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PIAH I, Pietro 45 I 1 6 24 PR (PROSPECT)
FURBURME M, R REIR A (SWIRD Xt EWT 1R
U, (HDAZRALAE T SWIR FIUT LI 4k (NIR) Yoilkflhi s
A EWT!, Tucker #1 Gausman & B I IT 2T 4 B (1
400~2 500 nm) {3 M T KWOCRAYE, BRI, Bk
KAE 1 530 A1 1 720 nm KA K 2240 e bguUse,  PRIRIX
Syl BT A VA AL 2 A4, Clevers 25 /1] PROSAIL
(scattering by arbitrarily inclined leaves, SAIL+PROSPECT)
MR TRE 2 ROBE I v il 58, 680 97041 015~1 050
F11200 nm FGHE—F 3 2SI B oK R AETE LR PR
AU Wy ZJLF PROSAIL B, Ky NDWI oy,

NDWI 450, NDWlo49 250 —ALAEBFEEL, 45T iXLL
F5 B0 K 4 R 2 K 43 il SRS TR RS i U

Colombo FFMNR T ARG HER LN FA M I EWT Fii:
FEK (GWC) BURIREE, WF7T 45 3K WA i
/N (IOLS) /KA (RMAD [HJ7] LAFE i
A BWT LA GWC I SRS B2, 1 HAE ] RMA
[H1JS7E 1200 nm KWK S SR fee i) BERABSERIT ST
FWIAE 420~500. 640~680. 740~860 nm 3 ANy B X [H]
M B K5 RO A R m AR G, T R A 4
G 0 28 BT 32 N7 S SR I B K S T AR TR R R g e O

Claudio ZEWF5TE W 970 nm (17K 239 B HonT U b M
A SR AR PRI R K 23 AP . Ceccato ZEMF
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RPN AT SWIR I NIR W] AR GF 1 S s i 75 7K
H, JHRH TR OK 2 RE (GVMD HERAG H R
& 7Kk 8 Sancho-Knapik 2548 FH ik L % B (1 730 MHz)
5T FU A I AR S K, R S IT AN B R
Ri300/Riaso AT T EUAS, 25 AR WO B Ak 0 11 25 SR
FERET Rizoo/Risso Creflectivity, R) 1. Seelig 2519 T
S, BLELFIF SR 1) K o R 4R B S M R K g R
(LWT) AR, ZiR5RW] (Riso/Riase) 5 LWT f74E
B AR DGR . Jin RS R FH AK (5 QIR 43 BT 4 /N2
LWC 57K MBAREIR R R, 45 RIS AL ] A (0 Rk
8T (GRA) , A HIZ LA — i f /3 (stepwise
regression method and partial least squares, SRM-PLS) E{
PLS [M77VE T LA A&/ N2 LWC IS SORG L, 1 H. 3 A
T B K A RELA F 8T AR A b S A A 75 K R 252,

HERIK AL S Z N T R EIEIT, AR R
R K 7 RS AR A 20 DL, JEI & %L T PROSPECT #
R oK o WEC S & . ARSCH H bR & X)
PROSPECT H2 rP (- SHGHAT )R iU E 0B, KRR
EWT XSSl i 5em; Jiikmt v EWT i St
BB, AN, Sl S EWT GBS, JF
A5 F M TSR EWT AU IS B g0 uE B8, Jh Sy
R R Ko MR AL T — BB %

1 #MR57F%E

1.1 #REXEHER

AIREG T 2012 4EF1 2013 4E7E AR [ (445 AL i i)
SR ZEA I FAONAS B TREHE AT O 2 A
TN IR I R FEFEA T (116°50722"E, 36°14'01"N) , AN
b KJEZ 80 m, B JFZ 30 m, 2001 4EgFE . AR
w LR, FREE 3 m, ATEE S m, A2 3.0 me B
PRET20 0.5 m, MIE ARG . XIS k: JEl
TR K REPEZE R, SilRFERD, mEZE, £
BN 35 °C, IEAFERLAEN-14°C, TR
W13 °C, FEFEBI KR 697 mm, fFE NI ERE 195 d.
1.2 M RBAERMNF AN E

2012 FFIEHL T 60 BRAEAUR, s iR 45 AR,
MELHRE A 15 B, 2013 4FIEFE 36 AR, T 27 #itE &,
9 BRI o 23 AE S R T AE A AR HE R R 1
KA. OB HE R T, JES i . S S s AR i AR
WHIEATIORE BT e, BORER TR nke 1. mifi 2t 8 A
20 HAEA G, w42 10 A 20 HAA . A BURf:
FLARTTVEVE WL SCHRET o B HC (10 3 it B ot 0 e 3%
Jr I TIN CERRd BRI B34S, e )
PRULVKAR DAY IR 350y i A8 4k, ST e 1)
G K TR K

1 RN ED EHFMTIR

Table 1 List of data acquisition at each measured time

3 w AN WL A 1 4 [CEREZN IR AY: A E NS i U A

Date Growth stage Growth stage Samples Samples EWT Reflectance
2012-05-10 AERHERIY] AERSHEKIY] 45 15 v v
2012-07-03 LRI K BRI 45 15 v v
2012-08-10 SR SRS 45 15 v v
2012-09-20 SLSEAI) A5 4 3] 30 v v
2012-10-18 LS AN A5 4 3] 29 v v
2013-04-20 FFAE BRI bR 1 27 9 v v
2013-05-25 FRYNEKI FRYITE K 27 9 v v
2013-07-18 FRIHE K31 FCRAE 39 27 9 v v
2013-08-30 PP N LS B 15 J v
2013-10-25 LS Y] A5 4 3] 15 v v

Rk 305 72 377 377

Ve REORE CINE, AR RIGE .
Note:  and - represent the data of measured and not-measured, respectively.

M 61K ] FieldSpec® Pro FR Y& (ASD Inc.,
Boulder, Colorado, USA) FlI 3 (ASD leaf clip) i
FPIAE o I R i EARIIRR 5 720 ISR E
1.3 HRZEYKEERNE

FESEEG 2, RS IR i (] [ AR A o o
MR, 5 105 CTRARE, RIEHEPTA R R
7575 CHEF 48 h DR, BH RS AR E TR,
EWT it AN

EWT =(LFWC-LDWC)/LA. (D

X EWT, glem?, LEWC &35 RS BEH ()R, g
LDWC &3 REEm T e, g5 LA AN,

cm’s 2012 4EM T EWT A& 4 F 31k, 2013 4
[ A EWT & 32 A1 5 11
1.4 PROSPECT &%

G EEPERE PROSPECT & — M 2ok
AR FGE S A AFE T ALLEN (1) TR (1 4 S A%
FERY, AL T R AN 400~2 500 nm [R5 2R,
TEM Fr7KF, PROSPECT LI BRI AN 1) S 5 22 A
EHE, WMASHARET AT ESE (Cp, uglem® |
45K (N SROKEE (EWT, glem®) « K%
NESE (C, uglem®s HEEEE (Chowr ug/cm®)
T & E (C, glem®) o PROSPECT % 6 ANy A
SRR (K2
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Table 2 Nominal and range of input parameters for PROSPECT

model
S Y Parameter Nominalﬁ%/ﬁuf;nd range
C: leaf chlorophyll content/(ug-cm™) 40~100
N:leaf structure parameter 1.5~2.5
EWT: equivalent water thickness/(g-cm’z) 0.006~0.02
C,: dry matter content/(g-cm™) 0.005~0.015
C,: carotenoids content/(ug-cm™) 10~25
Chrown: brown pigments content](,ug-cm'z) 0.0006~0.002

1.5 EFAST /3%

B e L R R AR AS N 77 (extended fourier
amplitude sensitivity test- partial least squares, EFAST) /&
Saltelli 25454 Sobol A1 FAST VA H UKL M T 7
%, Bl T Sobol J7i0 A2 HLAL N ()R RE I Il FAST J7
IR ER B RN TRy 2 BT I AR, AR
R TT 2228 H & NS EU S EC R A EAEH
Sk, AT DL S W ASE R i e i N S B U . DAL
T AR Ty 22 1) 43 ] AR B AN S H SRR
HAERIA ST 2 vTERbe ], BIA S BRI, 2%
I — B 88U R B (first-order sensitive index, FOSI) [ ikt
T BHONRE R R T ZE N H B vk .

1.6 RN FE

fhidee /)N — ek (PLS) st — M 2 Ju e vh 88l 73 B Ui,
F= BRI 22 DA AR B PR DA AR N 22 1 AR R ) [ U A
PLS =2 Judetth Ml o0« CRURH O 23 B A0 32 B 23 23 Wi
AR T —5, g R, Br 7l RUHEft—A s,
G B AR A, 3k ) DA A I 5 i e SR T gy
BT R CRAR G M I IE S N 2, SRS 5 . IR
el B DR 7R AR AR T A PRI AR B IR T AT K
(S A ERY . AEFSE, M4 EFAST (455, 43 5iE
B U REER KT 3 AN U B H] PLS A
B R ] B T U PR AR By 5 T AR S x 2 ) PR Pl
B, eI R IE R

y=agtaxtaet Tt ax,. 1
X ao fETT R R R R B EEE, o ABRIHRE, X
ML AR T 1~n.
1.7 SHitHHh

] EWT G i AUk p B2 T34 T AH SGHE 434 o
YOE RE (R BT % (RMSE) AlbUERL 7 fi it
75 (NRMSE) fEX b B AE A EWT HDG U
BB AR R Ok, LA SR )t SR I Pk
F R’ HINRMSE. R’ilfif, NRMSE %, HA550UERS
FEME: R, RS RS IR,

2 BER55H
2.1 MHRSHYERED R

HTWETH B EWT SE2400h SO 2 m 1 G &,
ik PROSPECT HEAYBEAHUELILE 2000 4161 S 5 # 4 4s ,
K] EFAST J7i5%f PROSPECT #5170 (1) %A~ 2 $41 400~

2 500 nm 5 Be D IA)R) B 61 BEAT BB S A, AU

SimLab (S ILE B R FRUENE 08T, %% SR L

R 1 APNSENEH, IR FE NI E A 04,

SR e 1.
—— N B BURIRHFOST of N
— C, M B BURIREEFOST of C,
— C, MBI EFOST of C
— C,, B BUBIRHFOST of C,
10~ —— EWTH Ui HFOST of EWT
' —— C, 1M IR IR HFOST of C,
0.9
0.8
5
E 07
206
205
2]
=04
EE,
03
e
02
0.1
. A _~NS NS
400 700 1000 1300 1600 1900 2200 2500

£ Length/nm

A1 RA SRR,

Fig.1 Sensitive index of reflectance spectral.

M1 T LA, EWT OGS S5 R 50 — B
SRR HIRR AR T 2L B (1430, 1 900, 2 500 nm)
YL EWT fEUT£0AMIE B Ot R . Cop BRI G 1E— B
BURFR BB R P I IRAE R BE (FF 440 nm) . Z03 B
(570 nm) FITLAAMNEE (700 nm) ; C,, ISk
— BB S BB I B AR W BB (400 nm) ALk
BB (520 nm) 5 Chynn [ UGS 1 — B B30 R B A
AR/, N [ — B BB B RO X ) 3= ZEAE TR R 40 4h
PWBX ] (750~1300nm) o C, [ —BMBUs R EE AT
X 45, = BEAE AR AT £0 AN B (17204 2 170 12 290 nm)
2.2 MESYUKEE SRR R IERE

1T B EWT Dk O IR B AR i e 40 Ah
B L, EUE L0 M OGRS [ S 5 5000 S s - EWT
JETTAT IR o A S04 900~2 500 nm P B X [R5 43 B i
EWT (RUEME, TS5 BWT FIIT L0 AN A 9% B
I, A 145 528 900~2 500 nm B IX [R] 434 900~
1700, 1701~2 200 12 201~2 500 nm 3 M B [X [i],
TE 3 AP DX R 43 il 48 S SR 61— B sk i £l K
WBAGHE M EWT. RIGHHTEE R, 7 900~1 700,
1 701~2 200 F12201~2 500 nm 3 MBI A] [ 561
— IR B K 3 AN S 14250 1 900 A
2500 nm, 1B 2.

HRPE T PR 3 AN X ] — P iUsa B K 3 ANk
B, ARSCHIEER K R Fe 4, BNE—iz 204K 5
&4 (normalized difference infrared water index, NDIWI)
AL (2)

NDIWI=(R/ 4251 R 1900~ 2R2500)/(R1425~R1000T2R500) 0 (2)
A Rigpss Rigoo Al Rysoo 7373142 1425, 1900 A1 2 500 nm
AR PR S S . BT IR B iR 2 NDIWIT G Bt 3 AN
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AN BLIAT AL, 1 3 MNTLLANEIE 2 TR
BRIET N R A T3, b 3 ARk B RN
RN, T AL P BT T SRR BT ORI
FAIRS L o

1.0 r

09
| EWT— I BUsd s
E ., | FOST of EWT

2 500 nm

N

1 425 nm 1900 nm

0 0 . , . .
900 1200 1500 1800 2100 2400
K Length/nm

B2 RATGiEe EWT #8484k
Fig.2 Sensitive index of EWT for reflectance spectral.

2.3 FARE/N_FEPLS) T NDIWI HEFERMHAZE
KR E (EWT)

T AU A% H R EWT 3 A B G i ek
BB, 2T PLS. NDIWI F1 3 ANy Bk vk n) )= )y
EXT R EWT MG, (E 2012 4R8N SE R 1,
FIH PLS A1 NDIWI J 36 sl Zin Al 5 et - EWT,
R> ¥4 0.5628 F1 0.2831, NRMSE 4M5lh 6.25% Al
8.00%. A 1425. 1900 F12 500 nm 3 > EAAN e B ;e 5
S HEHE AL S S EWT, R2 30501 0.2471. 0.1232
F10.2401, NRMSE 43714 8.19%. 8.84%#1 8.23%, PLS
5735 NDIWI AT 3 AN AN B M [R1)A Ss S 18
JEI BES SR ) BWT A PE R BB 2 35 7K1 CFf
i 239, % 3) , {HE PLS ML R B,
NDIWI X2, HykBtamAk, 1 H PLS 7774 NRMSE
/N, NDIWI K2, RPEBIEA, FrUAASCER: PLS 8¢
NDIWI i & R B EWT, AR 3 NP B
PR T EWT,

%3 EREMEBMNMAZEKEE EWD 5kHHE
YR R A
Table 3 Correlation of apple leaves EWT with sensitive
wavelengths at whole stages

FRAES TR

ZH Py HIRARE e RZH o

Parameters Simulated equations r R’ s
NRMSE/%
y=—0.1418x,+0.2603x; oo

PLS ~0.1315x3+0.0297 0.7502 0.5628 6.25
NDIWI y=0.0169NDIWI+0.0006 0.532%*%  0.2831 8.00
1425nm y=—0.0391x+0.0195 0.497**  0.2471 8.19
1900nm y=—0.0395x+0.0142 0.351*%*%  0.1232 8.84
2500nm y=—0.066x+0.0154 0.49**  0.2401 8.23

e o, 5 RIRIRTE 0.01 F10.05 K, y /2 EWT, xiv xov x3 231
FE 1425, 1900 M2 500 nm ZRGIE AT, BB SR x 20500k
HOH RO S8

Note: ** and * represent significant at the 0.01 and 0.05 level of probability,
respectively, » respresent EWT, xj, x», x3 respresent the reflectance of
wavelength 1 425, 1 900 and 2 500 nm, x represents the reflectance parameters
in single wavelength.

H T RS R P MERI RS, H 2013 AFRAEAN AR
BIAM 138 dAmt A EWT Eodis o vk 55 s e 5 4
PLS. NDIWI FlH B2k M RIS AR FHER 3 77 Al
AR EWT TOME - (AR 22 . 453K PLS #
NDIWI 5032 SEE 5 FONE 2 M AR R U R &, T
1425, 1900 F1 2 500 nm 3 ™ 535 B S92 5 ME S FuiqE
2 a5 % . PLS. NDIWI. 1425, 1900 F12 500 nm
AP BCEVEN) R? 439 0.3012, 0.2478. 0.4297. 0.2356
A10.1777, NRMSE 73 %14 13.17%19.02%-9.36%- 10.00%
F110.27% (& 3a. by cv ds ), TN 5 54 () RMSE
4350 0.0016+ 0.0011. 0.0011. 0.0012 1 0.0012 g/cm’,
SE LA PLS J7¥EF NDIWI Tl AR LT, A4
EWT /& n AT,

y=0.5532x+0.0042
R*=0.3012

y=0.4328x+0.0074
R*=0.2478
0.016p NRMSE=9.02%

0.0100.012 0.014 0.016
Sz {E Measured value/(g-cm?)

0.010 0.012 0.014 0.016
Sz {E Measured value/(g-cm?)

‘£ 0.016f NRMSE=13.17%

:D RMSE=0.0016 g-cmy? I RMSE=0.0011 g-cmy;,
g oou o 0.014¢
<

Z 0012 . 0.012}
2 * L
Q

5 0.010} 0.010}
& 4 L
& 00082 0.008
’.'!‘,—;g

a. PLS b. NDIWI
— 0.0161 y=0.1806x+0.0092
0.016 y=0.3352x+0.0073 R=0 2356

R*=0.4297
| NRMSE=9.36%
0.014 RMSE=0.0011 'cm;’.

| NRMSE=10%
0.014F RMSE=0.0012,¢/cm

0.012} 0.012f

0.010} 0.010F

0.008

0.008
.. 0.010 0.012 0.014 0.016
S Measured value/(g-cm?)
d.1 900 nm

0010 0012 0014 0016
SEl{f Measured value/(g-cm?)
c.1 425 nm

—~
<

Tt Predicted value/(g-em™?)  Fijil{fi Predicted value/(g-cm™?)

FMIE Predicted value/(g-cm™)

0.012

0.010

0.008

0.010 0.012 0.014 0.016
S {E Measured value/(g-cm?)
e. 2 500 nm

Tii{E Predicted value/(g-cm

B3 FRENAFTHEWT hFNMEL ERAMEZF 49 X £
Fig.3 Relationships between predicted EWT and measured EWT
at whole growth stages for apple

AR 1425 nm BY% BCEVE IR R R2 AR, {HE
SEE L RO P O, T ASE TR A AR ARCA ¥ e, T HLAE
AR AR ™, RS T 2013 41 EWT {Hs
12012 A, BRUHFIIN AR ANGEE, 1 1900 F1 2 500 nm
P BOAAE EWT KT 0.013 g/em? I, AL JL-F- AN b
SEME AR, L RIS, SR AR T 2013
EMEWT {H T 2012 (P{E, FECF 0 EWT AR
B2 o IX LW A SIS PLS 5t NDIWI i ANH FH # s B
fESEEHR A EWT ZIERK. WE 3 bl LUEH,
EFAST-PLS A0 5 fy BWT [PAHCME &y, Lkl
NDIWI, 3 ANHuj Bege th [nl V75 v 384k % EFAST-PLS
F1 NDIWI % . EFAST-PLS f%— 2447 1425, 1900
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F12 500 nm 3 A A EWT SUR DG B, 3 Sxf
i EWT S b SO IR etk i B B3 17t i EWT
Tl UERTE, Wb T IREEPR 20 S S B EWT Al 51
M. EBIEAR S AEE 2 EAOCHE, iR/ el
SF PR TRL f peAt G (1 20 B[] U5 o A 55 7 V2 E VR R R R B
PEAR ST 0] 8L, BT LA R ¢ NDIWT F1 3 AN B B[] )5 7 vk
B o MH— AT LMK 5 F5 40 NDIWIL ARG T 1 425,
1 900 12 500 nm 3 %5 EWT BU sk B, e
T B BN I T EWT Al S HER P, sk T
IREE R 203 et i BWT 557005800, {H /2 NDIWI %
B AR REIEA G 1) 2 EAHCVEN )8, BT LA NDIWI [ R?
5 PLS A, fHJZLK 3 ANMHRPB RN R R? 2, i AL
NDIWI THE R, 5N, Br g T ik, Al
SRR B BWT $24—FhJ7i. 1425, 1 900 Al 2 500 nm
3 AN B[R A 7 v AR i B 7K o 0B ) B2
YRR 5%, FrLAHEL PLS F NDIWI J57% R?
AR SN o A SCIIBFTESE R Colombo %51, Atzberger
SEDURN Jin SFER2SA 5T 45 BARRL, A AT FE R ER B, PLS
D5y B A s i S UK R (EWT) R4 251
fhETHERG R, i H 3 AN B K R e EnT LUR i
Tl R B K

{HOEAR SOOI — 2N 2, AR, 2013
FEREE Y 2012 A E A58 1 H 2013 425 EWT
T 2012 45, BT CABGUF RS ) g R A /)y, S
M . T ASCHF AN T 2 AEREG %L
P, AR IR, DR R ZE T 2 (e B A R
N T PR G R, RSO PR fE A
BARGEE, B S R SRR R AN R ROR S
W&
3 4 it

WG PROSPECT A AURTHL AR . bt Szl i)
2 AR R E WSE R A EWT MG E DG RdE, el
FH BFAST J7 V20 16 e i AUk B, MR Hm e 35 1 Mg Bt
P TR IR > FEAL TR S NDIWT, SR J5 R PLS J772:.
NDIWI il 3 /N B LR 7 VA S i EWT. 4554
F W] EFAST-PLS #E0AT DASR s S i EWT (P4 50k
&, AR SE M, BT — @ N T SE, NDIWI
N A, ATz 4. fffH EFAST-PLS Al
NDIWI J7iE A S ARG W EWT 19 R 435k
0.5628 F10.2831, fli #5741 NRMSE 47514 6.25%F1
8.00%. Y34MT EFAST-PLS J7iEF1 NDIWI {55 ()
EWT 5 Sz E # B B i — 8ok, 1 R 4351004 0.3012
F10.2478, WAFFIA ) NRMSE 73514 13.17%1 9.02%,
0 UFASE TR AR AT B iy PR T S FEPE o AN SCHf e I T
RGP EWT A5, Sy sl SR Pudis 7
BTSN T R .
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Estimating equivalent water thickness of apple leaves using hypersecptral
data based on EFAST and PLS

Feng Haikuan*?**, Li Zhenhai'**#, Jin Xiuliang"***, Yang Guijun****, Wan Peng'*3*,

Guo Jianhua'****, Yu Haiyang'*>*, Yang Fuqin’***, Li Weiguo>***, Wang Yanan’
(1. Beijing Research Center for Information Technology In Agriculture, Beijing 100097, China; 2. National Engineering Research Center
for Information Technology in Agriculture, Beijing 100097, China; 3. Key Laboratory for Information Technologies in Agriculture,

Ministry of Agriculture, Beijing 100097, China; 4. Beijing Engineering Research Center of Agricultural Internet of Things, Beijing 100097,
China; 5. College of Life Science, Shandong Agricultural University, Tai’an 271018, China)

Abstract: Equivalent water thickness (EWT) is an important parameter for evaluating the growth status and yield of fruit tree.
The objectives of this study were (i) to establish and verify a model for the EWT of the apple leaves, in which the regression
models, the extended Fourier amplitude sensitivity test - partial least squares (EFAST-PLS), and the normalized difference
infrared water index (NDIWI) model were tested, and (ii) to compare the performances of the proposed models respectively
using the EFAST-PLS and the NDIWI model. Spectral reflectance of leaves and concurrently the apple leaves” EWT
parameters were acquired in Tai’an area, Shandong, China during apple growth seasons of 2012-2013. Firstly, the apple
leaves” EWT sensitivity was analyzed through the EFAST and the PROSPECT model; the results showed that the first order
sensitivity index of the EWT of apple leaves for spectral reflectance was larger in 3 wavelengths, i.e. 900-1 700, 1 701-2 200,
and 2 201-2 500 nm, and the largest first order sensitivity index of the EWT value of apple leaves existed at the wavelength of
1425, 1 900 and 2 500 nm. Secondly, the EWT of apple leaves was estimated by PLS and NDIWI; the results showed that the
coefficient of determination (R?) was 0.5628 and 0.2831 and the norm root mean square error (NRMSE) was 0.0625 and 0.08
respectively, and the R*was 0.2471, 0.1232 and 0.2401 and the NRMSE was 0.0819, 0.0884 and 0.0823 using the reflectance
of the single wavelength of 1 425, 1 900 and 2 500 nm, respectively. Lastly, in order to validate the accuracy of the EWT
model of apple leaves, the measured value and predicted value were compared between PLS, NDIWI and empirical regression
of single wavelength. The results indicated that the apple leaves’ EWT measured value and EWT predicted value had better
relationship using PLS and NDIWI regression, while the relationship between the apple leaves’ EWT measured value and
EWT predicted value was worse using single wavelength regression. For PLS, NDIWI, and single wavelength regression of
1425, 1900 and 2 500 nm, the R> was 0.3012, 0.2478, 0.4297, 0.2356 and 0.1777, respectively, the NRMSE was 0.1317,
0.0902, 0.0936, 0.1 and 0.1027, respectively, and the NRMSE was 0.0016, 0.0011, 0.0011, 0.0012 and 0.0012 g/cmz,
respectively. Both the modeling and verification showed that for the EWT model of apple leaves, using PLS and NDIWI
regression was better than using single wavelength regression. The reason was the EFAST-PLS model coupled a number of
sensitive spectral bands for apple leaves’ EWT, and the accumulation of sensitive bands improved the EWT accuracy of apple
leaves in estimation and reduced the influence of environment factors on apple leaves’ EWT; PLS regression can solve data
correlation while NDIWI and single wavelength cannot solve, but NDIWI computes simply so that it can solve the apple
leaves” EWT. The results indicate that the EFAST-PLS model has great potential for the EWT estimation of apple leaves;
however, the NDIWI also has merit.

Keywords: spectrum analysis; models; moisture content; apple leaves; equivalent water thickness; extended fourier amplitude
sensitivity test; partial least squares; normalized difference infrared water index
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