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Relationship between remote sensing monitoring indices and growth pa-
rameters in winter wheat based on GF-1 images
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Abstract: In order to analyze the effectiveness and validity of GF-1 images in winter wheat growth monitoring,
twelve vegetation indices were selected as remote sensing monitoring indices, and the differences between monitoring indices
and growth parameters, leaf area index (LAI'), aboveground biomass, leaf chlorophyll content ( SPAD value), density,
plant height and soil water capacity (0-10 cm) during five critical growing stages were analyzed with regression analysis. Tt
took the determination coefficient (R*) of regression model as retrieval accuracy assessment indicator. The results showed
that the highest R* between monitoring indices and LAI was 0.689 4 at jointing stage using red blue normalized difference

vegetation index ( RBNDVI). The highest R* between

K7 B #1:2019-05-14 monitoring indices and density was 0.543 8 at jointing
EETE TR BEE R AT H (6111651) ; 4L R AT 4l stage using optimal soil adjusted vegetation index ( OSA-
TE R SIS R 4 T H (2017006 ) 5 VLR 4L B VI). The highest R* between monitoring indices and bio-

FAFOFIEATH[CX(17)3020] mass was 0.448 6 at booting stage using normalized differ-
EERMN 0 FE(1986-) , % ILIRm st A, Wi, BB oY 0L, ence vegetation index ( NDVI). Tt was concluded that GF-1
MM TR TAF . (E-mail) shanjie@ jaas.ac.cn image was more suitable for monitoring the growth of winter

BIREE ) X, (E-mail) lingsun@ jaas.ac.cn wheat at jointing and booting stages. The inversion accura-
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¢y of soil water capacity, plant height and SPAD was poor, and R* of the best regression model was lower than 0.360 0.

These results indicated that the 12 remote sensing monitoring indices were not suitable for inversion of the three growth pa-

rameters. The LAl had the highest inversion accuracy at other four stages except milky stage. So, different monitoring indica-

tors should be used to monitor the growth of winter wheat in different growth periods. GF-1 image is more suitable for growth

monitoring of winter wheat at jointing and booting stages. These results from this study provide scientific basis for the appli-

cation of GF-1 image in agricultural monitoring.
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Fig.1 Distribution of ground samples
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Fig.2 Distribution of sample plots in ground samples
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Table 1 Observation time of ground data and acquisition time of GF-1 image
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Table 2 Formulas of the vegetation indices
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Fig.3 The curves of ground observation data at different growth stages
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Table 3 Determination coefficient of the best fitted regression equa-
tion between monitoring indices and leaf area index( LAI)

at different growth stages
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I, 45 WG bR e $5 19 300 0 2 R ) Iz 3 A= 9 it PO
FEX A 3 A F W, B 0 45 WD 48 A

J A o RS JRE 22 S /N AR B s AR R RY
GRNDVI MSAVI2 NDVI .OSAVI Fl RBNDVI [ 80K
M e T AT ST (ELA% M DN o ) JBEOKE B2 25 S 0K
K BEANTEE ; TF ALY R0 45 1 T 5 e 1) A
JE 22 S AR Eh PR FLAAUI A% IR 1) S T
JEE 22 5 BRI AEURS BEBR AR

R4 TREBFPNERBNEFRSEYMENSEDNRARBNRE

AY
Table 4 Determination coefficient of the best fitted regression equa-

tion between monitoring indices and biomass at different

growth stages

W4 b

WO AR IR FLAdW e
ANDVI 03656  0.3617 0.1359  0.0140 0.1333
BNDVI 03667 03422 01654  0.0184 0.124 1
EVI2 04111 04009 02058 0.0471 0.0938
GBNDVI 03852 03630 0.1559  0.0190 0.144 7
GNDVI 0.3905 0.3810 0.1337  0.0234 0.1695
GRNDVI 0.3851 04022 0.1258  0.0204 0.1720
MSAVI2 04103 04107 02004  0.0393 0.0933
NDVI 03857 0.4486  0.1095 0.0208 0.1388
0SAVI 0.4033 04380 0.1707  0.0115 0.1210
RBNDVI 03770  0.3784  0.1342  0.0177 0.1410
RVI 03711 03257 01253  0.0135 0.136 4
SAVI 04110 04093 02026  0.0349 0.096 4
WM 03886  0.385 0.1554  0.0233 0.130 4
b2 0.0163 0.0353 0.0320 0.0107 0.0253

ANDVI .BNDVI . EVI2 . GBNDVI ,GNDVI ., GRNDVI .MSAVI2 . NDVI , OSA-
VI .RBNDVI RVI SAVI .3 2,
24 AREEFHERBNIEIRS SPAD EKE T
ST

PR AR W 0 B I bR 5 SPAD {E 4T
WHEHAHT . G55 (3R 5) Wow, BRI L 45 W $s
FREEAN TR 2R & B0 R 22 % 8K, ANDVI, BNDVI
GBNDVI .GNDVI , GRNDVI FI RBNDVI #4 %4 [] &
“M7AR PRI R R Y TR R T RE
s LA LT, A R R, EVI2 MSAVI2
FUSAVI B2 W R 457 W B 2 B 52 R R 3, O
iR E el o = I G R O 2 R 2
RVI JZBiE A B R 2218 -, NDVI Al OSA-
VI ZSE TR LT T R, 22 L3V I8 2 i =i (E,
NDVI [ AR B BRAETF AL, OSAVI 1 B I AE H 2R
FEZEREI . ST RPMIME, FLAM R, M0.189 7,
HREZFE, 80.167 7, BN FI K 5 WA 22
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BNDVI Wi 579 (0.283 5) , iAIA & NDVI We A
RI(0.161 7)o KT hRE2E, ¥ AR B B B,
4391°50.018 6£10.019 4, Hy & FF £, 40.038 4,
FLASHAN AR A, 435 2h0.058 9710.061 8, A
U, B ARARTS TR B S AT 1 5 W N 8 A S . SPAD
PN BE 22 AN R, B Bl MR /N (ERS BERRAS 1 5 22 1l
1 FEAC AT FLA A W R s S NS B 22 RO,
AFasE , JUHIE BNDVE,S A F W, Ze i) 3L
WIN R Ee s (A AR A R BARE ok A
BNDVI,

#5 FRALHHEBBNIERSHEESE(SPAD ) HRER

VARSI R R
Table 5 Determination coefficient of the best fitted regression equa-

tion between monitoring indices and leaf chlorophyll con-
tent (SPAD) at different growth stages

,°50.343 0, FFAEIWIBEAR, S40.107 8, FL 2 F AL
IR, 7351 40.047 9F10.037 8, KT R*HYHK
B, 3515 W02 OSAVI WE RS (0.543 8) , 22 B 0] /2
MSAVI2 WAL (0.381 9) , FFAEWI & GBNDVI Wil
BEARL (0.146 8), FL 24 JH & 0sAvI W i A HY
(0.054 4) , EIY & EVI2 W EE R (0.135 2), %
FhrE2: , AL RRAK, 90.005 7, HU & TT A6 3 F0
AT, 43 92 0.025 7 H10.026 8, Z2 FE WG =5 Ky
0.036 0, WA =5, 80.047 5, A UL 4% W 48 b
FEPR I B U8 %% B RS B 3 v T A AE B T, HR
THORG 22 5/ R B e 5 LU 2P A 4% s 4
i BTEORS B e T AR 19 2L 20T R B 5 e
FLAH AN AT 09 SRS B AR, H BB e A
F6 FREEHNERENEFSEENRERAERNRTER
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Table 6 Determination coefficient of the best fitted regression equa-

tion between monitoring indices and density at different

growth stages

e bR e bR

Tl R JFEH Fladl e Tl R JFEH Fladl e
ANDVI 01068 02291  0.0629 02483 0.1440 ANDVI 05060  0.3024 0.1155  0.0520 0.008 9
BNDVI 0.1082  0.2842  0.0317 02835 0.0955 BNDVI 04733 02609  0.1427  0.0476 0.026 8
EVI2 0.1328  0.1143  0.1575 0.1092 0.124 3 EVI2 0.5404  0.3818 0.0700  0.0387 0.1352
GBNDVI 01260 02466  0.0765 02355 0.1518 GBNDVI 04815 03080 0.1468  0.0503 0.0025
GNDVI 0.1470 02113 01159 02124 0.1545 GNDVI 04643 03326 01297  0.0505 0.051 4
GRNDVI 0.1480  0.1639  0.1110 02043 0.161 4 GRNDVI 05121 03572  0.215 0.0517 0.0143
MSAVI2 0.1283  0.1139  0.1576  0.1111 0.1240 MSAVI2 05386  0.3819  0.0729  0.0351 0.1342
NDVI 0.1554  0.1080  0.0944 02172 0.1617 NDVI 0.5338  0.3542  0.1088  0.0508 0.004 7
0SAVI 0.1472  0.1120  0.1337  0.1635 0.151 4 OSAVI 0.5438  0.3729  0.0894  0.0544 0.0651
RBNDVI 0.1297 02064  0.0794 02423 0.157 8 RBNDVI 05130 0.3327 0.1216  0.0505 0.0023
RVI 0.0919 0.1081 0.1189  0.1495 0.1573 RVI 05147 03496 01030  0.0505 0.004 7
SAVI 0.1398  0.1142  0.1537  0.0994 0.130 1 SAVI 0.5424  0.3815 0.0720 0.0425 0.0033
¥ 01301  0.1677 0.1078  0.1897 0.1428 ¥fi 05137 0.3430 0.1078  0.0479 0.0378
brifE 2 0.0186  0.0618 0.0384 0.0589 0.0194 bz 0.0268  0.0360 0.0257  0.0057 0.047 5

ANDVI .BNDVI EVI2 .GBNDVI . GNDVI . GRNDVI . MSAVI2 . NDVI , OSA-
VI .RBNDVI .RVI SAVI W5 2,
2.5 AREEFHERKNERSZEENEIESHT
HEAN ) AR 0 0 18 B I 5 A % B R A T [l
BT, SR (FR6) R, MR b 4 I bR e
ANFEAEF IR RPHREE T RS 357 3T 4L 191
TR, A 28 T [, Hoh, EVI2 . GNDVI MSA-
VI2 F1 OSAVI LETF AL 2 i AII SE BRI A T, G
T R, B IR R, h0.513 7, OGR4

ANDVI .BNDVI | EVI2 .GBNDVI . GNDVI . GRNDVI , MSAVI2 . NDVI , OSA-
VI .RBNDVI .RVI SAVI W5 2,
2.6 AREEFHERKNERSKSHEIESHT
HEAN ) AR 0 ) 1 B I 5 A vk s R A T [l A
3BT, BER(RT) Bon, BRESH B EVI2 SAVI
I MSAVI2 % W8 R TE AR R A B WA R a3 5
MR, BT I B 2 B O E L, T AE I E R
K, FLAAY SORGH | T} iU 2208 TR, EVI2 SA-
VI FI MSAVI2 FE B 2 22 B s T JF A6
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Table 7 Determination coefficient of the best fitted regression equa-

tion between monitoring indices and plant height at differ-

ent growth stages

W8 bR PERH

Tl R JFEd Il A
ANDVI 0.0964 02605 0.0279 01710 0.1562
BNDVI 0.0949 02525 0.0441 01363 0.1269
EVI2 0.1048  0.3340 01553  0.1112 0.1350
GBNDVI 0.1140 0.2878  0.0206 0.1427 0.132 4
GNDVI 01226 02923  0.0076  0.1373 0.1093
GRNDVI 0.1059  0.2944  0.0181  0.1598 0.091 4
MSAVI2 0.1081  0.3270 0.1482  0.1185 0.1335
NDVI 0.0868 02317 0.0412 01741 0.0732
0SAVI 0.0935 02963 0.1140 0.1798 0.1233
RBNDVI 0.0957 02812 0.0240 01605 0.141 1
RVI 0.1171 02564  0.0285 02355 0.0733
SAVI 0.1003  0.3273  0.1560  0.1279 0.136 1
¥E 0.1033  0.2868 0.0655 0.1546 0.1193
PR 0.0103 0.0310 00567 0.0324 0.0257

ANDVI .BNDVI . EVI2 . GRNDVI , GNDVI . GRNDVI . MSAVI2 . NDVI , OSA-
VI .RBNDVI .RVI SAVI W35 2.,
27 AEEEHERENERSLESKE (0~
10 cm) K[V 53 47

A TR A B 300 A 2o R 0 8 s 5 K A
(0~10 em) HEATEIH 34T, 455K (& 8) Wow, Bk
b A IR AR AS ] A ﬁﬁﬂE’J RPHR 215 1]
BRI T 5, 2 S BRI — B2 TG

FEZPAE IR B e K AE, Forf ANDVI FiY BNDVI 2 4E
Wi TR, T RPIME, I o, ok
0.271 4, B FF e, 50.206 7, FLAI MGG, H
0.078 4, AN = T4 17 11, °50.021 5, 4% 15 M B
fik,200.005 7., XF R*BYIRKAE, 31 B2 MSAVI2
W AR AL (0.009 2) , 22 BT EVI2 W D A Y
(0.359 2) , JFAERIRE EVI2 WA Rl (0.254 1) , FLEA
5 RVI WAL (0.109 0) , ALEYIJ& RVI W i A5
R1(0.060 1), FKFArifEZE, $1H A%, 70.003 1,
YRR AT, 0,017 9, LS R 4 0T ms &, 4%
H1°50.021 810.035 7, 22 F #H 5 =1, 470.080 3, fH
RPWIIE T LIAE 45 W I 38 B 78 22 BB 119 S J80RG
BEREAR R T 4 AW (HARMEZEROR BT L 4%
W Z 181 25 SR RFRUE 5 TR | L 20 R 22
%) S RS B AT A 22 S R, AR I RE A, T AE
HIPRS B = T LA, U IS T LA T 4
WD B 1 S5 EORS 25 5 /N EORG B e 1K
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Table 8 Determination coefficient of the best fitted regression equa-

tion between monitoring indices and soil water capacity

(0-10 cm) at different growth stages

W b

Ol 2R JFES Fladl o e
ANDVI 0.0008 0.1736  0.1778  0.0682 0.020 7
BNDVI 0.0004  0.1382  0.1533  0.0644 0.026 0
EVI2 00090 03592 02541 0.0465 0.0112
GBNDVI 0.0025 0.1723 01663  0.0822 0.008 6
GNDVI 0.0072 02198 0.1737  0.1003 0.013 6
GRNDVI 0.0069 02748 01972  0.1046 0.008 7
MSAVI2 0.0092  0.3578 02540 0.0479 0.0112
NDVI 0.0068  0.3254 02102  0.0994 0.0598
0SAVI 0.0078  0.3479 02451  0.0868 0.014 1
RBNDVI 0.0026 02096  0.1833  0.0815 0.0151
RVI 0.0068 03198 02118  0.1090 0.060 1
SAVI 0.0089  0.3581 02537 0.0495 0.0088
HIfH 0.0057 02714 02067 0.0784 0.0215
bRtz 0.0031 0.0803 00357 0.0218 0.0179

ANDVI .BNDVI (EVI2 . GBNDVI , GNDVI , GRNDVI . MSAVI2 . NDVI , OSA-
VI ,RBNDVI RVI SAVI W3 2.,

3 1 8

HATIET GF-1 2R WA/ NE KR IE
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