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Classification of Cultivation Region for Soybean (Glycine max [L.]) in South Korea
Based on 30 Years of Weather Indices

Dong-Kyung Yoon', Jaesung Park®', Jinhee Seo?, Okjae Won?, Man-Soo Choi’, Hyeon Su Lee? and Chaewon Lee’

ABSTRACT A region can be divided into cultivation zones based on homogeneity in weather variables that have the greatest
influence on crop growth and yield. This study classified the cultivation zone of soybean using weather indices as a prior study to
classify the agroclimatic zone of soybean. Meteorological factors affecting soybeans were determined through correlation analysis
over a 10 year period (from 2013 to 2022) using data from the Miryang and Suwon regions collected from the soybean yield trial
database of the Rural Development Administration, Korea and the meteorological database of the Korea Meteorological
Administration. The correlation between growth characteristics and the minimum temperature, daily temperature range, and
precipitation were high during the vegetative growth stages. Moreover, the correlation between yield components and the
maximum temperature, daily temperature range, and precipitation were high during the reproductive growth stages. As a result of
k-means clustering, soybean cultivation zones were divided into three zones. Zone 1 was the central inland region and southern
Gyeonggi-do; Zone 2 was the southern part of the west coast, the southern part of the east coast, and the South Sea; and Zone 3
included parts of eastern Gyeonggi-do, Gangwon-do, and areas with high altitudes. Zone 1, which has a wide latitude range, was
further subdivided into three cultivation zones. The results of this study may provide useful information for estimating
agrometeorological characteristics and predicting the success of soybean cultivation in South Korea.
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Table 1. Growth and yield components of ‘Daewon’ soybean sown on June 20 from 2013 to 2022 in the Miryang and Suwon

regions.
Region
Components Index - t-test P-value
Miryang Suwon
Stem length (cm) 61£16.3 65+15.0 0.829 0.214
Growth Stem diameter (mm) 7.3+0.8 7.0+1.1 -1.121 0.146
components No. of branches 2.9+0.9 3.1+1.2 0.322 0.377
No. of nodes 13.2+0.9 14.4+1.1 4.616* 0.001
No. of pods per plant 45+10.9 62+20.3 2.138% 0.031
Yield and No. of seeds per pod 1.66+0.3 1.73£0.1 0.626 0.273
yield components 100-seed weight (g) 25.3+4.1 25.643.3 0.197 0.424
Yield (kg 10a™) 267+78.9 235+55.2 -0.720 0.245
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Table 2. Correlation between growth components and meteorological factors at the vegetative stages.

Region Index Tavg Tmax Tmin DIF PRE SLH
SL* -0.17 -0.07 -0.21 0.11 -0.24 -0.23
) SD -0.16 0.03 -0.33 0.41 -0.30 -0.08
Miryang
NB 0.24 0.16 0.34 -0.12 -0.44 -0.60
NN -0.29 -0.11 -0.50 0.37 -0.45 0.04
SL -0.27 0.07 -0.51 0.56 -0.17 0.30
SD 0.25 0.24 0.12 0.14 0.31 0.26
Suwon
NB 0.54 0.42 0.59 -0.13 0.51 0.24
NN 0.05 0.40 -0.26 0.67 0.15 0.56

’SL- stem length; SD - stem diameter; NB - number of branches; NN - number of nodes; Tavg - average temperature; Tmax -
highest temperature; Tmin - lowest temperature; DIF - daily temperature range; PRE - precipitation; SLH - sunshine duration

Table 3. Correlation between yield components and meteorological factors at the reproductive stages.

Region Index Tavg Tmax Tmin DIF PRE SLH
PP? 0.05 0.39 -0.04 0.43 -0.34 0.25
. SP 0.16 0.09 0.09 -0.01 -0.18 0.16
Miryang
100W 0.09 -0.14 0.24 -0.41 -0.19 -0.16
Yield -0.24 0.14 -0.32 0.50 -0.37 0.35
PP 0.16 0.15 0.18 -0.02 0.05 -0.01
SP -0.45 -0.72 -0.20 -0.55 0.81 -0.37
Suwon
100W 0.03 -0.36 0.31 -0.68 0.19 -0.59
Yield -0.22 -0.62 0.07 -0.70 0.55 -0.42

‘PP - number of pods per plant; SP - number of seeds per pod; 100W - 100-seed weight; Tavg - average temperature; Tmax -
highest temperature; Tmin - lowest temperature; DIF - daily temperature range; PRE - precipitation; SLH - sunshine hours.
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Fig. 1. Climatic factors for the classification of cultivation zones. A: lowest temperature at vegetative stages, B: daily temperature
range at vegetative stages, C: precipitation at vegetative stages, E: highest temperature at reproductive stages, F: daily
temperature range at reproductive stages, G: precipitation at reproductive stages.
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Fig. 2. Spearman’s correlation heatmap of data from the soybean yield trial database and meteorological factors during the
10-year study period (from 2013 to 2022) in Miryang and Suwon regions. A: growth characteristics and meteorological
factors at vegetative stages in the Miryang region; B: yield components and meteorological factors at reproductive stages
in the Miryang region; C: growth characteristics and meteorological factors at the vegetative stages in the Suwon region;
D: yield components and meteorological factors at reproductive stages in the Suwon region.
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Fig. 3. Average distance to the center point and learning time
during cluster analysis to obtain the k number of
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A B

KX ]

Cultivation zones. A: Zone 1; central inland region and southern Gyeonggi region, B: Zone 2; southern coastal area,
C: Zone 3; Gangwon and high-altitude areas, D: the entire cultivation zone.
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above sea level; TmaxR - highest temperature in the reproductive stage; DIFV — daily temperature range in the vegetative
stage; RainV - precipitation in the vegetative stage; DIFR - daily temperature range in the reproductive stage; RainR -
precipitation in the reproductive stage.
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Table 4. Averages of climatic factors by cultivation zone.
Zone TminV* DIFV PREV TmaxR PRER DIFR
1 19.3 9.3 433 25.9 10.3 477
2 19.9 8.0 445 26.2 9.1 514
3 18.2 9.4 442 24.6 10.1 498

“TminV - lowest temperature in the vegetative stage; DIFV - daily temperature range in the vegetative stage; PREV -
precipitation in the vegetative stage; TmaxR - highest temperature in the reproductive stage; PRER - precipitation in the
reproductive stage; DIFR - daily temperature range in the reproductive stage.

Table 5. Growth and yield components of ‘Daewon’ soybean sown on June 20 from 2019 to 2022 in Yeoncheon, Suwon,

Cheongju, and Jeonju regions.

Region

Index F P-value
Yeoncheon Suwon Cheongju Jeonju

“SL 66+6.3 66+12.0 8245.7 50+10.9 8.23* 0.003
SD 7.5£0.50 8.5+1.19 8.5+0.61 8.6+1.57 0.90 0.471
NB 2.3+1.66 3.4+0.29 3.4+0.52 3.3£1.27 1.01 0.424
NN 13.3£0.63 14.9£0.90 15.5+0.88 12.8+1.05 8.45% 0.003
PP 40+15.3 60+18.2 40+13.2 45+11.5 1.70 0.220
SP 2.0+0.14 1.8+0.17 1.8+0.06 1.6+1.08 0.30 0.823

100W 26.3+£2.86 27.9+3.47 29.7+3.86 27.5+4.08 0.59 0.632

Yield 290+79.9 286+42.2 304+77.5 210+25.4 1.92 0.181

“SL - stem length; SD - stem diameter; NB - number of branches; NN - number of nodes; PP - number of pods per plant;

SP - number of seeds per pod; 100W - 100-seed weight.
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Table 6. Correlation between growth components and meteorological factors every June from 2013 to 2022.

Region Index Tavg6 Tmax6 Tmin6 DIF6 PRE6 SLH6
SL* -0.33 0.09 -0.38 0.34 0.21 0.14
. SD -0.24 0.36 -0.52 0.65 0.06 0.23
Miryang
NB 0.00 -0.19 0.23 -0.30 -0.29 -0.57
NN -0.85 -0.30 -0.89 0.43 -0.23 -0.01
SL -0.21 -0.25 -0.23 0.03 0.28 -0.04
SD -0.19 0.06 -0.35 0.31 0.25 0.21
Suwon
NB 0.47 0.20 0.39 -0.19 -0.04 -0.17
NN -0.44 0.27 -0.70 0.70 -0.29 0.51

“SL - stem length; SD - stem diameter; NB - number of branches; NN — number of nodes; Tavgé - average temperature in June;
Tmax6 - highest temperature in June; Tmin6 - lowest temperature in June; DIF6 - daily temperature range in June; PRE6 -

precipitation in June; SLH6 - sunshine hours in June.

Table 7. Correlation between growth components and meteorological factors every June from 2013 to 2022.

Region Index Tavg7 Tmax7 Tmin7 DIF7 PRE7 SLH7
SL* -0.06 -0.12 -0.03 -0.20 -0.46 -0.46
. SD -0.09 -0.10 -0.09 -0.10 -0.44 -0.32
Miryang
NB 0.27 0.24 0.28 0.15 -0.37 -0.33
NN -0.01 -0.01 -0.07 0.06 -0.43 0.07
SL -0.20 -0.26 -0.07 -0.31 0.27 -0.47
SD -0.13 -0.16 -0.08 -0.15 0.40 -0.16
Suwon
NB -0.20 -0.29 0.05 -0.50 0.28 -0.62
NN 0.08 0.18 0.01 0.25 -0.04 0.04

’SL - stem length; SD - stem diameter; NB - number of branches; NN - number of nodes; Tavg7 - average temperature in July;
Tmax7 - highest temperature in July; Tmin7 - lowest temperature in July; DIF7 - daily temperature range in July; PRE7 -

precipitation in July; SLH7 - sunshine hours in July.
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Fig. 7. Segmentation of the cultivation zone in the central region. A: Zone 1-1, Jeollabuk-do, southern Gyeongsangbuk-do, and

northern Gyeongsangnam-do; B: Zone 1-2, Gyeonggi-do and parts of Chungcheong-do; C: Zone 1-3, Chungcheong-do
and northern Gyeongsangbuk-do; D: the entire cultivation zone of the central region.
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Fig. 8. Box plots of climatic factors by cultivation zone of the central region. 1: Zone 1-1, 2: Zone 1-2, 3: Zone 1-3. “Tavg6 -

average temperature in June; Height - height above sea level; Sunh7 - sunshine hours in July; Tmin6 - lowest temperature
in June; Rain7 - precipitation in July; DIF6 - daily temperature range in June.
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Table 8. Averages of climatic factors by cultivation zone in the central region.

Zone Tavg6” Tmin6 DIF6 PRE7 SLH7
1-1 19.3 9.3 433 25.9 10.3
1-2 19.9 8.0 445 26.2 9.1
1-3 18.2 9.4 442 24.6 10.1

“Tavg6 - average temperature in June; Tmin6 - lowest temperature in June; DIF6 - daily temperature range in June; PRE7 -

precipitation in July; SLH7 - sunshine hours in July.
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Fig. 9. Soybean cultivation zones in South Korea. A: northern
central region; B: central region; C: southern central
region; D: southern coastal area, E: Gangwon and
high-altitude region.
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