TTIRAN 23R ( Jiangsu J.of Agr.Sci.) ,2023,39(9) ; 1883-1890
http: //jsnyxb.jaas.ac.cn 1883

TR W DR AN 48, AR OGS S0GEHR B B TR SR m R[] VIoRRlb2E4),2023,39(9) - 1883-1890.
doi ; 10.3969/].issn. 1000-4440.2023.09.010

ETTHmAESHIEREINEERMFSKESRAIE
il &

R, WM, BB, KFHE, F £, EdS, KT
(DAL AR K2 VERR B2 % BEPE 328 712100)

WE: SRRy SC i X FoR M B K S A B, AR 9838 5 B ORI R v GRS S S R R K 3R
7B IR GGG R oG M AT BT B G 1 50, S I i e 5 S i B K R Z MG & M ok it
B K FRAN A BATR 22 A1 S RN 3 S i) e RS Bk (SVR) S 1) A% 7% 1o 44 I 4% ] 180k ( BPNIN) PR 28 4 2% B
HLARARE 3% (SSA-RFR) (922 R A JFAR AR AT RN B2 i 8 F oK 3 K SRAR S A AR, &5 SR 32 bt
SR EEA RGN S LT NI B U BB, SR HE B A 1 B 3= TR IR LT AN B, o B T — By
FEOCEM L EDGIEEEL (R, s/ R, s0e) FIH—AGTEAEEL (R, s63- R, aos )/ (R, s+ R, i) 1 5 S KA A:
HARSE R B XTEIAIA 0. 835 22 KR AR B RLLIRCR AL T 50 8 38 [ VAR 7R 6 JRR 4 44 R BT AR AR [l ) B 7 1)
R BE frems , B E AR DE RE(R) 2 0. 78, K5 AR 22 (RMSE ) FIAHXS 1222 (RE) 435319 1. 14% Fil 1. 09% , A 588 i
BT RN B B KR mOGRE R SR Z A5G R |, ST 38 BN SRR | Shy 3G rpil X R AR 7= K A48 B (IR 4R

KR HAEOK; MAEEKE, @bik; ik

RESES: S127 MEKARIZED. A MEMHS: 1000-4440(2023)09-1883-08

Hyperspectral estimation of leaf water content of summer maize based on
transformed spectrum and spectral index

ZHENG Zhi-kang, CHANG Qing-rui, FU Xin-tong, ZHANG Zi-juan, LI Kai, JIANG Shi-yu, SONG Zi-yi
(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: In order to realize the remote sensing estimation of summer maize leaf moisture content in Guanzhong area
of Shaanxi province, this study constructed the spectral index of any two bands by measuring the hyperspectral reflectance
and moisture content of summer maize leaves, using the original spectrum and conversion spectrum, and analyzed the rela-
tionship between spectral index and leaf moisture content. The single factor regression model of maize leaf moisture content
estimation and the multivariate estimation models based on support vector regression algorithm (SVR), back propagation
neural network regression algorithm ( BPNN) and sparrow search algorithm-random forest regression algorithm ( SSA-RFR)
were constructed, and the accuracy of the model was compared. The results showed that the spectral reflectance decreased
with the increase of leaf moisture content in shortwave infrared band, and the band of the optimal spectral index was mainly

located in the shortwave infrared band. The ratio spectral

1S B B :2022-10-18 index ( R,s;/R,, ) and normalized spectral index
BETUE: 503 ARBF & R (8637 i) I H  [(Rise=Riswe)/(RisatR us) | based on the first deriv-
(2013AA102401) ative spectrum had the best correlation with leaf moisture
PEE BN R HE(1997-) , B ZRCE RN W AF o A, 28 A content, and the absolute value of the correlation coeffi-
T HIBTIR S 2 W S HORBISY, (E-mail) 15129257078@ cient was 0.83. The simulation effect of multi-factor regres-
163.com sion model was better than that of single-factor regression

BIRAEE % DK, (E-mail) changqr@ nwsuaf.edu.cn model. The accuracy of the model based on SSA-RFR was
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the highest. The validation set determination coefficient ( R*) was 0.78, and the root mean square error (RMSE) and rela-

tive error (RE) were 1.14% and 1.09% , respectively. In this study, by analyzing the relationship between maize leaf mois-

ture content and hyperspectral reflectance, a remote sensing estimation model was established to provide a basis for water

management in summer maize production in Guanzhong area.
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Table 1 Experimental design of combined application of nitrogen,

phosphorus and potassium

AR (kg/hm?)
ViSLiETR

N P,0, K,0
1 0 37. 50 41.25
2 30 37.50 41.25
3 60 37.50 41.25
4 90 37.50 41.25
5 120 37. 50 41.25
6 150 37.50 41.25
7 60 0 41.25
8 60 18.75 41.25
9 60 37.50 41.25
10 60 56.25 41.25
11 60 75.00 41.25
12 60 93.75 41.25

13 60 37.50 0
14 60 37.50 26.25
15 60 37.50 41.25
16 60 37.50 56.25
17 60 37.50 71.25
18 60 37.50 86.25

i 18 AN BREE 2 RE A, /NX ALK 90
m’, AR 5% 4 KO it A& i 4 oA 0
kg/hm? .60 kg/hm?® 120 kg/hm” 180 kg/hm* , A Jiti
JEFIARAE , /NX T AR 153 m?, R AR T4 b
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B2 ARAERL AL 80 RAE R, THE EARKTIIF
Jrit S K SR i G A
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1.2.1 »tr Zk#E e FRRSET I, SEHUE
TEXH (7 H 3 H) RITAE SR A OG5 35 1
SVC HR-1024i( 35 [H Spectrum Vista 23 & 72 i) 3K HL
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Fig.1 Location of maize test field in the study area
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Table 2 Statistical characteristics of maize leaf moisture content in different datasets

FEALE FEAZL /ME (%) BRME(%) EHIE (%) FrifE2E (%) A5 ZRE( %)
PR 60 72.62 80.39 76.41 1.77 2.31
YIS 20 72.67 80.67 76.03 2.22 2.93
AR 80 72.62 80.67 76.31 1.90 2.49
07 26 05—
25+ B
21 0.4F
Qﬁ 20+ ‘ i
wosE 14 ;f; 0.3r
= oot X oot
7 L4
5* Olk
O b d 0 | | | | |
a ¢ © 500 1000 1500 2000 2500

SRR

a:72.62% ~74.23% ;b :74.24% ~75.84% ;¢ :75.85% ~77.45% ; d ;
77.46% ~79.06% ;¢:79.07% ~80.67%
2 ERMAESKERESH

Fig.2 Sample distribution of maize leaf moisture content
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Fig.3 Hyperspectral variation characteristics of maize leaves

with different moisture contents
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Fig.4 Characteristics of transformed spectrum of maize leaves
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Fig.5 Correlation between different spectra and moisture content of maize leaves
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Table 3 Best band combination of different spectral indices

Akl
Sk n SRR Com) FKERH
PV
JRARGE Z{EIGEHRE(DSI) 2486.1887 0.79*
AR GIEFS B RST) 1752.139% 080
IH—isFe % NDST) 1752.139% 0.80*
— - FEOEE Z{EEHRE(DSI) 22391374 080
HAEYGEHEEL(RST) 1563.1406 -0.83*

At (NDST) 1563.1406 0.83*
FRfEIES MG 25(EDCIEREL(DS)
HABED G R (RS
H—ACIHEEL(NDST) 23211429 081*
= FR IR B S K R G (P<0.01)

23301425 0.82™
2321,1429 -0.82™
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Table 4 Single factor estimation models and their accuracy of maize leaf moisture contents constructed by different spectral curves and opti-

mal spectral index

sz RLEH kst S PR

H R? RMSE(%) RE(%) R? RMSE( %) RE(%)
ARG RSI LWC=-230.38RSI+83.036 0.56 1.17 1.15 0.78 1.18 1.26
— oL RSI LWC =22 480.00RSI+71.878 0.63 1.08 1.09 0.67 1.28 1.13
PREIES A f6HE  NDSI LWC=-392.33NDSI?+24.412NDSI+79.158 0.61 1.10 1.16 0.75 1.14 1.21

RSI; AR YGRS 40 NDST: JA— AL S8 B0 LWC M 3 7K 3R 5 R? 08 R4 RMSE - ¥ MR 2%  RE  MIXHR 2%,

x5 ETTREENERMAFSKkESARHERBNBELE

Table 5 Accuracy comparison of multi-factor estimation models of maize leaf moisture content based on different algorithms

HAAE YL
BiR
R RMSE (%) RE(%) R RMSE (%) RE(%)
LWC-SVR 0.76 0.87 0.70 0.68 1.42 1.33
LWC-BPNN 0.75 0.90 0.90 0.74 1.16 1.16
LWC-SSA-RFR 0.92 0.51 0.47 0.78 1.14 1.09

LWC-SVR ; 2T 37 43 1] 2 01 U4 55 vk 1) o R 8 AR A SR 280 5 LWC-BPNIN ¢ 5 T J52 1] 1% 4% i1 28 T90 2% [m] A 4245 0 By ik A 3 7K SR8l BB 280 5 LWC-SSA-
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Fig.6 Comparison of simulation effects of different models

A5 A FH BAL DR AR AL THL RS 2 > Y 2 1R
BRI TR R B K R AT AG5, Hoh 2 P R
RSP A ) A T B D R AR A X 5 A A 5
ERPYV IR —5, BE R T H R BTG B
A VAT WA EE SR F ORI SRR B R I
RRDRG BEAN N Z R AR, 2 R AR b LUSE TR
FEI R AIL AR AR R 553 (SSA-RFR ) 4 2 114 A5 7Y
BRIt . BEHLERAR IS 553k P i B LM 527
ARG MBS RIA BLS , HUMERE T Az Ak e J1 o
SEADFRARLR PR ) R —Fh AR, RRETRTE
(SSA) R , BE TR A AL Rl AL AR MBS Py S48,
T A TR SRR B, T, JRR 28 18 R B3 1 R B
BLARAR RT3 533 7 Al 3 J v 5 5 18 FH A R 4
AR R 2 BRSSO
FKRAN T UG TR . SR, ABIFST HE ST
F1R) R 33 77 AP 7o £k R s (AL R 42, 3 ]
Ae S A H T ORI KA B ERENE X, — ]
Ut , BRSNS A BRI S a2 )
—SERA P R, T ST S I e T i — A
PR, D4R AR ) Al SRS B

TR AR T T B TR G A0k, R T e A
TERLE | WERETF 46 /INAE /N 3 Al XK 3 BEOR 85
KT SIS K K B SR, A

b o T RO E B, AR E O S X B
EORBIIR R S5 KR IEAT T I, FERE A 1 AT
FErp ATAS S JCAPLEAT A AR R R I KR
0 B T A T L K AR B A 2 T S B W Y
DI K A4 3

SE Lk

[1] RODRIGUEZ-PEREZ J R, ORDONEZ C, GONZALEZ-FERNAN-
DEZ A B, et al. Leaf water content estimation by functional linear

regression of field spectroscopy data[ J ]. Biosystems Engineering,

2018,165:36-46.
[2]  BISENE LT RS R /N AR SR G [ D] R ot . R
kK2, 2013.

[3] DOWNING H G, CARTER G A, HOLLADAY K W, et al. The
radiative-equivalent water thickness of leaves[ J]. Remete Sensing
of Environment, 1993,46( 1) ;103-107.

[4] LIUL, WANG J, HUANG W, et al. Estimating winter wheat plant
waler content using red edge width[ J]. International Journal of Re-
mote Sensing,2004,25(17) :3331-3342.

[5] DANSON F M, STEVER M D, MALTHUS T J, et al. High-spec-
tral resolution data for determining leaf water concentration[ J]. In-
ternational Journal of Remote Sensing,1992,13(3) :461-470.

[6] ik B FHRIL, AT, 55 LTI 5O0IEH AR R
MRS RRAGIATIE[J]. Wb K242 41, 2021, 44 (6) -
122-127.

(7] HAREE - LI, EKAE - B, DRI, BT 8y



1890

FAND N S| A=

2023 4 55 39 % o M

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SRS - R A R 2 25 (0 /NZE ] K e i
FHEELI]. WOLSOLR Tk R, 2019,56(15) :251-259.

GAO B C. NDWI—A normalized difference water index for remote
sensing of vegetation liquid water from space[ J]. Remote Sensing
of Environment, 1996 ,58(3) :257-266.

PENUELAS J, FILELLA I, SERRANO L, et al. Cell wall elastic-
ity and water index ( R970 nm/R900 nm) in wheat under different
nitrogen availabilities [ J ]. International Journal of Remote Sens-
ing,1996,17(2) :373-382.

XN K, Bk 3,45, BT m OGS MK R T K
WBEFEL)]. T ERLRE,2012,45(3) :435-442.
RICHARDSON A J, WIEGAND C L. Distinguishing vegetation
from soil background information[ J]. Photogrammetric Engineer-
ing and Remote Sensing,1977,43(12) :1541-1552.

JORDAN C F. Derivation of leaf-area index from quality of light on
the forest floor[ J]. Ecology,1969,50(4) :663-666

ROUSE J] W,HAAS R H, SCHELL J A, et al. Monitoring vegeta-
tion systems in the great plains with ERTS[ C]. NASA. Third
Earth Resources Technology Satellite-1 Symposium,1973:309-317
RS, R R, AF. BT I ARG AR K
SRR ALY ] VL3RR AR ,2022,38(4) :976-984.
EEW, W, AR, F. BT EANECENELNERR
BIREEM[I]. Aol TR ,2020,36(22) :31-39.

ZHANG Y M, TA N, GUA S, et al. Combining spectral and tex-
tural information from UAV RGB images for leaf area index monito-
ring in kiwifruit orchard[ J]. Remote Sensing,2022,14(5) :1063.
ik B, ESME WP, SF. AR B R R R
Xt K AR R B [ T ] ARl BLE#F ST, 2019,32(3) 1 73-

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

79.

JACQUEMSUD S, USRTIN S L, VERDEBOUT J, et al. Estima-
ting leaf biochemistry using the PROSPECT leaf optical properties
model[ J]. Remote Sensing of Environment, 1996, 56 (3) : 194-
202.

CHENG T, RIVARD B, SANCHEZ-AZOFEIFA A. Spectroscopic
determination of leaf water content using continuous wavelet analy-
sis[ J]. Remote Sensing of Environment,2010,115(2) :659-670.
BBy, WORER,ENE, SF TR SPA-SVR Y E
K SPAD EEDERARI[ ], ARAefolk K4, 2021,52(8)
79-88.

TUCHER C J. Remote sensing of leaf water content in the near in-
frared[ J]. Remote Sensing of Environment,1979,10(1) ;23-32.
ZRAME, RS FETOLIEHE BT T R 7K A3 e R e
WhFE[1]. Ml 5 R s B, 2019,35(5) 1 16-21.

YU G R, MIWA T, NAKAYAMA K, et al. A proposal for univer-
sal formulas for estimating leaf water status of herbaceous and
woody plants based on spectral reflectance properties[ J]. Plant
and Soil,2000,227(1/2) :47-58.

BEOR EIRY, SR, S HOE e N )R K
JCRER AT )], VYRR L2441, 2020,33(11) :2524-2529.
WA BRUR, R AF. 206 RS TR S KA
WLT]. i 5655047 ,2020,40(4) 1 1257-1262.
KM, E WL B B TS RRE AR R
IREEDEIEMFELT]. WA 244, 2022,34(4) :781-789.
HARSE - I SRR - VB, g - RIR S T
TR A ST B /N M e K R I A A B T [ 7). O
T2 5k 44T, 2018,38(12) :3905-3911.

(W% B HEM)





