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TR A B (AL VAR B 4R 2 SCBURRAE s 418 3 AR A B4l & SCBARAE ) |, 23 S0 1) 32455 17 4 L ( Support
vector machine , SVM) | B J& 42 F} # &I ( Extreme gradient boosting, XGBoost ) F1 £ B 42 F} ¥ % # ( Gradient boosting
decision tree, GDBT) XJ & & 1- )2 SMC #4728, 255K W], 5 20 ~ 40 cm H1 40 ~ 60 cm + J2 VR BEAR 1L, 48 B 48 4L
S HRHEAE 0 ~20 em 2 FE T 5 SMC R B i (Y AH G M . XGBoost B8 Sy SMC Al B30 11 foe A A 7 125, ¢
BEX T 0 ~20 em R o T AN T AL G TE A P8 R A 0. 881, U ARR 22 0. 7% , 1 4 AR X 1 22
3.758% o ARBFFLEEH AR EAR X SMC Jo ML 220035 W 2438 1 I 6y, Sy 7K 43 T 38 5% 10 T8 1B 0 A= 4 1 Dl 37 4 32
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Estimation Model of Soybean Soil Moisture Content Based on
UAYV Spectral Information and Texture Features

LI Zhijun' CHEN Guofu' ZHI Jiawei' XIANG Youzhen' LI Dongmei’ ZHANG Fucang' CHEN Junying'
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas,
Ministry of Education, Northwest A&F University, Yangling, Shaanxi 712100, China
2. College of Landscape Architectureand Art, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Timely acquisition of soil moisture content (SMC) in the root zone of field crops is crucial for
achieving precision irrigation. Drone-based multispectral technology and conducted field experiments over
two consecutive years (2021—2022) were used to collect SMC data at different soil depths during the
soybean flowering stage, as well as corresponding multispectral images from the drone. Vegetation indices
and canopy texture features, which are highly correlated with crop parameters, were established. By
analyzing the correlation between vegetation indices, texture features, and SMC at various soil depths,
parameters with significant correlation coefficients (P <0.05) were selected as input variables for the
model (Combination 1 vegetation indices; Combination 2; texture features; Combination 3 vegetation
indices combined with texture features). Support vector machine ( SVM ), exireme gradient boosting
(XGBoost) , and gradient boosting decision tree ( GDBT) models were used to model SMC at different
soil depths. The results indicated that compared with soil depths of 20 ~ 40 cm and 40 ~ 60 cm,
vegetation indices and texture features exhibited higher correlations with SMC at the 0 ~ 20 cm soil depth.
The XGBoost model was found to be the best modeling method for SMC estimation, particularly for the
0 ~20 cm soil depth. For this depth, the validation set of the estimation model had a determination

coefficient of 0. 881, a root mean square error of 0. 7% , and a mean relative error of 3.758% . The
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research result can provide a foundation for drone-based multispectral monitoring of SMC in the soybean

root zone and offer a reference for rapid assessment of crop growth under water stress conditions.

Key words: soybean; soil moisture content; UAV; multi-spectral ; vegetation index; texture features
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1.1 #RX#ER &R ET

IR T 2021—2022 4F 76 P4 Jb A AR R $7 K 2 5
DX IK AR B 5T BE (34°14'N,108°10°E) # 17, ik 55
DX Ay 3760 fy 52t Al X, 4 OF ¥ K B 632 mm, 7%
A 1500 mm 50 M AR . L5 B S 03
#k(2].

6 SR FH AU 2 X T, A0 45 S [R) #1478 26 4k
FHFURD 30 R SR W o SRS A A 55 (SM) (2810 b
s (FM) SPHOANE 75 (NM) 3 Fhofg 52 403, 16 4h,
WALFE 3 AN %h 70 B AL T . W (o0 A S HE B, V4 ) |
W2 (452 HARENE , R2) #0 W3 (V4 F1 R2 [a] i EE %) |
B9 A AbEE B A 3 Uk, 48 27 AMRE N X
TR HE KB 40 mm, 45 /NK ALK 24 m* (6 m x
4m) BEPLATE . 5350, &/ NXE R E 2 m B 22
X,

& Tl R 45 /I8 Xt B LB OIE 4% 30 kg/hm?, AR
120 kg/hm® i 56 ff AU K SR % (46% N) w0 N
IR (16% P,04) 1 IE b & L4 (62% K,0) .,
FM Zh 3R FH 28 (58 50 em , 5 30 em) B 75 I #1222
W (ZETERIE S35 50 em) Sy 1: 1, SEFPRTE 22, 75
BRI 2 7K E. A5 AP 355 9 000 kg/hm® , % )5
TdWNA/NE R E S, KRS M % E N3 x
10° ¥k/hm* 47 50 em, R #E 10 em, K & 509 F
2021 4F 6 H 18 H 2022 456 H 10 HHEKFF, 315



%9 1

R . AA T ANOGIEE B 5 SO RE % R 5 4 39 B K AN I A AT 5 349
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MS600pro %1 225t 1% AR AL & 3K B2 56 1 3 JB s
ZAHHL B 6 Aotk E, MALEC & 6
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Sk BE (ot P K 555 nm) AT Uk BE (b Uk K
660 nm) ZLiA B 1(H 0K 720 nm) (2130 U B
2( e P K 750 nm) BT 20 A B B (Pl B K
840 nm) ., 7EKE AW (2021 45 8 H 5 H A1 2022 4
8 H 10 H) IE/F 43R, KAWL = F X5
FEX R CAT AL, I AT T R IE . kAT
JEUE R 30 m, SR 2.5 m/s AR TT A HER N
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75% 1 65% .
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BN PR O T A T4 105°CF TS

RS IR B 4 B A KR R LA
(1.41 g/em®) FR 23 HRAT 5 + AR E K%
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(0 22 5035 AR AT PEHE AL 3L, JF AT LA A IE Fl
SRS IE FUAL 3, AL RS (9 TC AL 2001 AR
E5A ENVIS. 3 B 2 BOBTE RO R . g4
I/ N XA G 7R R 3859 6 1 AR
SR S B P J5 8 OG5 (ROT) 15
N R S B AS 14 S 2 S B 6 R S iz IX O
TR AR RAT A W) 5 B A0 DG 1 B S R e o
1.3 HEEEHMEBSEERE
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A1, MR O A T R, B 1S B 28 g A A
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e 21 5% v ) J5 0 4 19 40 5 R AR, U S ) Ak B AT 2248
75 3 5 M AR AR R A USSR HES R .
ENVI 5.3 & gk 47 52 T Z B # % 48 1F 0% i
( Co-occurrence measures ) [ 77 2 3¢ 52 #1 18] 15 S0 B 45
il ( Texture features, TFs) $& W, Xt ¥t £1 4 3% Bt ¥ 17
PRI 8 2 TFs: #{H (MEA) [ J5 22 (VAR) | P}
[ 1 (HOM) (% e B (CON) (A 54 (DIS) ({5 B
(ENT) [ ZBir#i (SEM) FIAHCPE (COR) o Br 353 By
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Tab.1 Vegetation index and its calculation formula

LRGSR R ARK kRS
2 AE PR ZL(DVT) DVI =Ry = Rygp [23]
A A B 48 B (RVI) RVI =Ry /Ry [23]
= AR B (TVD) TVI=0.5[120( Ry, = Rg) —200(Rppp - R) ] [23]
Jiti 3 i 2% 3% 45 £ (MTCI) MTCI = (Ry;p = Rpp )/ (Rpg = Rpgp) [24]
21301 2 3 8 4L ( Clre) Clre = Ryp /Ry =1 [25]
H— L 41 714 {6 45 £ (NDRE) NDRE = (Ryje = Rppp) /(R + Rygp) [24]
R = AR E(MTVI) MTVI=1.2[1.2(Ryr —R;) =2.5(Ryx —R;) | [24]
5 AU AR B 8 B (EVI) EVI=2.5(Ry;g = Rppp )/ (Ryjp +6Rppp =7.5R, +1) [26]
e 5 R\IR 7RRI:'I)
- SR R A B 4R B (SAVI) SAVI=1.5 Rume + Ry +0.5 [27]
Ak - 338 4 5 A% 9 15 £ ( OSAVI) OSAVI=1.16(Ry;, —R;)/(Ry;r +R; +0.16) (28]
2% )4 — AL A B4 %L (GNDVI) GNDVI = (Ry;g =Re)/(Ry +Rg) [29]
A — L AL BEHE B (NDVI) NDVI= (Ryjg = Rpgp) / (Ryjp + Rpgp) [23]
A — L 2 fH R S B (RDVI) RDVI = [ (Ryye = Rypp) /(R + Rygp) 1%7 [30]
23 (0 - 5 R A5 % ( Clgreen) Clgreen = Ry, /R -1 [31]

Tt Rppp R Ry Ry Ry 7350 378 105 B 38 VB0 B 9 4 T O B A 38 3L 20 O B R A 3 ML i 8 B 4 3%
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A ARG AA 2 BOPRARE 41 A 3 Al B AR 5K 020} o g e X NMW3
G4 S BB AE ), B S 43 50 R VM, XGBoost Al 5 I R
K ;o Lo ToEaw
GDBT Xf 4% ¥R B + )z SMC A7 @A, Lk bl de 27 > R o SO
R 2 B Sk [ 23 - 25, XFF XGBoost 5535 , i i3 & VLo
o045 48 R A Al B 0 2 8, 100 AN 55 % 2 98 (n_ % L VN
estimations) , 2= 2] % & 0. 03, iz KW % JF ( max _ 40~60% o ( )2021;)""& i
depth) Jy 5. % F GDBT KA, i i 4k A 4% B W Py
12 14 16 18 20
100, %] B Oy 003, B K IR 0 3. & T
SVM 5 FESTIH T (C) B8 W 4, R 11 3L A S 0-20 o W T A
¥ (y) %55 0.0725, g ! HoVL TS o
i ' v SR
£2 ATERELRETMEKEHRMGT i 250 i B e oo B2
Tab.2 Descriptive statistics of soil moisture H ' . \\.". kR
content in different depths of soybean i \ \"._
0 ~20 em 20 ~40 ¢m 40 ~ 60 ¢m 4060 o H s
5 tn — : — - — - (b) 20224
B IR AL RIES B WIER - A 5 1 e
A 6 s 6 s 6 " BT AN T2 i 7 R0 R MEE A B Y K T Bk

i KAE/ % 22.0 20. 4 20.6 19.4 21.2 19.4
e /IME/ % 13.0 13. 4 11.8 11.7 12.6 12.5
S/ % 18.2 17.2 16.7 15.3 17. 4 16. 4
PRAEZE/ % 2.3 2.2 2.1 2.0 2.2 2.1
BEZRK/% 0.127 0.130 0.129 0.131 0.128 0.131

SR Y B8 AR R SRUIN RS U BE ), 16 R E
Z ¥ ( Determination coefficient, R*) . 3 75 K i% 2%
(Root mean square error, RMSE ) 13 3 AH X} {& &
(Mean relative error,MRE)ﬂéi?{ﬁ*ﬁﬂ%fE{m . H
1R EE 1, RMSE Al MRE #H57E O, 138 W 5 70 41
B RCR B

2 HRES

2.1 AERBLESKELSS

K1 REAKWIE 0 ~60 cm + 18 2 () + 1
FKER NS ) B 36 A B AT LB A M R W, FM
Ao R A L A B 5 A PR O AR R R S A KT
()t TR R, A iF SM Ab BB B R T B B AR K g
1o M7 55 7 M [E B, W2 F1 W3 &b P 4 3 5 7K R

T WL AR P 53150 B b 78 8 I X R T 4 48 1 kR

A —E W o
2.2 HEHWBEBERRRELESKERBLESH

#E%ﬁ%ﬂ&t%ﬂétﬁ%ﬁ%ﬂﬂbﬁﬁ SMC 4 #H 56
PE BT A AR 3 R . 45 R R WA % 25 10 FE 1
TR RO S PR AE 5 45 )2 38 5 KR B AR G M 38 4 )
B FEKF(P<0.05) , Hr k2 +5(0~20cm) 5
FE B 8 E A S0 FRRR AR B9 A OC RECH R TR 2 +
1 (20 ~40 cm F140 ~60 cm) T 55, H A 6 R 5

Fig. 1

pixiil

Distributions of soybean soil moisture under

different mulching methods and supplementary

irrigation treatments
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Tab.3 Correlation coefficients between vegetation index

and texture characteristics and soil moisture content

Lk &k T EWE/ em

SOFRE 0~20 20 ~ 40 40 ~ 60
DVI 0.734" 0.714" 0.708
RVI 0.762 " 0.713" 0.722"
TVI 0.758 * 0.733 " 0.714"
MTCI 0.767 " 0.744 " 0.723"
Clre 0.734" 0.714* 0.708 *
NDRE 0.755" 0.732" 0.718 "
MTVI1 0.699 * 0.678 * 0. 671
EVI 0.744 " 0.701* 0.688 "
SAVI 0.734" 0.711" 0.705 "
OSAVI 0.755 " 0.732" 0.718 "
GNDVI 0.704 " 0.667 * 0.657"
NDVI 0.824* 0.768 * 0.788 "
RDVI 0.801* 0.748 " 0.707 "
Clgreen 0.747 " 0.722" 0.721"
MEA 0.704 " 0.678 " 0. 668 *
VAR 0.678 " 0. 666 0. 655 *
HOM 0.697 0.675" 0.636 "
CON 0.681 " 0.677" 0.671"
DIS 0.687 0.661 " 0.647"
ENT 0. 664 * 0.635 " 0.618"
SEM 0.625" 0.611" 0.608 *
COR 0.667 0.645 " 0.628 "

e RN B (P <0.05),



509 W R . AA T ANOGIEE B 5 SO RE % R 5 4 39 B K AN I A AT 5 351

T 9 B R B AR 20 NDVI Rk 0. 824 AH G 2 %
fi i Y SCHAEAE U O MEA, 2 0704 [R) if % BRAE
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SAVI, OSAVI, GNDVI, NDVI il RDVI; 41 & 2 %
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4 3 4 DVI,RVI, TVI, MTCI, Clre , NDRE , MTVII
EVI, SAVI, OSAVI, GNDVI, NDVI, RDVI, MEA
VAR ,HOM ,CON DIS \ENT SEM #I COR,
2.3 AERETESKEHEMNEBHE

B 2.2 Wit 3 A AR IR A 230
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BRI R 0. 881, RMSE 7 0. 7% ,MRE
3.758% . AN Ak ¥ + 498 5 7K 2 SN ( XGBoost 45
MG HE 3) X E S s .

220 e FBUE & BHERE - -11Zk - 22p e EREEE o PR - -10Zk 22r e AR A IFAE - - 1R
5| HERESE 2l | e S| HEBUE 2
¥=0.917x+0.012 20 1=0.831x+0.027 ¥=0.954x+0.008 -
R*=0.820 R2=0.812 R*=0.859
< 18] RMSE%0.9% 18] RMSE%0.9% < 18 RMSE40.8%
= MRE %3.237% p MRE}4.110% 2 & = MRE %2.283%
= | = | " . |
= 16 = 16 £ - = 16 e ®
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10 12 14 16 18 20 22 10 12 14 18 20 22 10 12 14 16 18 20 22
S/ % S/ % S %
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ez b i gis ~ . e
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R*=0.802 R=0.798 * %;_b 8‘22' ’ . .
| ﬁ%gﬁ%ggﬁ, . & IBIRMSE}09% s 187 RMSEH1.0%
= 4. 4 = N Mg = 4 N -
a | ' %% = | MRE43.978% o 2 | MREH4263% 2
= / LsanES =S i =S IiFgE
141 y=0.861x+0.021 141 ¥=0.909x+0.016 14} y=0.885x+0.017
R2=0.809 i R*=0.795 R*=0.824
12t RMSE }j0.9% 12 L RMSE Jy1.0% 12t RMSE}0.8%
MRE }%j4.594% o MRE.}y4.919% MRE%j4.358%
s L 1 1 ! 1 ] L 1 ! 1 ! ) - & 1 1 | 1 )
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SHNHE/% SMHE /% SN/ %
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22 = - ‘ 2r " s ;
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18} R?=0.861 18F R2=0.837 18F ¥=1.007x+0.003
& °[ RMSE%0.8% & 7| RMSE %0.8% . & [ R=0.874
Z | MRE}N3.327% "2 | VREH4.109% = @ | RMSE#08% o s
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= e S = LTS = GFE RiEE
141 ¥=0.8542+0.026 141 y=0.726x+0.045 141 " ¥=0.808-+0.030
R*=0.852 " R>=0.834 R*=0.881
12f RMSE J50.8% 12 e RMSE %0.09% 12F . RMSE}0.7%
MRE}3.733% - MREJy4.441% MRE%3.758%
10 2 14 16 18 20 22 10 12 14 18 20 2 10 12 14 16 18 20 2
/% SCiE/% S /%
() 4143 ,GDBT (h) 4143 ,5VM (i) 443 ,XCBoost
& 2 T SVM . XGBoost Fil GDBT ) k5 0 ~20 em 4 B & /K i i 45
Fig.2  Prediction results of 0 ~20 c¢m soil moisture content of soybean based on SVM, XGBoost and GDBT
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o BBIE A BITE - - 114 o A o BIFE - = 111 o A A RTHE - =114
227 gpde o 221 g N 221 g o B
¥=0.6812+0.050 . ¥=0.577x+0.073 . P ¥=0.917x+0.012 i
20| R*=0.668 LI 20F R=0.623 e 201 R*=0.713 P
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14 Sk 145 3 AL 14t ORI
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o R2=0.667 A R=0.623 R=0714
2r e o RMSE %71.9% 12r e .- RMSE J71.8% 127 RMSE 4 1.6%
e MRE#9.271% MRE %9.906% . MRE}8.364%
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Fig.3  Prediction results of 20 ~40 cm soil moisture content of soybean based on SVM, XGBoost and GDBT
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