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—0.794, ZEFFMESS RE-RVI AN ER ), N 0.629. J3 A E TR A KA 5 A2 58 AR KA R b R oy 8 A A A AR
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(height, H) B &skipfl . b B3 A& (LU Rk
EE) AR NS RN AR AR ariE T, B EREL
EWHh 3o A EE R, ART ZEED K HR
WP, RGN KA E BIRBUTERENTHEN A, Bk
PhSRRE 5 BEAT A B AE A 0 BT, SRR IR RRET 2R . R
A, WHR SR EMHE KA. Kk, f#
T IEAEAT JE T IT 25 1 RORS P 45 7 T AR AP AR — 2 =)
PR
N T R L ), TR I T S R


https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
https://doi.org/10.11975/j.issn.1002-6819.202401024
http://www.tcsae.org
mailto:202222000897@stu.swpu.edu.cn
mailto:rongsun@swpu.edu.cn

162 flk TR (http:/www.tcsae.org)

2024 £

Jivk, UABE R AR 3 15 SR R A a1,
BLFERE BRI AR 38 BEEOARH ] TE M2
EIREE, aiaude i R RESH, WIRIED
KB HANBAR R RGBS 9w,
PBRAR B RO R, W LAAE /DN T B PN S BILRS 20 A0 A 1 1
TUEOT, 3k s 7 g e A R 7k T AR i A R A O SR
AIACEE, LG AR AR B & 2 S, SEB AR K
A5 SRR B AT I SRV, R B T AR (1
INHE ARV SR ITRETT,  TH A Re ) A 4 e
K, BUA B FERCD SR KRS 42 A2 0 AR W A .
IR, fEKREAR IR, KRGS 1E L PR,
Xof AT 73 (1 2 A O B A A bt I AR N ) 7
ASCHETAREWEARNL TR, R TEANERT G HEL
JEE AR, FRECHETT DX S, R 2O
T RS AE Al I A KRR A W R R RTAT PR ARG
FE, SRSTKREAMRATNEA, JBUKREEMREKZES
BACTEDL, WK REA KA, JuRSHEA L B SR AR
FARAR .

1 PRSI

1.1 REXWSREET

TR 8 X AL TP )12 R AP 7 5% 00 E Sk 81 (30°37'N,
103°37'E), J& T I#HFERAME, BAWERNNZE, &
FBHK, WaERl, HEKRD. X885 =17,
FHATH RN 12 AKX, B3E 36 AN X . 1R E6 XK 103 m,
W44 m, FANPXK 12m, % 4m, FANDNXZEFEEE
0.5 m. EH N 8 mx4 m B &E XA 4 mx4 m FSRAE
X (ED.

I RAE X Sampling area

X Measuring area

A1 R RS

Fig.1 Overview and design of the experimental area

FEANRIG [X S5k ) /KRG FAE 25 B2 A 165 000 #k/hm?s 3
B IA]EH 2023 45 6 H—9 H, W& KRB EKM.
B YRR B 75 R AN 56 X AL 38 I 34 2 ST RE R 3 #E
AR RIS X 18 A KRS . 1B IR A 5 b R
BE R ER D 3ET, 2B 7 H 25 HEANUARL % 1.
2N R, SR TE AN 2 e B3t 250 S/NIX,
S K FE AR R 756 Fk .

1.2 KFEEMEFREE AR

JKFGHL LB 7 ZE & (aboveground biomass, AGB)
e, 43HlF 2023 46 H23 H. 7 H4 H. 7 H 14 H.
7H25H.8H15H. 8 H26 H. 9 H 6 H 7 MifH] &4
HEAT R AR . BRUCREERS, 2 BITE AR08 X SRR
X N BENLIEEL 3 bR A S KRB, B7UERIZH,
BRAR R, VKU R R SRR o A RS AR (HhAR S ) B
TOTFEEAFERES . 2 JE R AN R N, 7E 105 C
TARE 30 min 5 PR A 80 C kAT R IEE.
W SER R, SR BRI AE R s,
AR 48 7K el ol AL 255 480 B R A T AU BB A AR R
(g/m?).
1.3 T AN ZHEFGIREL AL IR

AR IR H K5 R 4 2068 BN, TANIEE
6 MH AN B E AN T4 (complementary metal-oxide-
semiconductor, CMOS) f&/&2s, WH— N T Wt
FRAG R AR B AL 5 A F T 2 0608 iR 1) B (R JE s
Al EE (450+16) nm. Zg (560+16) nm. 4 (650+
16) nm. ZLi4 (730+16) nm FAIT 404 (840+16) nm
JERE, RAMEIRIS ARG EK 208 T (BB E 212 5.
20236 H23H. 7H4H. 7H14H. 7H25H.
8 H 15 H. 8 26 H. 9 H 6 HiltATZHiERAZ HIZREL,
N ARAIE TE N AL B (v SE PR S HER I, B9 R0 2L
PR #E PRAE IS B> = RS AT 30 5%, 48 1)
IEFELE 10:00-14:000 B AT I &35 T8 AN ) 3 B 2
N 80%- FHAIHBHN T0%, AN CITHRER N 25 m,
HAEARF R TN CAT T 5 0 e O AT # 8k . BT EA
PUE AT FE A B S AR & H B B e 22, 75
Z IS RGO FE P 2 2 BUK PR R R R e,
TR B Gk B LA AR T S R L, AR 15 o R
Ko UL RER T AN Z 0 A5 B R Bl 75 2T 7
AR, SEI 2 RhOT kAl IE A AR R BT, AR
56 % etk KR TRAC B0 & G i . R AR IE LA R IR
IS, A2 G S G PHER RS IE )G,
BT BRE RS B 0 AR & /N AT HE RS AL 2, 2
I /N DX 3 B il e S 2, 3 o B PR B B 1 S S
RIATH AT ERBUE B 2
1.3.1 3 RHds it F 54K

FE 48 # (vegetation index, VI) & HAS A ¥ Bt
RPN ECE A S, B TR S R A KR .
H AT BB 8 B E T A, R AR A
S, RS RREUE TR Z TR, A
FHT AN Z el 5, HEmARRIFALE, 46
ARG BAE T, EECT 10 R BRSO T KRS
W R ENVI A, B P2 B A6 X & X
B, CRHETE N BTE R 2R T 88 O AR /N XYY
i E RS, HUTERE RS R 1o iR
AW 1B 2 N
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Table 1 Multispectral index formula
RS AR PPN iU ECT AR SEI0R

Vegetation index Formulas References Vegetation index Formulas References
NDVI (Bs = B3)/(Bs + B3) 2] DVI Bs—B; 301
GNDVI (Bs = B2)/(Bs + B) B RE-DVI Bs—B, 321
RE-NDVI (Bs —By)/(Bs + Bx) 33) NRI (B2~ B3)/(B> + B3) 34]
RVI Bs/Bs B33 SAVI 1.5(Bs — B3)/(Bs + B2 +0.5) 1361
RE-RVI Bs/Bs B2 OSAVI (1+0.16) (Bs — By)/(Bs + By +0.16) el

VE: Biv By By By Bs NFOREGIRBL. GORIEL. AObINEL. LB T AN
Note: B, B,, B;, B,, and B indicate blue light band, green light band, red light band, red-edge band, and near-infrared band, respectively.

TR 0 A B S e RO R R 20 KRB
W EY B EE RO, KREERAN LT YA R

BAECR . BRI S A KR bR e 22/ T 42k
B KRER YRR BN REE -

F2 KFEEMERELST
Table 2 Rice biomass statistics
HmsE FEAKL ISP /MA FH4ME AR
Data set Sample size ~ Maximum value/(g'm ) ~ Minimum value/(g'm?)  Average value/(g'm>)  Standard deviation/(g:m )
4= 5 1] Whole-plantation period 250 2635.88 83.05 1048.43 698.79
BIRAEKH
Nutritional growth period 142 1456.95 83.05 523.73 355.30
Reprodtft%eig:f\??h period 108 2635.88 999.08 1756.97 319.37
_2
1.4 FitSHERBETEN R = 2 Qi=Y) D
AARIR 56 HEAT BOHE AR G o0 Hr, AT R R A 56 &R s (y__ ;)2
¥ (Pearson correlation coefficient) 3P4 &4k 458 i e
a2 WA . B RS R b, M RMSE 1Zn s 2
K 2 KO0 8 PR M KO R AT o AR SC A PR £ =\ O

AT AR R A T, R BB G A
RRBUEAY, FREBIAL . TERTRARN) 36 N/NXH, BERL
ik 27 HERAE VA, PR RE) 9 HEERIE AR
WEEE .

AR 8 B R? (coefficientof determination)
XA R AT PR R JT R 2 (root mean square
error, RMSE) PR ERf 1. — MR &, BEAA)
ERH R MBS T 1, $)J7 %% RMSE #I{K, #IHi%
TR BT

by, S, v AP, Vo,
NFERMG i=1,2,3,..n5 n AFEARKL

2GRS0

HEXMD T SEEEN S
P AE TS Rt EAYETHMAN

2.1
2.1.1
il

¥ 10 Pt RS KRB A BRI, 455
Wz 3 fioR.

®3 HEWEHSEMERXIMERY

Table 3 Coefficient of correlation between vegetation index and biomass

" . H3§ Date L4EH

IS Vegetation index  — o e e e R o sE1sH 8A 260 9A6H | Whole-plantation period

NDVI ~0.016 0.073 0.119 0.160 0252 0379% 0.077 0528

GNDVI 0.018 0.063 0.096 0.208 0412%  0.421% 0.087 0.583%*

RE-NDVI 0.046 0.117 0.028 0337 0.544%%  0.456% 0.07 0.575%*

RVI 0.112 0.082 0.067 0.208 0.390%  0.353* 0.095 0.325%*

RE-RVI ~0.074 0.127 0.011 0.349* 0.541%% 0458+ 0.115 0.536**

DVI 0.037 0.117 0.095 0.063 —~0.087 0.097 ~0.191 0.689%*

RE-DVI 0.094 0.132 0.041 0216 0.246 0.348* ~0.006 0.649**

NRI 0.034 0.112 0.174 ~0.199 ~0.199 0.166 0.066 0.196**

SAVI 0.018 0.072 0.118 0.252 0.252 0.379* 0.077 0.530%*

OSAVI ~0.017 0.063 0.091 0.412* 0412% 0421 0.087 0.582%*

VE: 0N 0.05 KPR 0 0.01 KPR, FE.

Note: * is significant at the 0.05 level; ** is significant at the 0.01 level, The same below.

MF 3 HATCLE H, R Z ek S A YR R
KWL, HAMxME& 8 8 H 15 H RE-NDVI, 5
HEWEIAEICTE R BN 0.544 (P<<0.01), HA8 H 15 H
RE-RVI, Mot REHEAA 0.541 (P<0.01), HAH
KMEERTE 0.500 LT o 42EF HABR RVI 5 NRI A KM
filkAh, o 8 FiiE o 5 20 5 AE ) & B AH PRI TE 0.500

PLE (P<0.01).

ISR E MR, S4TSR T
FHA, AR DR R B B RS . S ) HE B AR
BN, FEUS TR OC RO BNECOR AR R 2 .
1o ARSI v A E AR R, B B G 0 AT ik
N T HIFEIRZE
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BT R AR N KR 4 A B AR R A Y,
FRAE BT AR AR A OS5 R ATk, KA AL F W 10
M TR A R EIILF] 0.01 BEKF. @ 2EFH
IR S A E AR . IRYEE 4, MR
S EY A IR R E BB R IUX LR () ok E
RHBUR, g ZEEKIIN DVIL HkE RE0N 045,
HARVE REIRLE 0.3 7247, 3 W] Hhaxk S Af 1l Fis H0i
AP B A AR R TG VR B N

x4 EHEERSEPEHEVERRERY
Table 4 Coefficient of determination for vegetation index and
biomass estimation models

ERER [ | EBIRR L | EEER
Vegetation Index Vegetation Index Vegetation Index
NDVI 0.25 RE-RVI 0.27 SAVI 0.25
GNDVI 0.32 DVI 0.45 OSAVI 0.31
RE-NDVI 0.30 RE-DVI 0.34
RVI 0.10 NRI 0.04

NTHRAZGE MBS AR EBEN e R
FRAC BB A, BT 22 e 1 A e i A WU A= P = A AL 1)
Ko, B 4 FhE RECE A BB S (DVIL RE-
DVI. RE-NDVI. GNDVID), %l 4% & 584k 5
B BT . il 2 B, MR IR e 2S5 AR
XN AHORE R L R, aTRL e R R .

e ¢ g
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a. Scatterplot distribution of GNDVI

b. RE-ND VIS AW & 1 2047
b. Scatterplot distribution of RE-NDVI

vs. biomass vs. biomass
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c. DVIS /L R s 434 B d. RE-DVIS A R HUS S A
c. Scatterplot distribution of DVI d. Scatterplot distribution of RE-DVI
vs. biomass vs. biomass

B2 HEEHEENTXEA
Fig.2 Plot of vegetation index versus biomass

N 2 A R B A i O n S B T )
o bR AR R AR A B n 2 BLZ D Y
. B, A0 H W R B 42 2 — Al o
PR, A BRSPSy, o0 i e e A A N A
R, DRI 26 R R Bl T AR R RS L
2.1.2 HEEXH

N T B350 M A_E G AFE TR B DA R R Fe il o
b, ASCRY AR — MR K X YR PP ARG B R
T R B P AR (B3 R 4). B3 i EH, &
AR/ X AE A AT R ) B R DU LA,

e 7 A 25 HJa 2IERA B g . RE4yE
(R AB DL BEAT 73BT, AT LA 8 A2 40 B T U FR g ) 5
T H 25 H, JFCAAE R o AR B 2 AT 0 AL

23000
=)
S 2500
g 2000
1500
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A
& AT A AV &Y o o
AR H
Data access data
CREES S R

Fig.3 Plot of temporal changes in biomass

AR
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AT 25 5
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o0
W
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RN RN BN EIPN BN

AT AP VP S
HlE AR H )

Data access data

B4 MHAE S AT
Fig.4 Time series of changes in vegetation cover
ME 4 T EH, BERXIERTE 6 H 23 HEE— XKW
IF, B FT IR RE A 7 55 SN 71.05%,  IEES KRG AL T4
BEJ, BEAE R BHERE, B /N XA o R R 1
7 H 25 H/ANX 078 55 LA FI) 98.84%, #:1 100%, Z )&
1) 3 IR IX Il & 78 d5 TR e . SRAE AT HIMNE
IS, DR S EER SN, 7T H 25 HZ
RIGHEAA — N B ] A S S AR ER T AR
1 B LA S i 4 7 55 LI P AR AL, K 7 H 25 HsE s
ok, LT H2S HZmr CBH7 H 25 H) MIdE(E
NEFEKMHEHA, 7TH25HZ G (A TH
25 HD BIBHRIE N A KRR AL, A R AR
YAl A
2.1.3 s % hakiss s A B e KA
B o N E R AR AT A KA, 29t
HMAZ SR S EZ HMHEE R, 4558
WL 5 P, NRPATLONE S|, 5445 HHEEE
FRAEKH, MERE S E SR ERA; 1E
AFHAKHA, ERE RS R R AH M T RE . NDVI
FEVED K B B HERA Y, (R BEE AR 1Y
K, wala Tty Wk s pEdE, ARE KA
T A A HIA R RBCH IR B, ZEFF o HE B 4R
By MRS S /DR L FEAIC, RS ARER DVI 4h
HARTREETHIL T B8t m . H, #AREERHN RV,
EH]T7-0.794, HARMHEHAEER DVI FMERE 2] 7 0.700
PLE, HEIEFEM. WIEERS PRIERY, EXK
FERAT AR EAG I, A 0B 44 E s 44T
B, RARRAE KR EAT 2%, DR S DR .
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Table 5 Coefficient of correlation between vegetation index and biomass
PR SEER BREKE  AmEEH B ERERT
Vegetation Index Whole-plantation Nutritional growth  Reproductive growth Reproductive growth period
g period period period (overall) FEHE Tassel ZFFH Stalks and leaves
NDVI 0.528%* 0.720%* —0.365%* —0.793%* 0.553%*
GNDVI 0.583%* 0.795%* —0.262%* —0.719%* 0.605%*
RE-NDVI 0.575%* 0.881%* —0.280%* —0.748%* 0.619%*
RVI 0.325%* 0.890** —0.346** —0.794%* 0.582%*
RE-RVI 0.536%* 0.894%* —0.263%* —0.737%* 0.629%*
DVI 0.689** 0.781%* —0.216* —0.134 0.142
RE-DVI 0.649%* 0.892%* —0.338%* —0.722%%* 0.494%*
NRI 0.196** 0.655%* —0.509%* —0.764** 0.292%*
SAVI 0.530%* 0.722%%* —0.365%* —0.793%* 0.553%*
OSAVI 0.582%* 0.799%* —0.262%* —0.719%* 0.605%*
2.2 KISEYIEENRADE OB 0 BB DA S AR B, KRR AR AT
MRYE s X A BN PR E 4R, KBLT BRI,

JUR:

D) fEKFEERBYIBB, Vs 2RI E KW
%, XAERE DL LR e . LR B, A
YT RE ISR AN A IS, I o B A i
RIRENS BRI o

2) R EKFENEHIBBL KRR E S H AR
PESE A R F . ] YA AR R A R A B A iR X A 4
LR IERE A i 2RI R BB DU -

P, AHE TR PR R R eI RE R T

WA AT IA 7 4L )5 H G i 45 R TR0, Bodle 0 21
Ja BENS TR AR B S AR R R AR G R 8 REHLIE
B 75% B RE AR K a1y il AR AR i £ (O R 2R K Y]
107 MREA, ABEAEK I 81 MREAD , FIH R MERLAY
TREVARERL R RO AL 0RO R B A A
AERATIRR, IR 6 PR, IRAER TP EBIE R E R
K. 7R Z R B TR R S T FE R iR 6
R EERE S, AMBREFRAEKIE R AR K
W, REAE AT AR AL RS A 25T .

*6 DHEBEZEENIERENEMERELIFE

Table 6 Modeling and accuracy of biomass estimation by multispectral vegetation index after grouping
FF 3 Phase R IEE Vegetation Index % Mould WERBR®  BHREZE RMSE/(g'm ™)

NDVI y=0.105¢"7+164.157 0.75 168.24

GNDVI y=7.397¢>""+102.908 0.80 151.70

RE-NDVI =7 261.959x>-1 038.879x+173.403 0.85 131.86

RVI y=15 752.414¢"°"%-15 762.759 7 0.77 160.96

Bk RE-RVI y=281.078x*-380.482x+210.110 0.83 136.38

Nutritional growth period DVI =0.000 09x-0.266x+346.387 0.68 191.73

RE-DVI $=0.000 1x*+0.031x+99.147 0.83 139.97

NRI =10 169.881 693x>-3 932.158x+558.928 0.46 248.30

SAVI =2 136.811x%-3 213.055x+1 279.677 0.69 187.44

OSAVI y=7.137¢>2'"+101.549 0.80 148.541

NDVI =2 536.978x*-10 722.513x+7 907.849 0.61 188.07

GNDVI y=11322.760x*-20 797.414x+9 681.857 0.59 21245

RE-NDVI y=16 107.233x>-15 466.383x+3 985.330 0.56 199.72

RVI =5.253x>-226.799x+2 784.073 0.67 174.22

%A Tassel R%-SIVI y=1069.092x*-5 44\164026x+7 270.560 0,\56 197\.51

RE-DVI »=0.000 03x-1.003x+2 699.531 0.51 211.77

NRI =21 328.340x%-21 166.700x+5 463.635 0.60 190.00

SAVI y=1119.492x*-7 128.353x+7 894.862 0.61 188.07

Eﬁiﬁgﬁ OSAVI =8 413.806x>-17 927.102x+9 680.921 0.50 21245

Reproductive NDVI =24 663 449x°-38 894.187x+16 321234 0.34 154.96
growth period 7.963x

GNDVI y=0.904¢""""+825.461 0.36 151.78

RE-NDVI y=10 205.163x*-4 765.338x+1 527.415 0.39 148.73

RVI y=121.77¢""%+742.792 0.34 154.58

ZFFH Stalks RE-RVI y=250.830x>-599.473x+1 257.478 0.38 149.17

and leaves DVI y=-0.000 6x°+4.800x-8 374.516 0.04 186.75

RE-DVI »=0.000 3x%-0.978x+1 728.520 0.24 166.49

NRI y=-41 221.572x*+30 561.206x-4 491.411 0.15 175.23

SAVI =10 962.963x%-25 929.541x+16 319.317 0.34 154.97

OSAVI y=0.905¢*44+825 401 0.36 151.78

BRAEKAMAYEM N F, NDVI. GNDVI.
RVI. OSAVI N#REREE A, RN —IRRHUE
X, HEAZEMRFSNIES. R 6w, EF4E

K 3 7K R A A AR Y 38 AT DL A G b O K A AR
Yy, AR T A AN S B 2 R) Y R E R B0 IA B
FKCF, KRB TE 070 LA b, 307 % ZE7E 180 g/m?
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o BT R AT SR R A, RO D ek A e
Wz —. FEMERKPNAY RGN P, FEA
ZEFF I 0 A A WUORG A LGS IR AR KA BT R B
e A %) A A U A Y Sy R R AR Y, s T i 4
N RVI, HyeE 2¥0E55)0.67, HIJTHEZEN 174.22 g/m?,
BeAk, HARFEE PeE RECEIIAE 0.50 BLE, BT R
RZELE 200 gm’ i 47, RERWPZHIBHERBEEYE
i # B — 5 T AR 0. KT 2R R AR A
DA R Sy — R Il A A2, A5 £ T 48 #1008 RE-NDVI,
Hvor 2508 039, Bz N 14873 g/m?. R

A et 5 7R 8 0 RS A R AR, BTSSR T LA Y RE-
NDVI % Z2 A0 ARV & il I Re k. 45 bRk, 4
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M, RS HMERA S, =t EAMS
NPT RS P2 AT 3 FH A

N T BB E B B R, R SE SRR LA
WHEs G, FHZIE 70% BREEE DV IIZREE, 30% AR
TEN IR BEAT R 7, BRI M R S5, 25 R W
RTo XLEE 6 MR 7GR, ATLURBLA ARG
B RBUA K. RUH, FEBEEA S H R
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Table 7 Model and accuracy of multispectral vegetation index estimation of biomass after adjusting the grouping of data in the modeling set

B %A Phase FEWFESL Vegetation Index 1HE Mould YeERE R B RRZE RMSE/(g'm?)
NDVI y=0.264¢**4+139.892 0.77 163.18
GNDVI y=10.177¢>1%+85.029 0.81 150.71
RE-NDVI =T 056.236x>-944.201x+164.248 0.86 130.09
RVI =62 189.133¢"%°*-62 197.859 0.79 157.92
BHFAERKE RE-RVI 1=268.126x*-338.225x+178.299 0.85 134.63
Nutritional growth period DVI 3=0.000 09x>-0.242x+302.281 0.74 175.15
RE-DVI ¥=0.000 1x*+0.064x+83.961 0.85 135.25
NRI y=11 094.484x*-4 437.008x+583.218 0.56 229.10
SAVI =2 099.534x%-3 103.308x+1 209.014 0.73 179.05
OSAVI =9.688¢*%°+84.769 0.82 147.61
NDVI y=15501.408x%-33 843.846x+18 216.937 0.65 170.64
GNDVI y=14210.221x>-25 434.402x+11 547.755 0.53 198.86
RE-NDVI =20 315.308x*-19 101.259x+4 771.076 0.60 183.65
RVI y=6.770x>-284.835x+3 336.130 0.74 147.95
7538 Tassel R]]ED-EIVI y=1310.125x>-6 638.566x+8 721.548 0.\62 18(1‘17
RE-DVI y=0.000 02x>-2.006x+3 974.027 0.52 201.58
NRI y=T71 629.787x*-57 371.203x+11 936.564 0.61 182.20
SAVI =6 884.464x>-22 548.637x+18 206.682 0.65 170.65
iﬁi&ﬁfﬁ OSAVI =10 561.725x%-21 927.908x+11 548.204 0.53 198.86
;ﬁlx&d;::}f:, NDVI =32 367.461x*-51 896.310x+21 806.366 0.38 152.98
GNDVI =0.002¢"72+964.812 0.42 147.94
RE-NDVI y=12995.151x%-6 736.603x+1 867.641 0.44 145.02
RVI y=7.941¢""7%"+966.676 0.40 150.82
ZXFFrf Stalks RE-RVI ¥=250.830x7-599.473x+1 257.478 0.38 149.17
and leaves DVI 3=-0.000 2x*+1.644x-1 700.810 0.06 188.02
RE-DVI =0.000 5x*-1.707x+2 505.774 0.28 165.03
NRI y=-53 861.254x*+39 627.377x-6 091.290 0.14 180.02
SAVI y=14 389.900x>-34 604.031x+21 807.865 0.38 152.99
OSAVI 3=0.002¢">**"1964.779 0.42 147.95

2.3 JKFEEYIE MR BEIE
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BT IR TR 2 e iR A o 4L AR D 25 SR
e e B A R Ve RECECEIET 3 M AE TR L OF
FiE K. RE-NDVI. RE-RVI. RE-DVI; 4584 K ]
(FEFE) . NDVI. RVI. SAVD 1ENAEYIEASIKFa %,
HAT AR E BRI (50 CEFRAEKI 35 MEA,
ATEAEKIN (RBHD 27 MEAD . MBI STHTRLE W, &

BN 0.90 47, HITIRIRZEBE 120 gm® 4. Hrp
6 UF A B R 8 208 RE-RVIL Y R 50 0.90,
)75 MR AR 2 119.36 g/m?. 3 ANHE B S8 — £ I
B B A AL, AR BUNE, B B A A AR
1: 1 &RFfiT, Zethbassrmmle, RUEFREKMAE
YRR RS, SRR RARST .
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Fig.5 Validation results of the preferred multispectral vegetation index estimation biomass model
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Rice biomass estimation based on multispectral imagery from
unmanned aerial vehicles

WANG Di , SUN Rong* , SU Yong , YANG Bo
(School of Civil Engineering and Geomatics, Southwest Petroleum University, Chengdu 610500, China)

Abstract: Rice is one of the major food crops in China. It is important to timely, accurately, efficiently, and rapidly monitor the
rice biomass. In this study, ten multispectral vegetation indices were extracted from Unmanned Aerial Vehicles (UAV)
multispectral images. The data source was obtained for the correlation analysis with rice biomass. The results showed that the
correlation between biomass and vegetation index was higher for the full reproductive period than for a single period. The
correlation between biomass and vegetation index was also improved to divide the data for the full reproductive period into a
nutritive and a reproductive period, according to the vegetation cover up to 100%. All ten vegetation indices were significantly
correlated throughout the reproductive and nutrient growth period, with the highest DVI and RE-RVI correlation of 0.689 and
0.894, respectively; Except the DVI, the vegetation indices were significantly correlated in the productive growth period, with
the highest RE-NDVI correlation of -0.794 for the rice spike portion and 0.629 for the stem and leaf portion. The biomass
estimation models were then constructed using vegetation indices for the nutritive and reproductive growth periods. Quadratic
regression and exponential models were also obtained in the nutritive growth period. The optimal multispectral index was
achieved in the RERVI, with the validation accuracies of R*=0.90, and RMSE=119.36 g/m’; In the reproductive growth period,
the rice spike was a quadratic regression model with an optimal multispectral index of RVI and validation accuracies of R* =
0.78 and RMSE = 124.98 g/m’, respectively. Overall, the accuracy of the model was improved in the biomass estimation with
the full-birth period data using the vegetation cover close to 100%. The accuracy of biomass estimation was also improved to
separate the rice spike from the stalk and leaf during the reproductive growth period. Relatively less saturation was suffered in
the early growth period of rice, whereas, the accuracy was slightly higher than that in the late growth period; Moreover, the
experimental data significantly improved the estimation precision and accuracy of the model. The rice biomass was segmented
for modeling and accuracy validation during the whole life cycle, in terms of plant nutritional and reproductive growth. The
finding can also provide effective information and references for field crop growth monitoring and decision-making on
farmland production.

Keywords: rice; UAV; multispectral; biomass; vegetation index
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