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Prediction of Soybean Growth in the Northern Region based on Growth Data from the
Southern Regions of the Korean Peninsula
Ye Rin Kim', Jong hyuk Kim? and Il Rae Rho®*"

ABSTRACT This study was conducted to determine the sowing limit period and predict growth in the northern region based on
accumulative temperature for each growth stage of soybean cultivated in the southern regions of the Korean Peninsula. First, the
results of a demonstration test in the central region (Yeoncheon) of the Korean Peninsula were very similar to the predicted and
actual values on the date by growth stage obtained through cultivation. This method was then applied to seven agricultural climatic
zones in the northern Korean Peninsula. The results predicted that regardless of ecotype, soybean could be grown and harvested
in the southern and northern parts of Mt. Suyang, south of the East Sea, and in the central and northern inland areas. However, it
was predicted that no ecotype could be grown and harvested normally in the northern alpine region. Furthermore, north of the East
Sea, the prediction indicated that early and mid-maturing cultivars could be grown and harvested normally, but middle-late
maturing cultivars appeared to lack the number of growth days. The sowing limit period also varied depending on the ecotype,
although it was reached earlier as higher latitudes were approached; the period ranged from May 16 to June 26 in the northern and
southern parts of Mt. Suyang, north and south of the East Sea, and central and northern inland areas. Furthermore, all ecotypes of
the northern alpine region, as well as mid-late maturing cultivars in the north of the East Sea, were predicted to be unable to grow
normally owing to the lack of number of days required for soybean growth and development.

Keywords : accumulative temperature, growth prediction, northern region, sowing limit period, soybean
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Table 1. Characteristics of emergence and flowering according to the sowing period for different soybean ecotypes during the
growing season in the Jinju region during 2021-2022.

Sowing date

No. of Emergence rate

Sowing~Emergence

Emergence~V2 stage

Ecotype (temperature) plant (%) AT? ND AT ND
3.24 (9°C) 168 92.9+4.0ac 136.2+19.1a 9.2+0.2a 299+129.7a 22.0+9.9a
4.6 (11°C) 172 92.148.5bc 128.8+21.9ab 7.0£1.0bc 262.9+45.5ab 17.5+3.5ab
Early 4.15  (13°C) 166 91.5+8.2bc 116.2+4.3bc 7.5+1.2b 232.0+31.0b 14.8+1.8b
maturing 428  (15°C) 158 86.9+12.1¢c 114.4+11.8¢ 6.4+0.5¢ 247.4+3.3b 13.8+0.4b
5.18  (20°C>) 154 97.4+2.9ab 94.6+£2.1d 3.9+0.2d 264.9+6.2b 12.8£1.1b
6.10 (20°C) 118 100.0+0.0a 91.0+9.8d 3.3+0.6d 295.3+£0.0a 12.0+£0.0b
3.24 (9°C) 168 88.9+13.4ab 132.6+17.7a 9.4+0.5a 299+129.7ab 22.0£9.9a
4.6 (11°C) 172 97.6+3.7ab 119.1£10.6b 6.5+0.6¢ 262.9+45.5ab 17.5+3.5ab
Middle 4.15  (13°C) 166 89.3+10.1ab 119.3+25.4ab 4.9+0.9d 233.9+28.4b 15.0+1.4b
maturing 428  (15°C) 166 87.7+12.1b 113.5+5.5b 7.4+1.0b 238.1+9.8b 13.3£1.1b
5.18  (20°C>) 170 92.1+16.2ab 112.3+£8.4b 6.2+0.2¢ 255.4+7.3b 13.0£0.0b
6.10 (20°Cs) 118 100.0+0.0a 96.8+£10.0c 3.7+0.6¢ 312.2+0.0a 12.3+£0.4b
3.24 (9°C) 168 91.8+8.3¢ 140.4+16.8a 9.2+0.4a 299+129.7ab 22.0+£9.9a
4.6 (11°C) 171 94.3+4.9bc 127.6+19.2ab 6.9+1.0b 262.9+45.5ab 17.5+3.5ab
Mid-late 4.15  (13°C) 166 91.8+4.2¢ 113.0£13.9b 6.5+0.6bc 233.9+£28.4b 15.0+1.4bc
maturing 428  (15°C) 166 95.3+4.3bc 110.8+5.0b 7.4+1.0b 229.1+3.0b 13.0+0.0bc
5.18  (20°C=) 170 98.6+2.1ab 101.6+20.7bc 4.1£1.3d 223.9+20.6b 12.8+0.4bc
6.10  (20°Cs) 120 100.0+0.0a 91.1£10.0bc 3.3+0.6d 312.24+0.0a 10.8+0.4¢
Sigmificance
Temperature (T) sfeskosk skskok sfeskosk seskok skekok
Ecotype (E) NS NS NS NS NS
T x E NS NS NS NS NS

Values represent mean + standard deviation (n = 3). ?AT and ND, accumulative temperature and number of days, respectively,
required by each growth stage. Different letters denote significant differences at p < 0.05. *, ** and *** denote statistically
significant values at p < 0.05, 0.01, and 0.001, respectively.

Table 2. Number of days and accumulative temperature required according to each growth stage for different soybean ecotypes.

Division Ecotype V2-V3 V3-V6 V6-V9 V9-R2 R2-R5 R5-R8 Sum
Early maturing 186.8+13.9ab 241.7+15.1ns 271.9+43.5ab 185.9+75.0ns 354.7£59.4b 905.1£94.2ns 2,146
AT?  Middle maturing 194.0423.8a  244.3324.7  289.3+43.0a  190.1+80.8  392.7+40.2b  941.9+238.4 2,252
Mid-late maturing 175.5+15.3b  224.1£21.6  231.5+54.8b  217.3£97.0 = 431.9+59.5a 1,077.0£309.0 2,357

Early maturing 10.3£1.7ns 11.7£1.8ns 12.6£2.7ns 8.1£2.9ns 14.5£2.2b 34.9+£3.0c 92

ND  Middle maturing 10.9£1.9 12.0£1.3 13.5+2.8 8.3+3.7 15.3+1.7b 39.6+3.3b 100
Mid-late maturing 9.9+1.1 11.4£1.0 10.9+£3.0 9.4+4.4 17.0+1.4a 47.9+12.6a 106

Values represent mean =+ standard deviation (n = 3). “AT and ND, accumulative temperature and number of days, respectively,
required by each growth stage. Different letters denote significant differences at p < 0.05.

2 o]gste] o239 SPSS Inc., Chicago, IL, USA) Z213-& o]galo] AU¢
H A% 9] A3y o]+ SPSS program (SPSS version 21, v %] EAHEA(one way ANOVA)S AAJSE & Ducan’s
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Fig. 1. Historical monthly and growing season climatic data of the experimental area. Normal season means average climate
data during 2017-2021. *21 JP and ’22 JP, Jinju precipitation in 2021 and 2022, respectively; JNSP, Jinju normal season
precipitation; 21 JT and ’22 JT, Jinju average temperature in 2021 and 2022, respectively; JNST, Jinju normal season
temperature; 22 YCP and 22 YCT, Yeoncheon precipitation and temperature, respectively, in 2022; YNSP and YNST,
Yeoncheon normal season precipitation and average temperature, respectively.
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Fig. 2. Comparison of predicted and actual dates according to growth stage with the cultivation of different soybean ecotypes
in Yeoncheon region. Early, Mid, and Mid-late: early maturing, middle maturing, and mid-late maturing, respectively,
soyabean ecotypes. The solid and dotted lines represent the actual and predicted dates, respectively.
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Fig. 4. Prediction of sowing limit date (A), harvest date (B), and number of days by growth stage (C) for different soybean
ecotypes in seven agricultural climatic zones of North Korea. Early, Middle, and Mid-late: early maturing, middle
maturing, and mid-late maturing, respectively, soybean ecotypes. YC, Yeoncheon; SS, Southern Mt. Suyang; NS,
Northern Mt. Suyang; ES, South of the East Sea; NE, North of the East Sea; CI, Central inland; NI, Northern inland;
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