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ABSTRACT

Rice flour varieties have been developed to replace wheat, and consumption of rice flour has
been encouraged. damage related to pre-harvest sprouting was occurring due to a weather
disaster during the ripening period. Thus, it is necessary to develop pre-harvest sprouting rate
prediction system to minimize damage for pre-harvest sprouting. Rice cultivation experiments
from 2017 to 2019 were conducted with three rice flour varieties at six regions in
Gangwon-do, Chungcheongbuk-do, and Gyeongsangbuk-do. Survey components were the
heading date and pre-harvest sprouting at the harvest date. The weather data were collected
daily mean temperature, relative humidity, and rainfall using Automated Synoptic Observing

@ @& | * Corresponding Author : Jae-Hyeok Jeong
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System (ASOS) with the same region name. Gradient Boosting Machine (GBM) which is a
machine learning model, was used to predict the pre-harvest sprouting rate, and the training
input variables were mean temperature, relative humidity, and total rainfall. Also, the
experiment for the period from days after the heading date (DAH) to the subsequent period
(DA2H) was conducted to establish the period related to pre-harvest sprouting. The data were
divided into training-set and vali-set for calibration of period related to pre-harvest sprouting,
and test-set for validation. The result for training-set and vali-set showed the highest score
for a period of 22 DAH and 24 DA2H. The result for test-set tended to overpredict
pre-harvest sprouting rate on a section smaller than 3.0%. However, the result showed a high
prediction performance (R*=0.76). Therefore, it is expected that the pre-harvest sprouting rate
could be able to easily predict with weather components for a specific period using machine

learning.

Key words: Pre-harvest sprouting rate, Machine learning, Rice, Weather components, Prediction
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Table 1. Transplanting dates by year, variety, and region

. . Transplanting date (m.d) . . Transplanting date (m.d)
Region Variety o017 2018 2019 Region Variety o017 2018 2019
510 510 520 520 510 520

Seolgaeng 520 520 530 Seolgaeng 330 320 530
(Mid-late) 530 530  6.10 610 530  6.10

610 610 620 620 610 620

510 510 520 520 510 520

Hangaru 520 520 530 530 520 530
Chuncheon (Mid-glate) 530 530  6.10 Boeun Hangaru 00 530 6.10
610 610 620 620 610 620

510 510 520 520 510 520

Shingil 520 520  5.30 Shingil 33 320 530
(Medium) 530 530  6.10 610 530  6.10

610 610 620 620 610 620

510 430  5.10 520 520 530

Seolgaeng 320 10 520 Seolgaeng 30 330 610

530 520 530 610 610 620

610 530 610 620 620 630

510 430  5.10 520 520 530

520 510 520 530 530  6.10

Cheorwon Hangaru 530 590 530 Daegu Hangaru 6.10 6.10 6.20
610 530  6.10 620 620 630

510 430  5.10 520 520 530

o 520 510 520 o 530 530  6.10

Shingil 530 520 530 Shingil 10 610 620

610 530  6.10 620 620 630

520 520 530 520 520 530

Seolgaeng 330 330 610 Seolgaeng 330 330 610

610 610 620 610 610 620

620 620 630 620 620 630

520 520 530 520 520 530

Cheongiu  Hangara 530 330 610 Andong Hangara S0 330 610
610 610 620 610 610 620

620 620 630 620 620 630

520 520 530 520 520 530

Shngl 33 330 610 Shingtl 33 330 610

6.10 6.10 6.20 6.10 6.10 6.20
6.20 6.20 6.30 6.20 6.20 6.30
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Fig. 1. Daily mean temperatures at Cheongju weather station from 2017 to 2019.

Table 2. The mean temperature, relative humidity, and total rainfall during September and October by region

Weather component Year Chuncheon Cheorwon Cheongju Boeun Daegu Andong
2017 16.6 15.7 18.6 16.1 18.8 17.3
Mean t(i‘g‘;’eramre 2018 15.2 143 17.3 14.9 17.7 16.1
2019 18.0 16.8 19.7 17.4 19.7 18.0
. N 2017 79.0 70.7 62.2 79.9 69.8 77.1
Mean Rel"tﬁ‘/:’; humidity 5018 76.3 76.7 65.4 78.2 66.9 772
2019 77.2 83.7 69.1 80.8 74.9 77.2
_ 2017 86.0 37.4 107.3 151.5 154.3 170.6
T"taimlz‘l’;“fan 2018 197.4 130.2 319.0 247.5 274.6 202.5
2019 192.9 229.9 239.4 286.8 340.9 289.4
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Table 3. The pre-harvest sprouting rate and heading date by region, variety, and transplanting date

. . . Heading date (m.d) Pre-harvest sprouting rate (%)
Region Variety Transplanting date 2017 2018 2019 2017 2018 2019
Ist 8.21 8.17 8.22 6.2 3.0 3.9

Seolgaeng 2nd 8.27 8.23 8.29 5.5 1.3 3.5

3rd 9.01 8.24 9.03 2.7 0.7 3.7

4th 9.05 8.31 9.06 1.4 0.7 3.0

Ist 8.08 8.11 8.18 1.8 4.8 3.7

2nd 8.14 8.13 8.22 3.6 2.2 1.9

Chuncheon - Hangaru 3rd 8.21 8.15 8.28 11 1.5 1.3

4th 8.26 8.25 9.01 1.1 0.3 1.3

Ist 8.06 8.01 8.16 4.0 11.3 2.9

Shingil 2nd 8.10 8.06 8.20 6.9 7.3 1.7

3rd 8.15 8.12 8.25 6.5 3.8 1.1

4th 8.18 8.22 8.30 2.6 1.3 0.4

Ist 8.16 8.16 8.12 24 1.0 3.1

Seolgaeng 2nd 8.18 8.16 8.20 2.2 1.3 1.8

3rd 8.22 8.17 8.26 0.8 0.3 0.8

4th 8.25 8.25 9.02 0.3 0.2 0.2

Ist 8.15 8.15 8.10 2.0 0.3 0.7

Cheorwon  Hangaru 2nd 8.18 8.15 8.16 2.4 1.5 1.7
3rd 8.22 8.16 8.22 0.9 1.2 0.6

4th 8.24 8.19 8.29 1.0 0.2 0.0

Ist 8.13 8.02 8.06 3.3 7.5 4.9

Shingil 2nd 8.15 8.03 8.11 3.0 6.3 2.9

3rd 8.17 8.08 8.19 2.3 5.0 0.6

4th 8.20 8.12 8.28 1.6 3.5 0.5

Ist 8.19 8.16 8.16 0.0 0.7 0.0

Seolgaeng 2nd 8.25 8.18 8.24 1.0 1.0 1.8

3rd 8.28 8.20 8.29 23 23 3.8

4th 9.03 8.31 9.02 2.3 0.0 2.5

Ist 8.10 8.07 8.11 43 10.3 53

Cheongju  Hangaru 2nd 8.21 8.11 8.17 4.7 3.0 3.3
3rd 8.24 8.19 8.24 43 1.3 4.7

4th 8.28 8.25 9.01 2.0 1.3 1.4

Ist 8.13 8.09 8.16 0.7 1.0 0.5

Shingil 2nd 8.18 8.13 8.27 0.0 43 0.3

3rd 8.24 8.20 9.05 1.7 0.0 1.5

4th 9.04 8.26 9.13 0.3 0.0 2.7

Ist 8.16 8.05 8.13 1.3 3.3 1.0

Seolgaeng 2nd 8.23 8.11 8.16 3.0 2.3 3.7

3rd 8.27 8.15 8.23 3.0 0.7 1.3

4th 8.31 8.23 8.29 0.0 0.7 2.0

Ist 8.05 8.01 8.07 2.3 24.0 5.0

Boeun Hangaru 2nd 8.17 8.05 8.11 1.3 8.7 6.7
3rd 8.23 8.09 8.18 1.7 2.7 2.9

4th 8.26 8.18 8.24 1.3 2.0 2.7

Ist 8.08 8.01 8.09 0.3 1.7 1.3

Shingil 2nd 8.16 8.06 8.14 0.3 0.3 0.3

3rd 8.23 8.10 8.24 0.3 0.7 0.7

4th 8.31 8.21 9.04 1.7 0.0 1.9
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Heading date (m.d)

Pre-harvest sprouting rate (%)

Region Variety Transplanting date

2017 2018 2019 2017 2018 2019

Ist 8.14 8.07 8.16 3.7 3.6 3.5

Seolzaeng 2nd 8.20 8.15 8.19 2.5 1.2 2.8

3rd 8.24 8.22 8.25 2.0 3.6 1.1

4th 8.26 8.25 8.31 6.1 3.4 3.2

Ist 8.04 8.02 8.13 5.8 6.7 8.2

Daegu Hangaru 2nd 8.14 8.08 8.16 1.2 7.0 3.0

3rd 8.18 8.16 8.20 8.5 5.1 1.9

4th 8.23 8.21 8.27 4.5 3.9 4.5

Ist 8.08 8.05 8.17 0.0 0.3 1.3

Shingil 2nd 8.14 8.10 8.21 0.2 0.1 0.4

3rd 8.19 8.18 9.01 0.0 0.0 0.3

4th 8.26 8.29 9.07 0.0 0.0 0.7

Ist 8.18 8.06 8.17 6.8 3.7 8.2

Seolgaeng 2nd 8.22 8.18 8.21 9.7 0.6 3.2

3rd 8.26 8.25 8.30 5.7 9.7 5.1

4th 8.29 8.31 9.05 7.1 9.5 4.4

Ist 8.07 8.03 8.15 8.8 7.4 20.1

Andong  Hangaru 2nd 8.18 8.10 8.20 10.4 3.5 13.1

3rd 8.23 8.23 8.27 6.8 5.1 7.9

4th 8.26 8.28 9.03 5.1 1.3 7.0

Ist 8.14 8.06 8.20 1.0 2.5 52

Shingil 2nd 8.18 8.12 8.24 0.6 0.4 1.1

3rd 8.23 8.25 9.03 0.1 0.0 4.9

4th 9.02 9.03 9.11 0.7 0.1 3.3
*1st: first transplanting date, 2nd: second transplanting date, 3rd: third transplanting date, 4th: Fourth transplanting

date.
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Park et al., 2013).
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Table 4. The sum of scores for training-set and vali-set by days after the heading date(DAH) and days after
DAH(DA2H)

DAH
15 16 17 18 19 20 21 22 23 24 25
1.266 0996 1267 1264 1.113 1.290 1360 1.469  1.273 1.142  1.128

DA2H

—

2 1.182  1.123 1.307 1361 0970  1.335 1.451 1.409 1.118 1347  0.738
3 1.309 1.234  0.637 1.251 1.107 1417 1.441 0977 1280 1.242 1.175
4 1.359 1206 0933 1.179 1397 1433 1245 1246 1.233 1.232  1.220
5 1.263 0.816 1336 1311 1.181 1.356 1427 1399 1378 1311 1.298
6 1.391 1.043 1.433 0982 1.174 1210 1.470 1.343 1.419 1472 1456
7 1342 1.235  0.681 1.203 1.264 1384 1450 139  1.273 1.409 1315
8 1.201 1.417  1.063 1.153 1.429 1452 1478 1444 1365 1.229  1.196
9 1.463 1.310  1.177  1.363 1.382 1379  1.523 1.392 1416 1297  1.281
10 1.434 1308 1.492 1491 1416 1477 1536 1.192 1.175 1349 1.187
11 1.220  1.353 1.440  1.134  1.505 1.447 1482  1.151 1.130  1.397  1.387
12 1.427 1464 1455 1292 1468 1448 1.371 1.163 1379 1427 1317
13 1.473 1.429 1323 1.433 1.460 1409 1297 1.385 1.394  1.365 1.185
14 1.226  1.178  1.111 1.441 1.392 1383 1384 1308 1.244 1314 1.194
15 1.468 1456 1359 1418 1506 1456 1469 1381 1.346 1266  1.277
16 1.532  1.388  1.453 1.380 1.407 1.496 1427 1.168 1366 1.108  1.149
17 1.419  1.423 1.561 1410 1454 1368 1477 1.116 1328 1.489 1.391
18 1.327  1.557  1.505 1.460 1432 1.196 1.171 1.376  1.098 1378  1.385
19 1.307  1.559 1510 1379 1384 1486  1.221 1.428 1456  1.407  1.500
20 1.578  1.443 1.345 1394  1.485 1.484  1.263 1.536  1.410  1.453 1.442
21 1.490 1.268  1.491 1.354 1423 1.470 1462 1418  1.365 1.487 1478
22 1.412  1.463 1.428 1.375 1.447 1476  1.481 1.344 1494 1390 1414
23 1.534 1426 1.371 1.442  1.495 1.575 1.368 1.516 1498 1374 1475
24 1.526  1.374  1.487 1386  1.435 1.446  1.495 1.584 1440 1450 0.935
25 1.480  1.449  1.401 1.478  1.502  1.541 1.489  1.522 1440 1306  1.400

Table 5. Feature importance for predicting pre-harvest sprouting rate based on Gradient Boosted

Machines(GBM)
Mean relative Humidity (%) Mean Temperature (°C) Total rainfall (mm) Region  Variety
0.088 0.243 0.236 0.188 0.245

o] #A Uehew, I Foll= FasRut F5 A o7 £ #do] ke Aot dAIs e H(Im er

57} 7P =90t 7 WS s g A S5 al., 2019; Park and Kim, 2009; Park and Park, 1984),
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¥ 2 Q8 RS =S Uk 0w Heker

o FRES YepRl] o) BE A SRS 7] Al ok wigss 7k Ajefulct Zo} wia) 2A
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