III, IV and VI).

The grand mean rating score of eight selected highly 
susceptible crosses was 6.3 (141.3 percent mean). Individual 
mean ratings and percent trial mean of Mirim, Eunsan and 
Gunwi were 7.6 (157.9 percent mean), 6.7 (147.7 percent 
mean) and 5.8 (120.0 percent mean), respectively. Susceptibility 
scores from two North Korean locations were significantly 

higher than those scores from South Korea. The generally 
low infection of the disease in the Gunwi environment 
might have affected the rating scores. At Mirim, 10 crosses 
except DK729 in Trial II, Trial III, IV, and VI showed 
significantly high susceptibility. At Eunsan, only four 
crosses (NK1 × 3070 in Trial I, DK729 in Trial II, P3394 
in Trial III, and NK6 × 80359 in Trial IV) showed 
significantly higher susceptibility. 3070 was the code of a 
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Table 6. Tolerant rating scores (1-9) and percent trial means (inside parenthesis) of two commercial hybrid checks to E. turcicum 
included in six trials tested in North Korea (2 locations) and South Korea (1 location) 

Trial Pedigree
Locations

Mean
Mirim Eunsan Gunwi

I DK729   7.0
(124.2)

  6.0
(115.1)

  6.2
(121.3)

  6.4
(120.2)

P3394    4.0*
 (71.0)

  6.0
(115.1)

  5.3
(104.9)

  5.1
 (97.0)

II DK729    6.0*
(155.0)

  7.0
(192.0)

  6.8
(166.7)

  6.6
(166.7)

P3394   7.0
(180.8)

  6.0*
(164.6)

   5.3*
(119.5)

  6.1
(155.0)

III DK729   8.0
(171.4)

  7.0
(142.9)

  6.2
(133.7)

  7.1
(149.3)

P3394   8.0
(171.4)

  8.0
(163.3)

   5.2*
(112.0)

  7.1
(148.9)

IV DK729   8.0
(160.9)

  7.0
(140.0)

  7.5
(151.5)

  7.5
(150.8)

P3394   9.0
(181.1)

  7.0
(140.0)

  5.3
(107.7)

  7.1
(142.9)

V DK729    5.0*
(91.1)

  7.0
(140.8)

  7.2
(137.1)

  6.4
(123.0)

P3394  7.0
(127.6)

  8.0
(160.9)

  6.2
(117.9)

  7.1
(135.5)

VI DK729   8.0
(119.5)

  7.0
(141.3)

  7.5
(140.6)

  7.2
(133.8)

P3394   8.0
(136.6)

  7.0
(141.3)

  6.2
(115.6)

  7.1
(131.3)

Mean DK729   6.8
(137.0)

  6.8
(145.4)

  6.9
(141.8)

  6.9
(140.6)

P3394   7.2
(144.8)

  7.0
(147.5)

5.6
(112.9)

6.6
(135.1)

Rating scores (1-9): 1= highly tolerant, 9=highly susceptible.
*: significant at p = 0.05 level.

USA sweet corn hybrid, Golden Cross Bantam, controlled 
by su gene marketed in South Korea. At Gunwi, only one 
cross (NK2 × 2051 in Trial II) showed significantly higher 
susceptibility than the others. 2051 was coded of a USA 
commercial super-sweet corn hybrid, Cocktail 51, controlled 
by sh2 gene in South Korea. Aggressiveness of E. turcicum 
race at Mirim, less tolerance breeding research carried out, 
and high infection environments (low temperature and high 
rainfall) at Mirim Station might have contributed to the 
highly significant susceptible levels of more crosses. Corn 
is also very widely grown in the most of upland fields in 

Pyongyang. 

Mean tolerance ratings of two commercial checks 

High infections of E. turcicum in six trials from three 
locations are summarized in Table 6. The average ratings 
of two checks across the six trials and three locations were 
6.9 (140.6 percent mean) for DK 729 and 6.6 (135.1 
percent mean) for Pioneer 3394. DK 729 rated equally 
susceptible scores at Mirim 6.8 (137.0 percent mean), 
Eunsan 6.8 (145.4 percent mean) and Gunwi 6.9 (141.8 
percent mean). Pioneer 3394 rated susceptible scores at 
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Mirim 7.2 (144.8 percent mean), Eunsan 7.0 (147.5 percent 
mean) and moderate at Gunwi 5.6 (112.9 percent mean), 
respectively. The latter hybrid showed high susceptibility 
to the southern corn leaf blight caused by Bipolaris maydis 
at Gunwi(Table 6).

The results of this study prove that employment of 
proper breeding technology for host durability is an important 
step to increase crop stability under various biotic conditions. 
In 2001 and 2002, severe epidemics of E. turcicum infection 
were experienced in many locations in North Korea including 
Ryoungchun, Gaecheon, Onggin, and areas of Yanggang 
and Jagang Provinces. An average reduction of 30% yield 
might be occurred by susceptible cultivars under epidemic 
conditions. High rainfall and cold weather during the summer 
season contribute to producing the high blight infections in 
North Korea where corn is the dominant crop in the upland. 

Since E. turcicum is the most destructive disease of the 
staple food corn in North Korea, breeding cultivars for 
tolerance or durable resistance genes are important. This 
can be another way of increasing food production in the 
country. Because of the historical incidences of Ht1A gene 
- with highly resistant hypersensitive type controlled of 
SAR4 in North Korea and the Bokkyo hybrid in South 
Korea (Kim et al., 2001; Park et al., 1975), horizontal 
resistance or tolerance has been emphasized since 1998 to 
minimize the directional selection pressures against race 
specific - high resistance genes. This approach has been 
employed not only for corn, but also for rice, potatoes and 
soybeans. 

Host × pathogen interactions of E. turcicum race-specific 
resistance genes (e.g. Ht1A, Ht1B etc.) have been studied 
by many research groups (Brewbaker et al., 2011, 1990; 
Hooker 1963; Hooker 1978; Hughes and Hooker 1971; 
Jenkins and Rober 1958; Kim et al., 1988). The efficacy 
of near iso-genetic genes of specific resistance has been 
also studied extensively (Hooker and Kim 1973; Kim et 
al., 1974). 

From the test materials in the current study, observations 
of racial variation of corn genotypes against E. turcicum 
tolerance in Korea Peninsula were made first at the KNU 
Gunwi Research Station in South Korea, and later Mirim 
Research Station in Pyongyang and Eunsan Corn Research 
Station in North Korea in both 1998 and 1999. Some 

plants showed both highly resistant (mono-gene controlled) 
and tolerant (poly-gene controlled) symptoms in a plant at 
a testing station, indicating the presence of race variation 
of the pathogen. 

A mutant race of E. turcicum resistance was reported in 
Hawaii (Berquist and Masias 1974). A resistant maize 
population 44 from CIMMYT, Mexico for the mid-altitude 
ecology in the East and Southern Africa showed high 
susceptibility in a mid-altitude station in Jos, Nigeria (Kim 
2003; Kim et al., 1985), indicating racial differences in the 
continent of Africa. E. turcicum is considered the second 
most damaging disease of corn in Cameroon, Kenya, and 
Uganda (Eberhart et al., 1991; Everett et al., 1994a; 
Everett et al., 1994b; Kim et al., 2003). 

Numerous examples of the breakdown of a single gene 
for high resistance have been reported with other biotic 
stresses including Puccinia sorghi (Kim and Brewbaker 
1976, 1977), P. polysora (Brewbaker et al., 2011; Kim 
1993; Kim et al., 1988), B. maydis (Kim et al., 1988), 
maize streak virus (Kim et al., 1989), and Striga hermonthica 
(Kim 1994a; Kim 1994b; Kim 1996). The importance of 
quantitatively inherited genes for tolerance against diseases, 
parasitic weeds, and insects has been studied by many 
groups in details (Brewbaker 1974; Brewbaker et al., 1990, 
2011; Carson and Van Dyke, 1994; Kim 1993, 2002; Nelson 
1973; Pataky 1994; Robinson 1996; Van der Plank 1968; 
Zadocks 1993). 

Breeding for mono-gene controlled hypersensitive types 
of high resistance is a dangerous approach to sustain durability 
of resistance. Tolerance or horizontal resistance must be 
pursued (Brewbaker et al., 2011; Kim 1993a, 1993b, 1994a, 
1994b, 1996, 2000a). However, scientists of most developing 
countries still look for race-specific type of high resistance 
(Brewbaker et al., 2011; Kim 2000a).

In nature, pests and hosts must co-survive. If any one 
side dominates the other, mutation of a new biotype occurs 
naturally to promote co-survival. Tolerance and durable 
resistance technology can be called as the Genetic Integrated 
Pest Management (Kim 2000b, 2003b; Kim and Brewbaker 
1976; Kim et al., 2004). A crop cultivar that withstands 
with pests in nature confers very powerful tolerance compare 
to the high resistance + chemical spray + others. For 
environmentally friendly green food production, the host 
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tolerance may be the key for the crop stability. Other 
researchers have referred to this principle as horizontal 
resistance (Van der Plank 1968), durable resistance (Zadocks 
1993), general resistance (Brewbaker et al., 2011; Brewbaker 
1983), generalized resistance (Hooker, 1978), field resistance 
(Van der Plank, 1968), race-non specific resistance (Nelson 
1973; Van der Plank 1968), and partial resistance (Carson 
and Van Dyke 1994; Pataky 1974). 

The strategy for developing E. turcicum tolerance in 
North Korea has taken two approaches; the first is to develop 
tolerance hybrids and the second is to form open-pollinated 
synthetic or composite cultivars using selected tolerance inbred 
lines and crosses. Since 2002, three synthetics(Syn.) by the 
name of NK Syn. Early, NK Syn. Middle, and NK Syn. 
Lately. according to maturities were formed. A similar approach 
of the resistance synthetic formation by the name of Mmaize 
Inbred Resistance was adopted by researchers at the 
University of Hawaii to control E. turcicum in the tropics 
(Brewbaker et al., 1990). 

The weakness of this study is that limited data collected 
from only two locations in North Korea for one year and 
one location for two years in South Korea. However, 
number of F1 crosses between NK germplasm and SK 
breeding lines were considerable. The interpretation of the 
data by both visual rating scores (1-9) and percent trial 
means has support the high value of this paper. The way 
of the latter statistical analysis is known to be outstanding 
value comparison among different environments (Brewbaker, 
Kim unpublished). Further studies with different sets of 
diallel crosses with inbred parents will argue the results of 
the data presented here. 

 
ACKNOWLEDGEMENTS

The authors are grateful to corn research scientists, 
graduate students and staff of both North Korea and South 
Korea who helped to the current study. Supports of 
research by the Ministry of Science and Technology, the 
International Corn Foundation in Seoul, and the Academy 
of Agricultural Science in Pyongyang are appreciated.

RERERENCES

Baker, M. 1999. North Korea, Joint projects allow a peek into 
an impoverished system. News Focus. Science 10 Sept. 285 
: 1657-1658.

Bergquist, R. R., and O. R. Masias. 1974. Physiological specialization 
in Trichometasphaeria turcica f. sp. Zeae and T. turcica f. 
sp. Sorghi in Hawaii. Phytopathology 64 : 645-649.

Brewbaker, J. L. 1974. Continuous genetic conversions and breeding 
of corn in a neutral environment. The Proc. of the Twenty-ninth 
Annual Corn and Sorghum Research Conference. pp. 118-123.

Brewbaker, J. L. 1983. Breeding for disease resistance. Challenging 
problems in plant health. ed. T. Kommedahl and P. H. Williams. 
American Phytopathology Society. pp. 411-449.

Brewbaker, J. L., S.K. Kim, and M. L. Logrono. 1987. Foliar disease 
resistance of tropical-adapted maize inbreds. (Abstr.) Agronomy 
ASA Annual Meetings, Atlanta, Georgia. p. 70.

Brewbaker, J. L., S. K. Kim, Y. S. So, L. Manuel, H. G. Moon,  
M. Reiguang, W. L. Xiao, and D.J. Aleksander. 2011. General 
resistance in maize to southern rust (Puccinia polysora Underw.). 
Crop Sci. 51 : 1393-1409.

Brewbaker, J. L., M. L. Logrono, and S. K. Kim. 1990. The MIR 
(Maize Inbred Resistance) trials: performance of tropical-adapted 
maize inbreds. Univ. of Hawaii. Research Series 062 : p.27.

Carson, M. L. and C. G. Van Dyke. 1994. Effect of light and 
temperature on expression of partial resistance of maize to 
Exserohilum turcicum. Plant Dis. 78 : 519-522.

Eberhart, S. A., S. K. Kim, J. Mareck, L. L. Darrah, and M. 
Goodman. 1991. A comprehensive breeding system for maize 
improvement in Africa. N. Q. Ng, P. Perrino and H. Zedan, 
ed. Proc. International Conf. on Crop Genetic Resources of 
Africa. Vol. II by IITA, IBPGR and UNEP, Ibadan, Rome, 
Nairobi. pp. 175-193.

Everett, L. A., J. T. Eta-Ndu, M. Ndioro, I. Tabi, and S.K. Kim.  
1994a. Registration of 18 first-cycle tropical midaltitude 
maize germplasm lines. Crop Sci. 34 : 1422.

Everett, L. A., J. T. Eta-Ndu, M. Ndioro, I. Tabi, and S.K. Kim. 
1994b. Registration of 19 second-cycle tropical midaltitude 
maize germplasm lines. Crop Sci. 34 : 1419-1420.

Hooker, A. L. 1963. Inheritance of chlorotic-lesion resistance to 
Helminthosporium turcicum in seedling corn. Phytopathology 
53 : 660-662.

Hooker, A. L. 1978. Genetics of disease resistance in maize. 
Maize Breeding and Genetics. ed. D. B. Walden, Wiley - 
InterScience, New York. pp. 319-332.

Hooker, A. L. and S. K. Kim. 1973. Monogenic and multigenic 
resistance to Helminthosporium turcicum in corn. Plant Dis. 
57 : 586-589.

Hughes, C. R. and A. L. Hooker. 1971. Gene action conditioning 
resistance to northern corn leaf blight in maize. Crop Sci. 
11 : 180-184.



Tolerance to Exserohilum turcicum in NK and SK 125

Jenkins, M. T. and A. L. Robert. 1959. Evaluating the breeding 
potential of inbred lines of corn resistant to the leaf blight 
caused by Helminthosporium turcicum. Agron. J. 51 : 
93-96.

Kim, H. W. 2002. General resistance to Exserohilum turcicum 
among South and North Korea maize crosses. MSc. Thesis, 
The Graduate School, Kyungpook National University, 
Daegu, Korea. p. 33. 

Kim, S. K. 1974. Quantitative genetics of Puccinia sorghi resistance 
and husk number in Zea mays L. Ph. D. Thesis, University 
of Hawaii, Honolulu, Hawaii, USA. 

Kim, S. K. 1993a. Polygenic resistance: a sustainable crop breeding 
system in the developing world. Focused Plant Improvement 
Towards Responsible and Sustainable Agriculture. Vol. 12. 
Proc. Tenth Australian Plant Breeding Conf. pp. 159-162.

Kim, S. K. 1993b. General resistance breeding for stresses in 
maize in the tropics. p. 329 in: T. Jacobs and J. E. Parlevliet 
ed. Durability of disease resistance. Proc. of the International 
Symposium, 24-28 Feb., 1992, the International Agricultural 
Center, Wageningen, the Netherlands, Kluwer Academic 
Publishers, Dordrecht, Boston, London. 

Kim, S. K. 1994a. Breeding for tolerance and general resistance 
in maize : a novel approach to combating Striga in Africa. 
pp. 168-176 in: S. T. O. Lagoke, R. Hoevers, S. S. M’Boob 
and R. Traboulsi eds. Improving Striga management in 
Africa. Proc. 2nd General Workshop of the Pan-African 
Striga Control Network (PASCON), 23-29 June, 1991, 
Nairobi, Kenya, FAO-Africa Office, Accra, Ghana. 

Kim, S. K. 1994b. Genetics of maize tolerance to Striga hermonthica. 
Crop Sci. 34 : 900-907.

Kim, S. K. 1996. Horizontal resistance: core to a research breakthrough 
to combat Striga in Africa. Integrated Pest Management 
Reviews 1 : 229-249.

Kim, S. K. 2000a. Tolerance: an ideal co-survival crop breeding 
system of pest and host in nature with reference to maize. 
Korean J. Crop Sci. 45 : 59-71.

Kim, S. K. 2000b. Combating national efforts for combating 
food deficiency: development of super-maize. pp. 356-357 
in: EXPO 2000, Hanover, The World Exposition, 1 June 
-31 Oct., Hannover, Germany.

Kim, S. K. 2003a. Dr. Soon-Kwon Kim’s efforts at combating 
hunger in Africa and Asia (1969-2003). A collection of 
published works carried out by S. K. Kim and his teams. 
A joint Kyungpoook National University, Daegu and 
International Corn Foundation, Seoul, Korea. p. 360.

Kim, S. K. 2003b. Maize germplasm developed and studied by 
Dr. Soon-Kwon Kim and his colleagues for Africa, Asia 
and USA (1969-2003). A joint Kyungpook National 
University, Daegu and International Corn Foundation, 
Seoul, Korea. p. 360.

Kim, S. K. and J.L. Brewbaker. 1976. Effect of Puccinia sorghi 
rust on yield and several agronomic traits of maize in 

Hawaii. Crop Sci. 16 : 874-877.
Kim, S. K. and J. L. Brewbaker. 1977. Inheritance of general 

resistance in maize to Puccinia sorghi Schw. Crop Sci. 17 
: 456-461.

Kim, S. K. and J. L. Brewbaker. 1979. Maize green revolution 
in Korea. The American Society of Agronomy Abstracts, 
Fort Collins, Colorado. p. 80.

Kim, S. K., J. L. Brewbaker, and A. R. Hallauer. 1988. Insect 
and disease resistance from tropical maize for use in 
temperate zone hybrids. pp. 194-226 in: Proc. 43rd Corn 
and Sorghum Research and Industry Conference. American 
Seed Trade Association, Washington D. C.

Kim, S. K., Y. Efron, J. M. Fajemisin, and I. W. Buddenhagen. 
1989. Mode of gene action for resistance in maize to maize 
streak virus. Crop Sci. 29 : 890-894.

Kim, S. K., Y. S. Ham, K. Y. Park, S. U. Park, H. G. Moon, 
H. O. Choi, S. D. Kim, and J. L. Brewbaker. 1978. A disease, 
insect and lodging resistant, and superb high yielding maize 
hybrid, “Suwon 19”. Research Rptr 20 (Crops): 149-156. 
ORD, Suwon, Korea.

Kim, S. K., A. L. Hooker, and S. M. Lim. 1974. Corn seedling 
root and top growth as affected by three Helminthosporium 
leaf blights. Plant Dis. Rep. 58 : 219-220.

Kim, S. K., Y. H. Hwang, H. G. Min, and M. H. Lee. 2001. 
Collaborative maize research between North and South 
Korea. (Abstr.), ASA, CSSA, and SSSA Annual Meetings. 
pp. 21-25 Oct. North Carolina, USA.

Kim, S. K., F. Khadr, J. Fajemisin, Y. Efron, and L. Everett.  
1985. Disease resistance maize breeding for mid-altitude 
ecology in Africa. (Abstr.) Agronomy. p. 75.

Kim, S. K., K. S. Lee, H. J. Han, P. Kim, H. W. Kim, J. S. 
Lee, Y. H. Kim, K. G. Jo, H. G. Min, and M. H. Lee. 2004. 
Combating hunger in North Korea through super-corn 
development and science-based sustainable farming system. 
p. 167, (Handbook and Abstr.), 4th International Crop Science 
Congress. Brisbane, Australia.

Kim, S. K., R. Olafare, F. Khadr, A. Blaser, O. Fom, L. A. 
Everett, D. Makonnen, J. M. Fajemisin, Y. Efron, N. A. Bosque-Perez, 
I. W. Buddenhagen, V. O. Adetimirin, S. Aliwu, S. Adewuni, 
A. Ajala, and A. Menkir. 2003. Development of 33 tropical 
midaltitude disease resistant maize germplasm lines. pp. 
33-39 in: Maize Germplasm Developed and Studied by Dr. 
Soon-Kwon Kim and His Colleagues for Africa, Asia and 
USA (1969-2003). Kyungpook National University Press, 
Daegu, Korea.

Nelson, R. R. 1973. Breeding plants for disease resistance, 
Concept and applications. Pennsylvania State University 
Press. University Park, London. p. 401.

Park, K. Y., S. K. Kim, and Y. W. Kim. 1975. New double cross 
maize hybrid “Bokkyo 2”. The Research Rep. 17 (Crops): 
55-58, The Office of Rural Development, Suwon, Korea.

Pataky, J.K. 1994. Effects of races 0 to 1 of Exserohilum 



한작지(KOREAN J. CROP SCI.), 57(2), 2012126

turcicum on sweet corn hybrids differing for Ht- and partial 
resistance to northern leaf blight. Plant Dis. 78 : 1189-1193.

Robinson, R. A. 1996. Return to resistance. agAccess, Davis 
California. p. 480.

Ullstrup, A. J. 1977. Disease of corn. pp. 391-500 in: Corn and 
Corn Improvement. ed. G. F. Sprague. Amer. Society of 
Agronomy, Madison, Wisconsin.

Van der, P. 1968. Disease resistance in plants. Academic 
Press, New York, p. 206.

Zadocks, J. C. 1993. The partial past. pp. 11-12 in: Durability 
of disease resistance. T. Jacobs and J. E. Parlevliet ed. 
Proc. of the International Symposium, 24-28 Feb., 1992, the 
International Agricultural Center, Wageningen, the Netherlands, 
Kluwer Academic Publishers, Dordrecht, Boston, London.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


