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ABSTRACT

Since maize (Zea mays L.) originated in central and south America, it requires warm climate conditions throughout its growing
season. Growth halts when night-time temperatures drop below 10T, and the plant may die if temperature reach -1.7C. Thus,
temperature should be maintained between 10 and 30T from seeding to maturity. The germination temperature for maize should be
at least 8-11C, whit an optimal range 32-34C. Since temperature significantly affects the germination rate and period, it plays a
crucial role in maize growth. In this study, we evaluated the quantity and feed value of 11 major varieties to determine those best
suited for maize cultivation as feed in higher latitude, specifically in Democratic People’s of Republic of Korea, below 38 degrees
north. A cultivation test was also conducted in Suwon in Republic of Korea, to assess adaptability in areas south of Mt. Suyang.
Among the varieties tested, Shinhwangok2 reached silking the fastest, in 65 days, while Gwangpyeongok took the longest at 75 days.
The stem length of all varieties exceeded 230 cm. Gwangpyeongok had the tallest stems, while Daanok and Shinhwangok2ho
displayed the highest ear ratios. Dacheongok presented the highest values in both dry matter and TDN quantity, with 31,420 kg/ha
and 21,66 kg/ha respectively. Pyeonggangok had the highest crude protein content at 8.0%. TDN (%) ranged from 57-68%, with
Hwangdaok reaching up to 68%. Based on these findings, Dacheongok and Pyeonggangok appear to be the most suitable varieties for
cultivation in terms of both quantity and feed value.
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Fig. 1. The agro—climatic zones (Suyang Mt. Southern and
Northern Zone) in north Korea and two experimental
fields (@, Cherowon and Suwon) in south Korea.
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Fig. 2. Average monthly temperature and precipitation until flowering during the maize growing season in 2021-2022.

- 218 -



Selection of Maize Varieties Adapted to High Latitude

Table 1. The agricultural traits of maize varieties for silage in 2021-2022.

Days to silking Plant height Ear height Rate of ear height Thickness of stem

Varieties (cm) (cm) (cm) (%) (mm)
2021 2022 M 2021 2022 M 2021 2022 M 2021 2022 M 2021 2022 M
Gwangpyeongok 86 75" 81 225 254  240° 109 112 111 482 441 46.1°®* 214 239 227
Jangdaok 84  74™ 79" 217 231 224" 100 101  101° 458  43.6 447 213 24 227"
Cheongdaok 84 74" 79" 223 230 227"* 106 100 103% 475 436 45.6% 219 2557 23.7®
Pyeonggangok 87 73 80™ 221 245 233 94 107 101 427 437 432% 231 268" 25.0°
Yanganok 86 737" 80" 213 238 226™ 123 131 127 58 552 566" 201 2517 22.6°
Daanok 81 707 76%° 199 207 203 o4 102 98 472 491 481° 185 22.5° 20.5%%
Shinhwangok 82 677 75 195 209 202" 93 105 99* 479 502 49.1° 201 248" 225°
Dacheongok 89 747 82* 218 232 225%™ 110 102 10%* 507 44 473% 243 269 256°
Hwangdaok 84 71" 78 163 146 155 72 57 658 442 388 41.5% 203 22.8 21.6%E
Shinhwangok 2 79 65 72° 178 192 185" 82 76 79 458 396 427° 212 229 221
P1543 80 700 75% 218 222 2209 77 81 79% 354 366 36 209 231 22.0%

p value; *<0.05, **<0.01, ***<0.001; indicates significantly different between each year 2021 and 2022, respectively.
Values within a column followed by the same letter are not significantly different between varieties at the 0.01% level by LSD test.

Table 2. The stay—green and resistance of biotic and abiotic stress in maize varieties.

QL Stay-green’ . Damage by insect’ Disease”
Varieties (129) Lodging %) (0~9)
Gwangpyeongok 3t ot 1t 17
Jangdaok 3 (O 2.3 2.3
Cheongdaok 43" 0™ 5° 5°
Pyeonggangok 1° 0™ 1.7 1.7
Yanganok 2.3 0™ 1° 1°
Daanok 3 0" 2.3% 2.3%
Shinhwangok 1.7 0™ 1° 1°
Dacheongok 3% 0™ 1° 1°
Hwangdaok 3 0™ 3.7 3.7
Shinwangok 2 3 o™ 1° 1°
P1543 1.7 0" 1.7 1.7

JStay-green: 1, whole leaf green of plant; 3, 75% leaf green; 5, 50% leaf green; 7, 25% leaf green; 9, whole leaf yellow of plant, ’Rate
of lodging and damage by insect(%), “disease: 0, none; 1, incidence rate less than 1%, 3, 1~10% incidence; 5, 11~20% incidence; 7, 21~40%

incidence; 9, incidence rate over 41%.

Values within a column followed by the same letter are not significantly different between varieties at the 0.01% level by LSD test.
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Table 3. The productivity of maize varieties in 2021-2022.

Yield (kg/ha)

Varieties Dry matter Grain TDN
Mean SD Mean SD Mean SD
Gwangpyeongok 20,750 +395 7,930 £188 14,660 +269
Jangdaok 20,550 £387 7,850" +£169 14,580 +£247
Cheongdaok 18,180 +297 7,160 £154 12,880 +206
Pyeonggangok 22,000 £271 8,700 +65 15,510 +165
Yanganok 19,820 +549 8,670 +145 13,950° 377
Daanok 18,160 +342 7,950 +245 13,120 +236
Shinhwangok 21,4907 +521 9,940 210 15,350 369
Dacheongok 26,370° +505 9,260 £104 18,260 £340
Hwangdaok 12,970¢ +137 5,360 £114 9,070 +58
Shinhwangok 2 17,6907 +301 8,310 +£260 12,900 £223
P1543 19,880 +337 8,840 +£249 14,410 +240

* TDN; total digestible nutrients.
p value; *<0.05, **<0.01, ***<0.001; indicates significantly different between each year 2021 and 2022, respectively. Values within a column
followed by the same letter are not significantly different between varieties at the 0.01% level by LSD test.
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Fig. 3. Normalized response of maize varieties and traits. The color scale follows the level of the individual parameter.
The color gradient from blue to red represents low to high levels of the normalized response. DC; Dacheongok,
HD; Hwangdaok, YA; Yanganok, SH2; Shinhwangok 2, CD; Cheongdaok, DO; Daanok, PK; Pyeonggngok, SH;
Shinhwangok, JD; Jangdaok, KP; Gwngpyeongok, CPE; Crude protein content in ear, CPL; Crude protein content
in leaf, NDFE; NDF in leaf, NDFL; NDF in leaf, ADFE; ADF in ear, ADFL; ADF in leaf, DWE; dry weight in ear,
DWL; dry weight in leaf, TDW; total dry weight, TDN; total digestible nutrition.
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Table 4. The silage quality and yield factors of maize varieties in 2021-2022.

o Crude protein (%) NDF (%) ADF (%) Dry matter (kg/ha) Total TDN
Varieties Ear Stem and Far  Stem and Far  Stem and Ear Stem and  content (%)
leaf leaf leaf leaf

Gwangpyeongok 8.4 6.9 19.7° 70.0° 7.7° 40.2° 8,606 8,193%¢ 71.4ab
Jangdaok 8.9% 8.3" 16.0° 66.0" 59 39.0° 8,792 7,892%¢ 72.9a
Cheongdaok 8.0b™ 7.3% 20.9° 65.8% 8.4 38.3° 7,391° 7,825°%° 71.2ab
Pyeonggangok 8.2%° 6.4 17.2° 63.8° 5.9° 36.6° 8,562  10,722% 72.2ab
Yanganok g.1%d 4.8 21.9° 65.8% 8.5" 37.9° 6,773 7,563 71.1ab
Daanok 8.5%¢ 7.5% 18.0° 66.0° 6.5 37.3° 7,717 7,031 73.1a
Shinhwangok 8.7% 6.5 17.9° 65.8" 6.8° 37.6" 7,578 8,701% 71.8ab
Dacheongok 7.1¢ 5.9% 21.9° 67.3%® 8.9° 39.3 9,500 11,814 69.9ab
Hwangdaok 9.1° 7.3% 17.9° 69.1%° 7.0° 39.0° 6,520 5,084° 73.1a
Shinhwangok?2 7.6 6.5 18.9° 67.3% 6.8° 39.7° 8,186° 6,494 72.9a
P1543 8.6™ 7.3% 17.6" 66.7% 6.5 38.9° 8,821° 7,686™ 72.8ab

Values within a column followed by the same letter are not significantly different between varieties at the 0.01% level by LSD test. NDF;

neutral detergent fiber, ADF; acid detergent fiber.
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Fig. 4. Association studies about correlation and principal components analysis (PCA) between productivity and feed value
factor in maize varieties. A; Correlation analysis, B; PCA analysis. Positive and negative correlations are indicated
by red and blue colors, respectively. CPE; Crude protein content in ear, CPL; Crude protein content in leaf, NDFE;
NDF in leaf, NDFL; NDF in leaf, ADFE; ADF in ear, ADFL; ADF in leaf, DWE; dry weight in ear, DWL; dry weight
in leaf, TDW; total dry weight, TDN; total digestible nutrition.

27Me] 8 Qlow SRISCKFig 4B). el St &
S FRre G 4o TS 2k Zlo] ofde Selsiap]

ugo] O SFL S SN FAIO 7150 Foge]
879l 29| HeAE Ffslolof Siekal Y2k

V. @ ¢of

L= |

ARESAAAILA) ] 7H FR3E Rt WolE AR,
FIVAVI 2 AR S=pkolh, el Wt &
5 7150} vhS s Qo] Qi B A 38 ol
TS 7|50, B3] Bh0] St oA ol Afste] A
BoRA T RS i BES AP 98] 844:9] A8
B4, S W ARINE BASP] 919 SEise L olg
£ A B vl S5 ARKEAIS SidsP] SIet 2ol &
3] 310] JAES| Yupd FEo] e HETE 5ol
ol S58T} ol 99 5S4 AR FHE U 1%
o) ZARRRA 77} - S S450] A ABS Sl
o, AL B310] 5Pk ol Ao} 715 Sl fARE 40
A S 5 1] B5S Agsllth 1 20 5 9 et
%) B4l 943 5o ERIUAT, T B TS
ol 7Fy Aol Male Ao WA, LS 1B}
TDN &3k Z}Z} 26.37 ton/hai} 12.9 ton/ha@® TS EEHTH

HOk, TheOR WS, A9, BBS So| Wl E oy
90 57] Ao] S%ah7] W] Snt ohleh AT
ST T 95tk R ofS Aot g gfo Bik
ot oAl WOl A AMAEE Sgslel TS
of ot Al 1S 7t sk goz Bate] A
S sjgsked] 2 =90] | o= sl

B

1o

I

V. A At

2 = s AR ATARIEAE: L= A
A3 Mg S 2F M At 9 E871E i, SR
PJ015752012023, RS-2021-RD009755)2] A|¢lof| 2J3f o]£ofzl
A olof FA=-YT

VI. REFERENCES

AOAC. 1995. Official method of analysis (15th ed.). Association &
Official Analytical Chemists. Washington DC.

Choi, K.C,, Jo, N.C,, Jung, M.W., Lee, K.D., Kim, J.G., Lim, Y.C., Kim,
W.H,, Oh, Y.K. and Choi, J.H. 2011. Effect of harvest stage of cormn

on nutritive values and quality of roll baled comn silage manufactured

- 222 -



Selection of Maize Varieties Adapted to High Latitude

with corn grown in paddy land. The Korean Society of Grassland
and Forage Science. 31(1):65-74. doi:10.5333/KGFS.2011.31.1.65

Go, Y.S., Ha, J.Y., Bae, HH., Son, J.H., Kang, K.M., Son, B.Y. and
Jung, T.W. 2022. Comparison of growth characteristics and
nutritive value of silage corn hybrids grown at paddy and upland
field. The Korean Society of Grassland and Forage Science.
422(4):249-257.

Holland, C., Kezar, W., Kautz, W.P., Lazowski, E.J., Mahanna, W.C.
and Reinhart, R. 1990 The pioneer forage manual; A nutritional
guide. Pioneer Hi-Bred. Des Moines. IA.

Ji, H.C., Kim, W.H., Lee, S.H., Cho, J.H. and Kwon, O.D. 2011.
Evaluation of agronomic characteristics, forage production and
quality of corn hybrids for silage at paddy field in the middle
region of Korea. The Korean Society of Grassland and Forage
Science. 31(2):127-134.

Kim, D.A., Lee, K.N.,, Shin, D.E., Kiim, J.D. and Han, K.J. 1996.
Effect of planting date on forage yield and quality of corn flour
maturity groups. Journal of Korean Society of Grassland Science.
16(4): 327-337.

Kim, J.G., Li, Y.F, Wei, SN., Jeong, E.C. and Kim, H.J. 2020.
Comparison of the forage quality and productivity according to
varieties and plant parts of imported silage corn (Zea mays L).
The Korean Society of Grassland and Forage Science.
40(2):98-105. doi:10.5333/KGFS.2020.40.2.98

Kim, J.G., Li, Y.W,, Park, H.S. and Kim, J.D. 2017. Comparative
study on the productivity for silage corn (Zea mays L.) variety
certified import adaptability in Pyeongchang area. The Korean
Society of Grassland and Forage Science. 37(2):161-167.
doi:10.5333/KGFS.2017.37.2.161

KREI (Korea Rural Economic Institute). 2022. Trend of agriculture in
North Korea. 24(2):1-167.

Moon, H.G., Son, B.Y., Cha, S.W., Jung, T.W., Lee, Y.H., Seo, J.H,,
Min, HK., Choi, K.J., Huh, C.S. and Kim, S.D. 2001. A new
single cross hybrid for silage “Kwangpyeongok”. Korean Journal

of Breeding Science. 33:350-351.

Na, S.I, Kim, Y.J., Park, CW., So, K.H., Park, JM. and Lee, K.D. 2017.
Evaluation of feed value of IRG in middle region using UAV. Korean
Journal of Soil Science and Fertilizer. 50(5):391-400.

NICS (National Institute of Crop Science). 2010. Information of Korea
n maize variety “Kwangpyeongok”. https://www.nics.go.kr/search/
searchMain.do?kwd=%EA%B4%91%ED%8F%89%EC%98%A5

RDA (Rural Development Administration). 2012. Agricultural science
and technology of analysis based on research. Korea. pp. 315-374.

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S. and Bae, H.H. 2018. Single

cross maize hybrid for silage with lodging tolerance and high

yield, ‘Dacheongok’. Korean Journal of Breeding Science.
50(2):145-149.

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S., Bae, H.H., Park, C.H., Seo,
M.J. and Lee, J.H. 2017. Single cross maize hybrid for grain,
‘Sinhwangok’. Korean Journal of Breeding Science. 49(2):19-112.

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S., Hwan, G.J., Kim S.L.,
Jung, G.H., Kwon, Y.U, Ji, J.H.,, Heo, C.S. and Park, J.Y. 2013.
Growth characteristics and productivity of single cross maize new
hybrid for silage and grain, “Yanganok’. Journal of the Korean
Society of Grassland Science. 33(2):94-99.

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S., Hwang, J.J., Kim, S.L.,
Jung, G.H., Kwon, Y.U., Huh, C.S. and Park, J.Y. 2014. Growth
characteristics and productivity of new single cross maize hybrid
for grain, ‘Singwangok’. The Korean Society of Grassland and
Forage Science. 34(1):21-25. doi:10.5333/KGFS.2014.34.1.21

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S., Hwang, J.J., Kwon, Y.U.,,
Ji, H.J., Huh, C.S. and Park, J.Y. 2012. A new single cross maize
hybrid for grain and silage, ‘Pyeongangok’. The Korean Society of
Grassland and Forage Science. 32(3):203-208. doi:10.5333/KGFS
.2012.32.3.203

Son, B.Y., Baek, S.B., Kim, J.T., Lee, J.S., Ku, J.H., Kwon, Y.U,,
Huh, CS. and Park, JY. 2013. Growth characteristics and
productivity of single cross maize hybrid for grain, ‘Andaok’.
Journal of the Korean Society of Grassland and Forage Science.
33(1):1-5. doi:10.5333/KGFS.2013.33.1.1

Son, B.Y., Kim, J.T., Lee, J.S., Bae, HH. and Go, Y.S. 2022.
‘Sinhwangok2’: A single cross maize hybrid for early-maturing
grain use. Korean Journal of Breeding Science. 54(3):211-214.

Son, B.Y., Kim, J.T., Lee, J.S., Baek, S.B., Kim, W.H. and Kim, H.D.
2010. Comparison of growth characteristics and yield of silage
comn hybrids by different planting dates at paddy and upland field.
The Korean Society of Grassland and Forage Science.
30(3):237-246. doi:10.5333/KGFS.2010.30.3.237

Son, B.Y., Kim, S.L., Jung, T.W., Kim, J.T., Song, S.Y., Kim, CK,
Kim, S.J., Ji, H.J., Huh, C.S. and Park, J.Y. 2009. A new single
cross maize hybrid for silage, “Pyeonganok”. Korean Journal of
Breeding Science. 411(3):310-313.

Son, J.H., Go, Y.S., Bae, HH., Son, B.Y., Shin, S. and Jung, T.W.
2022. Analysis of metabolites expression of corn roots in
waterlogging condition. Journal of Agriculture & Life Science.
56(6):91-100.

UN (United Nations). 2019. The price of rights: The price of one’s
right to live in the Democratic People’s Republic of Korea.
file:///C:/Users/A/Downloads/%EC%9C%A0%EC%97%94(UN)%
20%EB%B6%81%ED%95%9C%20%EA%B2%BDY%EC%A0%9
C%EA%B6%8C%20%EA%B4%80%EB%A0%A8%20%EB%B3

- 223 -



Selection of Maize Varieties Adapted to High Latitude

%B4%EA%B3%A0%EC%84%9C(%EA%B6%8C%EB%A6%AC doi:10.3168/jds.S0022-0302(91)78551-2
%ECY%9D%98 %EB%8C%80%EA%B0%80)(2019) %EA%B5%
AD%EB%AC%B8%20(1).pdf

Van Soest, P.J., Robertson, J.B. and Lewis, B.A. 1991. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in relation
to animal nutrition. Journal of Dairy Science. 74(10): 3583-3597.

Accepted : December 11, 2023)

- 224 -

(Received : October 24, 2023 | Revised :

December 08, 2023 |



