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Abstract: [Objective] Develop a method to improve the potato (Solanum tuberosum) leaf area index (LAI)
estimation accuracy using the UAV multiple spectral wavebands and texture information. [ Method] The DJI
P4M drone was used to collect multispectral images of the southern winter potato at seedling period, budding
period and tuber swelling period from February to April 2021. LAI data were measured by LAI-2000 canopy
analyzer. The spectral and texture characteristics of images were extracted. The correlations between vegetation
index, texture characteristics and LAI were analyzed. The selected characteristic variables were analyzed based
on subset of adjusted R’,4;. The principal component analysis was used to fuse spectrum and texture features, and
the principal component analysis-multiple linear regression (PCA-MLR) model was used to estimate potato
LAIL [Result] From the seedling period to the tuber swelling period, the PCA-MLR estimation model was

better than texture multiple linear regression (T-MLR) and vegetation index multiple linear regression (VI-MLR)
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model, with R* of 0.73, 0.59 and 0.66 respectively. [Conclusion] This study proposed a method of PCA-MLR

to estimate the potato LAI and improve the levels of the potato growth monitoring and field management.
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Fig.1 Box plot of the measured LAI value (a) and measured spectral curve (b)
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Table1 Band information of DJI P4M multispectral
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. g mm  PEKTEE/mm
Band Center Wavelength
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2130 9% B Red edge band 730 32
AW V22 840 52

Near-infrared band
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Table 2 Multispectral vegetation index

TR % . SCHRAUE
§ AR ,
Vegetation . Literature
. Calculating formula
index source

NDVI NDVI= (NIR-Red)/ [15]
(NIR-Red)

GNDVI GNDVI=(NIR-Green)/ [16]
(NIR—-Green)

NDRE NDRE=(NIR-Rededge)/ [17]
(NIR+Rededge)

LCI LCI=(NIR—Rededge)/ [18]
(NIR+Red)

OSAVI OSAVI=(NIR-Red)/ [19]
(NIR+Red+0.16)

DVI DVI=NIR-Red [20]

DVI_GRE DVI_GRE=NIR-Green

DVI_EDG DVI_EDG=NIR-Rededge

RVI RVI=NIR/Red [21]

RVI_GRE RVI_GRE=NIR/Green

RVI_EDG RVI_EDG=NIR/Rededge

RDVI RDVI=(NDVI)"” [22]

RDVI_GRE RDVI=(GNDVI)"

RDVI_EDG RDVI_EDG=(NDRE)"?

G G=Green

R R=Red

EDG EDG=Rededge

NIR NIR=NIR

1) Green,Red . Rededge#=NIR 4 7| & 74k 40 4L R4
Ik B A
1) Green, Red, Rededge and NIR represent the reflectance of

green, red, red edge and near-infrared bands respectively
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Fig. 3 Comparison of potato planting area before and after potato extraction
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Table 3 Absolute value of correlation coefficient between
spectral feature and LAI

R4 GUIBHTES LAI BOFE X R HE ()

Table 4 Absolute value of correlation coefficient (|r|)
between texture feature and LAI

ERIEER 4 I BREE K
Vegetation Seedling Budding  Tuber swelling
index period period period
Green 0.49 0.46 0.30
Red 0.73 0.58 0.64
Rededge 0.30 0.48 0.15
NIR 0.43 0.61 0.24
NDVI 0.77 0.76 0.73
GNDVI 0.66 0.70 0.65
NDRE 0.53 0.63 0.30
OSAVI 0.69 0.70 0.66
LCI 0.58 0.66 0.33
RVI 0.76 0.79 0.73
RVI_GRE 0.54 0.64 0.54
RVI_EDG 0.67 0.74 0.24
DVI 0.54 0.64 0.35
DVI_GRE 0.50 0.65 0.32
GVI_REDED 0.51 0.70 0.30
RDVI 0.77 0.76 0.73
RDVI_GRE 0.66 0.69 0.54
RDVI_EDG 0.52 0.62 0.30

THEBIR R i« R RMSE. tH & 4 SRR 4E v] Ji,
4R 48 B B 48 %, 7240 A
RDVI. RVI_GRE. Red. RDVI_EDG. GVI_EDG.
LCI f1 GNDVI, {EH#E H]5 RDVI. NDRE, LCI,
GNDVI 1 Green, fE5 22 K4 NDVI, OSAVI.
RVI_EDG. LCI. NIR Fl GNDVI. % ) B4 1E
HEE AR br, 4 WA b2 Hom.,
b2 Dis. bl _Mean Ml b3 Contr, /I E HE
b3 Mean. b4 Cor Al b5 Mean, TEHR L KHH
b3 Mean. b5 Mean. b5 Hom. b3 _Hom. b3 _En Fl
b1 Mean( 5).

FIH PCA J7 V2 0] AELA 45 BRSO Re AE BEAT [
Y, ¥ RIFDTHERE KT 99% I 77 R I B R 4645
B Mg 3 NETMERAETERS N 6.3 fila Ay, BT
PCA F 7 %2 ju2k P [l )4 (Principal component
analysis-multiple linear regression, PCA-MLR) Z 1,
I 5 GERFE £ J6 A1 )3 (Texture multiple linear
regression, T-MLR). T #4541 % Jt [0l )1 (Vegetation
index multiple linear regression, VI-MLR) f# 3 17

LM UKL
Growth period Texture feature 4
R b1_Contr 0.57
Seedling period bl _Hom 0.63
b2 Cor 0.58
b2 Mean 0.42
b3 Dis 0.55
b3 _En 0.44
b3 Mean 0.30
b3 Var 0.38
b4 Cor 0.56
b5 Mean 0.56
W b1_Contr 0.53
Budding period b1 _En 0.50
bl Mean 0.36
b2 Cor 0.46
b2 Con 0.57
b2 Dis 0.52
b2 En 0.65
b3 Mean 0.49
b4 _Cor 0.62
b5 Mean 0.54
I E S PN b1 Mean 0.63
Tuber swelling period b2 Var 0.24
b3 _Com 0.53
b3 _En 0.47
b3 Hom 0.43
b3_Sm 0.62
b3 Mean 0.69
b4 Hom 0.63
b5 Mean 0.45
b5 Hom 0.53

1)b1.b2.b3 . b4Feb5 5 AR A IE Bk 4L 4nid UL B
1) b1, b2, b3, b4 and b5 represent blue, green, red, red edge

and near-infrared bands respectively

P EERER 3 MAFAEFIHN, PCA-MLR
B RRE B o R, 4TI B S B 2K K
R* 3% 0.73. 0.59 F1 0.66, RMSE 4 5l N
0.426. 0.540 H10.432, BAFEE MEALLF, H R® A
R #5851, RMSE BLEFEMIC (35 5).
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Fig. 4 Importance of spectral features based on Rzadj full subset regression optimization

Vegetation index

a: g b: I EEEN N ]

a: Seedling period 071 b: Budding period 82(5) c: Tuber swelling period
0.35}
0.30 |
0.25}
0.20 |
0.15
0.10 }
. 0. 05 -
O g o o ot & 0&0 R\
s b\/‘h b"a/o b‘J)I\ bﬂﬁy\ La v“j\ ORI o @}X b&‘\
LOHRHIE SRR SUHIE
Texture feature Texture feature Texture feature

b1, b2, b3, b4 F b5 73 HURREE . 5. 4L, 2038, LM
b1, b2, b3, b4 and b5 represent blue, green, red, red edge and near-infrared bands respectively

El5 ET R,y &THREEMENSIRFHEEERE

Fig. 5 Importance of texture features based on Rzadj full subset regression optimization

*5 DRESLEEH LAl HEZRLEE"

Table 5 Comparison of LAI estimation modeling for potatoes at different growth stages

LEH B R RT3 > R..  RMSE LA ] AR
Growth Period Independent variable Modeling method adj Optimized regression model
Y RDVI. RVI_GRE. Red. VI-MLR 0.647  0.587  0.490
Seedling period RDVI EDG. GVI_EDG. LCI
GNDVI
b2 Hom. b2 Dis. T-MLR 0.637 0.581 0.511
bl _Mean. b3_Contr
PCl. PC2. PC3. PC4. PC5. PCA-MLR 0.739 0.674 0.426  LAI=PC6x4.16+PC4x0.27+
PC6 PC2x0.89-PC1x0.19—
PC3x3.06—-PC5x3.17+0.9
I RDVI. NDRE. LCI. GNDVI. VI-MLR 0.483 0.470 0.571
Budding period ~ Green
b3 Mean. b4 Cor. b5 Mean T-MLR 0.465 0.417 0.609
PC1. PC2. PC3 PCA-MLR 0.592 0.558 0.542  LAI=PC3x1.17-PC2x0.84—
PC1x0.11+0.34
N N NDVI. OSAVI. RVI EDG. VI-MLR 0.608 0539  0.540
Tuber swelling ~ LCI. NIR. GNDVI
period b3 Mean. b5 Mean. b5 Hom. T-MLR 0.594 0561  0.536
b3 Hom. b3 En. b1 Mean
PCl. PC2. PC3. PC4 PCA-MLR 0.659 0.592 0.432  LAI=PC1x0.53+PC2x0.26—

PC3x(0.72—-PC4x0.15-0.08

1)PC1~PCO& =% B 89 £ A% 2
1)PC1-PC6 represent the corresponding principal components respectively
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Fig. 7 Estimated and measured values of LAI of potato at different growth stages
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Table 6 Statistical results of LAI of each treatment plot in fertilization experiment

Ji B 2 1Y i WEH BUEEH SRR
Type of ferilization Seedling  Budding Tuber swelling
Treatment
experiment period period period
JIEAHEER - i 8 X6 A UL+ AL 2.90 4.95 5.67
Fertilizer joint Commonly used organic fertilizer + conventional chemical
screening fertilizer
experiment B A YR R AE A LR+ SR v 2 AR 291 5.08 5.63
Life source fulvic acid bio-organic fertilizer + slow-release high
potassium fertilizer
TR BAEMA FUIE+ SR = B 2.99 5.05 5.46
Waltian bio-organic fertilizer + slow-release high potassium
fertilizer
ROR HAYH HUIE Waltian bio-organic fertilizer 2.82 4.78 5.00
AN E No fertilization 2.81 4.61 4.75
A A IR B R A A LI 2.88 4.79 4.72
Life source fulvic acid bio-organic fertilizer
¥J){H Mean 2.89 4.88 5.21
FUIE 7> 3935t 25%HEIE+T75%IE A 1.37 4.09 4.68
Nitrogen fertilizer 25% basic fertilization+75% additional fertilization
application experiment  50%7EJE+50% 18 Al 1.36 4.12 4.40
by stages 50% basic fertilization+50% additional fertilization
100%%: JE+LI8 T 1.36 4.11 4.44
100% basic fertilization+no additional fertilization
ANHEHE No fertilization 1.33 4.03 4.25
TEHEE+100%E AR 1.55 4.24 4.69
No basic fertilization+100% additional fertilization
75%HEME+25%1B JIE 1.45 4.16 4.92
75% basic fertilization+25% additional fertilization
¥J{H Mean 1.4 4.13 4.56
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