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Abstract; Timely acquisition of soil moisture content ( SMC) of edible roses is crucial for achieving
precision irrigation. Unmanned aerial vehicle (UAV) multispectral technology was adopted, and through
field experiments, SMC data at different soil depths and corresponding UAV multispectral images were
collected during the flowering period of edible roses, with vegetation indices and texture features having
strong correlations with crop parameters established. Grey relational analysis (GRA) was used to evaluate
the influence degree of vegetation indices and texture features on SMC at each soil depth, and parameters
with significantly correlated coefficients to SMC at each depth were selected as model input variables
( Combination 1 vegetation indices; Combination 2 ; texture features; Combination 3; vegetation indices
and texture features). Random forest ( RF), extreme gradient boosting ( XGBoost), and gradient

boosting decision tree (GBDT) models were employed to model SMC at each soil depth respectively. The
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results showed that the inversion effect of the 0 ~ 10 c¢m soil layer was overall better than that of the 10 ~

20 cm and 20 ~30 cm soil layers, the mean coefficient of determination (R®) of the validation sets of

each model for the 0 ~10 cm layer was 0. 12 ~0. 21 higher than that of the deeper soil layers, while the

root mean square error ( RMSE) and mean relative error (MRE) were reduced by 0. 8 ~ 1.5 percentage

points and 3 ~5 percentage points respectively. At the optimal soil depth of 0 ~10 ¢m, the GBDT model
with Combination 3 as input performed the best, with R* =0.836 3, RMSE of 1.28% , and MRE of
5.06% , which was superior to the RF and XGBoost models. Finally, the SHapley Additive exPlanations

(SHAP) analysis method was used to reveal the importance of spectral vegetation indices ( SVI) and

mean (MEA) in constructing the prediction model and clarify the influence of the top-ranked SHAP

values, and the results can provide a basis for UAV multispectral monitoring of SMC in edible roses and

a reference for the rapid evaluation of crop growth under the condition of integrated water and fertilizer

management.

Key words: edible rose; soil moisture content; UAV multispectral; SHAP analysis; texture feature
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Tab.1 Main parameters of multispectral UAV equipment

PG = B/ B e B 28 Bl /B X
% i K iE Mavic 3M 2% 3 B 0 K /nm 560 =16
AT/ m 50 26 B b I /nm 650 =16
KATEE/ (mes™) 4.4 2130 W B O K /nm 730 +16
PRES GPS + Galileo + BeiDou T 2181 B vt P A /nm 860 +26
i ) i A% B/ %e 80 B* 500 J7
S EEE/ % 80 Rt/ (8% x18%) 2592 x 1944
M/ (°) 90 PR/ (em- R E ) 2.31
R I B /s 2 HAGAKR TIFF

1.2.2  +HESIKEIRE

TEE BB oA I B, #e B BEIR O 0 ~
10 em 10 ~20 c¢m 1 20 ~30 em #1743 )2 BUFE 1
A RS EACKESRSE  RER L S5HRE
BT . RJE AR E R 105°C 1A i AT
WO, THRES R S kAR T L SR AR A
133 T oK, R R RS A
H(1.27 g/em’ ) F 2T A B R HEABUE KR,
1.3 HEWIEHAMGERERE

LB 5 A5 RE A7 PR ELA A5 A T A A ) e S R
fiE, B FRTABFFE 4 R 7 R S B 3
rh B TE S5 5 R R DX Y 25 U B R A 1
A TR K

GRA & K0 2 ge #ies vh 4] T = 4k 77 51 R] D¢ Bk
R0 O 1, 38 3k LU ot AR P 0 T DG B B 35
THARED FEATEN RGP, #il GRA ¥
Al 26 TG B 48 805 1 HE S K FOCH B S T, 1 e
XPECE AT I — L BUAL B, B S IR S % A (&

KR ) 5 R B (R B0 1 248 368 2% (B 9T i 2 P
e f feL, 3 WE AR A p G H I 0. 5) TSGR R AL, B
2R3 o A A B IR BE O 2 Hh 16 A B AR X
2.4 2 fr 7R, 43 15 GNDVI NREI, MNIRI NGI,
MTCI NDCI, CLre ,0SAVI ,NDRE ,DATT SAVI, Cig

RDVI . SVI .DVI MNLI,
SVI 0.77 0.76 0.72
0SAVI 0.54 0.55 0.64
SAVI 0.57 0.58 0.64
RDVI 0.60 0.61 0.63
NREI 047 0.44 0.47 SRR
MNIRI 0.44 0.46 0.49 = 10
g NoI 0.68 0.67 0.63 0.8
gz MICI 0.50 0.51 0.54 e
& NDCI 0.45 0.49 0.53
m  NDRE 0.82 0.81 0.77 04
MNLI 0.63 0.60 0.58 E 0.2
GNDVI 0.50 0.51 0.53 - 0
DVI 0.62 0.60 0.56
DATT 0.82 0.80 0.76
Clre 0.75 0.73 0.69
Cig 0.68 0.71 0.74
0~10 10~20 20~30
TR E em

2 R IRIR BE AR WAR BORTK
Fig.2  Correlation degree of vegetation indices at

different depths
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Tab.2 Vegetation indices selected

LRI &R FAA R kP S
2540 - 45 22 45 % ( Cig) Cig =NIR/G -1 [12]
213 4 A5 H0(Clre) CLre = NIR/RE -1 [12]
2% (B A B 45 B (DVT) DVI = NIR - R [13]
9 —fL 41 3 4 {1 #6 %L ( NDRE) NDRE = (NIR - RE) /( NIR + RE) [13]
168 1F Al £ 14 45 % ( MNLI) MNLI=1.5(NIR* =R)/(NIR*> +R +0.5) [18]
JA— AL 2141 L A 45 L (MNIRT) MNIRI = NIR/ (RE + NIR + G) [18]
4 1 W 48 B (NDC) NDCI = (RE -R)/(RE +R) [18]
P Ak - 338 38 3 K 45 % (OSAVI) OSAVI = (NIR —=R)/(NIR + R +0. 16) [15]
|- 49 e A Bk B (SA VD) SAVI=1.5(NIR -R)/(NIR +R +0.5) [15]
& — Ak A B 45 5L (RDVI) RDVI = (NIR -R)/(NIR +R) [15]
09— Ak M 45 5 ( GNDVI) GNDVI = (NIR - G)/(NIR + G) [25]
B 4 BE RS L (NGT) NGI=G/(NIR + G +RE) [25]
16 1E = A A w4 B (MTCI) MTCI = (NIR -RE)/(RE - R) [25]
By A5 WA 4 46 %% ( DATT) DATT = (NIR - RE) /(NIR - R) [25]
J 1 AH B 8 £ (SVI) SVI=[(NIR -R)/(NIR +R) |/NIR [26]
9 —fL.41 31 6 %L ( NRET) NREI =RE/(NIR + G + RE) [26]

£ :G\R \RE NIR Jy 4 I Bt L1 Be L0 B BEFGE 2150 P BRI 3o



%6 1

AR G BT 0L 2 Ot I A BB g K AR R AR A 219

FIF ENVI 5.3 {4 K & 46 A= 6 B (GLCM) 155
SRR ZOr AT R gt vk, 7E 3 x 3
JRy BT 1N a3 B8 3 T B R A, SR T 8 A gt it
DIk BEAT Ab B, SR 8 Bl S B AR AL, 0 O 4
(MEA) | J5 22 (VAR) (Al 3¢ PE (COR) | X M %
(CON) , # 5 #8 (DIS) {5 B Wi (ENT) | — B JH
(SEM) B[ #£ (HOM) '

1.4 BRFEBEAENS SEETEN

BT RIEE 4.3.3FG, @AM RF,
XGBoost fl GBDT # 1, Moo RF J& 3 F £ 451 0 fy
AN Bagging £ A B9 4 i~ > 53k, B TR B
B A 85 K R SR 8 o H A 2 A AR O X 4
TR (1 T 45 SR kAT 5 52 s 2y 0 T 5 e A
T 1 55 88 E 1 s XGBoost & — i it ik AQUA
o) A%, BEUCGE AL G AT — S AR Y B0 5k 22 BB E
LN P A B 2 R BGR A GBDT 2 — il i T 354X
9 B Bl ~) Bk T B BB e KRR R, A
—NRIAEBERITFAG , T 5 A5 A 00 {F S S B
KR Z I B R 22, IR 5 HE T 31X A Bk 25 1 A i 1 Tk 5
PR AN Wk A2 A, A RO e SRR 1 R 2 IE
P A5 AL 8 22, 38 A0 {45 A 900 {8 5 4 30T 9 -
FR A Tl i fe /MR PR, B T8 £ BB - 0
FOKR B BN HEFVE. 7R RF BIEL R Fg 2 500 £R
DU, B o ZEBE DL £ 8 ASHRFAE ; X T XGBoost
SEBCE 100 27 2] g, 5 2] 3O 0,03, B KRB IR
& 5% F GBDT #EAL Al i Ko B &y 100,52
I 0. 03, e KRR 3, R H S 4 58 LK ik $2
TR YRR 2

TEMEBAY (20254 A3 H 4 H24 0,
5A 14 H) RERA, BREC39 4,38 117 A 5%
FEAS, B0 O 3 SR AR L e TR B AR A, BEHIL 16 I 2/3
FEAAE g i B T A% 1/3 REARAE N BRI A AR
IR UE R REA B K45 IR £ )2 SMC e it 454k W
%3

®3 RRUBRRREIELESKERERESIT

Tab.3 Descriptive statistics of soil moisture content

in soil layers at different depths for edible roses
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Fig.3 Distribution of soil moisture content under three different water and fertilizer treatments
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Fig. 4 Prediction results of soil moisture content in 0 ~10 cm soil layer of edible roses based on RF, GBDT and XGBoost
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Fig.5 Prediction results of soil moisture content in 10 ~20 c¢m soil layer of edible roses based on RF, GBDT and XGBoost
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Fig. 6  Prediction results of soil moisture content in 20 ~30 cm soil layer of edible roses based on RF, GBDT and XGBoost
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