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Table 1. Statistics from data used to create the main stem elongation model from emergence date to R1.

Main Stem Length e O Daylight Hours
(cm) (°C) (h)
Maximum 98.1 1430 373
The third quartile 67.5 1095 242
Median 41.0 885 171
The first quartile 26.6 660 138
Minimum 144 580 48
Average 47.8 891 189
Standard deviation 232 243 78
n 36 36 36
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Table 2. Statistics from data used to create the leaf age model.

ng/flti;i:f:l?er Accumulated Temperature
(Plant™) &)
Maximum 19.6 1620
The third quartile 17.4 1435
Median 14.1 1092
The first quartile 8.4 690
Minimum 54 580
Average 13.1 1081
Standard deviation 43 346

n 53 53

I (EWREZEE L -TIRAREEERZANEE
ROMESZE
1 HEROHE

BRI LR BRI 31T D 2018 4F, 2020 4F, 2021
HFED V6 & Rl THONT=T —& ZfiTI V=,
SIS E O B2 HHEX TR LN L DT,

[

db N
LY



L0 - KM EHRMMRET IV LR L B LT TR A R B A TR L7z m i 7 4 A RER T 5

Wkt T — 2 2t L= (n=55) (Table 3),

Table 3. Study areas used for developing the method used for estimating the main stem length using a

soil-adjusted vegetation index considering vegetation cover.

. Experimental . Standing Crop N Top- Application Number of
Year F;f)ld Area S;))v;il;g Density Dressing of MgO Examination n
(m?) (Plants m?) (gm™) (gm?) Plots
A 650 6.5 13 0.0 0.0 1 2
390 6.5 9 0.0 0.0 1 2
590 6.5 11 0.0 0.0 1 3
2018 B 390 6.5 11 5.0 0.0 1 2
590 6.5 13 5.0 0.0 1 3
400 6.6 6 0.0 0.0 1 3
¢ 270 6.6 9 0.0 0.0 1 2
140 5.26 13 0.0 0.0 2 1
70 5.26 13 0.0 59.4 1 1
A 140 6.15 13 0.0 0.0 2 1
70 6.15 13 0.0 59.4 1 1
210 5.26 13 0.0 0.0 2 1
100 5.26 13 0.0 59.4 1 1
200 D 210 6.15 13 0.0 0.0 2 1
100 6.15 13 0.0 59.4 1 1
210 6.25 13 0.0 0.0 2 1
100 6.25 13 0.0 59.4 1 1
70 6.15 13 0.0 0.0 2 1
. 30 6.15 13 0.0 59.4 1 1
70 6.15 13 0.0 0.0 2 1
F 30 6.15 13 0.0 59.4 1 1
160 5.25 13 0.0 0.0 1 1
001 A 160 6.24 13 0.0 0.0 1 1
460 6.1 13 0.0 0.0 1 1
G 460 6.1 13 0.0 0.0 1 1

n indicates the number of iterations.
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Figure 1. Flowchart showing the protocol for the areal lodging prediction method.
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Figure 2. Relationship between accumulated temperature and daylight hours functions £(7%, D7) and

temperature function (72 and main stem length (lines). Circles indicate the measured data.
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Figure 3. Relationship between the main stem
length at R1 and the peak main stem length.

Circles indicate the measured data, and a line

indicates the regression line.
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Figure 4. Verification of accuracy of the main stem

elongation model. DAE indicates days after

emergence.
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Figure 5. Accumulated air temperature and accumulated daylight hours in the test data for the main

stem elongation model.
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Figure 8. Data used in the development of the method for estimating the main stem length using a soil-

adjusted vegetation index that takes vegetation cover into account. X in the figure indicates the average
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Figure 9. Relationship between vegetation index and the main stem length. Circles indicate the measured

data, and lines indicate the regression lines.

Table 4. Regression formulas and parameters for the main stem length at each vegetation index.

Main Stem Length of the Regression Line

Slope Intercept
- 95%11(;?:2ﬁmce 95%11(121:‘1:1;11ence Formula

Estimate £+ SE Upper Lower Estimate = SE Lower Upper

Limits Limits Limits Limits
SAVI,, 0.78 *** 695 + 51 *** 502 799 141 £ 24 *** 92 19.0  y=69.5x+14.1

NDVI  0.69 *** 120.7 + 11.1 *** 984 1430 -51.5 £ 9.0 *** -694 -335 »=120.7x—515

SAVI  0.62 *** 786 + 85 *** 615 956 131 £ 3.6 *** 58 204  y=78.6x+13.1
MSAVI 0.60 *** 63.1 =+ 7.1 *** 489 773 203 £ 3.0 ** 143 26.3 y=063.1x +20.3
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Table 5. Results of lodging prediction using the areal lodging prediction method.

Date Main Stem Length (cm) kzglg; I(log)
Year Place  Field e Model Model RS Model 1;480?;:11 Model Model
Sowing Emergence Gon V6 Rl V6 RI V6-Rl R6 RS
@ (b (b-a)

2019 Osaki A 5027 6/3 713 713 85 216 835 620 1009 608
D 527 6/3 713 713 85 239 835 597 1009  59.0

A 6/6 6/13 7/19 720 88 257 772 515 956 485

D 6/6 6/13 719 720 88 277 772 494 956 467

A 617 6/24 726 727 811 439 632 192 841 16.7

D 617 6/24 726 727 811 358 632 274 841 216

2022 Osaki A 5725 6/15 711 711 81 342 749 407 937 376
E 525 6/15 711 711 &1 375 749 374 937 348

A /6 716 8/9 89 820 308 464 156 702 10.4

F /6 716 8/9 89 820 305 464 159 702 10.5

Kurihara - 6/23 6/30 7/19 726 810 364 649 285 855 232
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Figure 10. Results of lodging prediction using the areal lodging prediction method. This figure shows field
Ain 2019. The black box in the figure indicates research sites.
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Figure 11. Relationship between the predicted and measured lodging angles. Alphabets beside the plots

indicate field IDs.
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Prediction of Areal Soybean Lodging Using a Main Stem Elongation Model and a Soil-
Adjusted Vegetation Index That Accounts for the Ratio of Vegetation Cover

Tomohiro KONNO and Koki HOMMA

Summary

In soybean, lodging is sometimes caused by strong winds and rains, resulting in a decrease in yield and quality. Technical
measures against lodging include “pinching”, in which the main stem is pruned when excessive growth is expected. However,
there can be a decrease in yield when pinching is undertaken when the risk of lodging is relatively low. Therefore, it is
important that pinching is performed after the future risk of lodging has been determined. The lodging angle at the full
maturity stage (R8) can be explained using a multiple regression model with main stem elongation from the sixth leaf stage
(V6) to the blooming stage (R1) and main stem length at the full seed stage (R6) as the explanatory variables. The objective
of this study was to develop an areal lodging prediction method by combining a main stem elongation model with areal main
stem length estimation using UAV remote sensing. The main stem elongation model from emergence to R1 was a logistic
regression formula with the temperature and daylight hours functions #(7}, D) as the explanatory variables. The main stem
elongation model from R1 to the peak main stem length was a linear regression formula with the main stem length of R1 as
the explanatory variable. The model that synthesized these two regression formulas were used as the main stem elongation
model from emergence to R8. The accuracy of the main stem elongation model was tested on the test data, and the average
RMSE was 5.3. For the areal main stem length estimation by UAV remote sensing, we proposed a soil-adjusted vegetation
index (SAVI,o) that takes vegetation cover into account. SAVIve was more accurate in estimating the main stem length than
the previously reported vegetation index (R2 = 0.78, p < 0.001). The main stem length estimated by the main stem elongation
model combined with SAVIve was substituted into a multiple regression model of lodging angle to test the accuracy of the
areal lodging prediction method. The method was able to predict lodging angles with an accuracy of RMSE = 8.8. These
results suggest that the risk of lodging can be estimated in an areal manner prior to pinching, even though the actual

occurrence is affected by wind.



