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Remote sensing estimation of maximum net photosynthetic rate of winter
wheat leaves based on continuous wavelet transform

MIAO Meng-ke">** ~ WANG Bao-shan', LI Chang-chun', LONG Hui-ling”>*, YANG Gui-jun®’*,
FENG Hai-kuan®**,  ZHAI Li-ting>>*, LIU Ming-xing>”>*, WU Zhi-chao>*

(1. Henan Polytechnic University , Jiaozuo 454000, China; 2.Key Laboratory of Quantitative Remote Sensing in Agriculture , Ministry of Agriculture/ Betjing
Research Center for Information Technology in Agriculture, Betjing 100097, China; 3.National Engineering Research Center for Information Technology in
Agriculture, Bejjing 100097, China; 4.Betjing Engineering Research Center for Agriculture Internet of Things, Beijing 100097, China)

Abstract:  Present studies have shown that the maximum net photosynthetic rate (4, ) of a plant determines its po-
tential capacity in photosynthesis. Winter wheat was taken as the research object, the data of original spectra (350—1 350
nm) and gas exchange in different leaf positions in four important growth periods such as elongation stage, flagging stage,

flowering stage and filling stage were obtained from April to June in 2017 and 2018. The estimation model for A, of winter

max

wheat leaves was established based on continuous wavelet

% B #3:2019-12-05

E&WH: . HEHEAR IR (2018YFF0213602) 5 [E %K H A F}
IL 4T H (41301475 .41601346) 5 Jb 51T R ARl 24 5% 14
tIESATE ;W R A BHE O H (1821021101186)

TEBRN . BT (1994-) 4 R ASE A, B+, BFFesc > B, B respectively, while the determination coefficients in the
MFA AR BEAFFY ., (E-mail ) Mengkemiaol 7@ 163.com verification were 0. 65 and 0. 77 respectively. The accuracy

transform. The results showed that determination
coefficients (R*) of the model established by continuous

wavelet transform in 2017 and 2018 were 0. 62 and 0. 77

BIEE  JEE R, (E-mail) longhl @ nercita.org.cn of the estimation model based on continuous wavelet trans-
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form was much higher than that based on the vegetation index. By comparing and analyzing several A, results estimated by

vegetation indices and hyperspectral data, it was found that the vegetation index showed a low ability in explaining A,

and it couldn’t make a correct and accurate estimation of photosynthetic capacity. The method based on continuous wavelet

transform is more accurate in the estimation of A, , which can be used as the basis for predicting the growth status and

yield of winter wheat.

Key words:
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Yy, TG AE RIS T 52 m Ve A2 77 Ty e 26 D e 1
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continuous wavelet transform; maximum net photosynthetic rate; vegetation index; hyper-spectrum
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1.1 HARRER

AT 2017-2018 44 /N A K B AE L 5T
B XN L E GG L = Y 3 Mk 1T 1K
Hi AR R R40°00" ~40°21'N, 116°34 ~117°00'E , *F-1
R0 36 m, AR K 208 43 mm, 4F B fIK
SIRALH =10 °C, 4R fes SR AT 35 40 °C, S R 22
B R X RN 24 4, BN 80 m, B
/NXEYTEAR R 135 m? (15 mx9 m) (& 1), REIX

39°21'30"N

(2l ) km Jemssx
115°49'10"E 116°49'20"E

PR

N I A6/ NZE SRR 2R 18 Ftik 167 (A 2
PEFEZR 18) BN 12 N/NIX L, &/ NZ Rl
KA A BEAE 10 B WRE RN IRAE 6 A, 7EIRE:
XNBE AT 4 A RV A FR it K TR (TEA
AE) ALBR(NO) L BRE (195 kg/hm® JR K ) ALH(N1) |
EH A (390 kg/hm? JR £ ) kb3 (N2) | 1h H7 % (585
kg/hm* R ) AL FH(N3) | BN HE 3 REE , 4
SRR T PRI T A6 SR S 7 7 4 /N2
MRS A S G I

@ FE- 0 EE

o
: R
| i
NO NO N3 N3 || NI NI |l
@01) || m08) |'| m09) || (n16) | m17) || m24) |,
|
1 |
N1 N1 N2 N | oNo No |
@02) || m07) ||| m10) || (15) |l m18) || (n23)
| |
| |
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1 REHEHSHEER

Fig.1 Distribution of experimental fields

1.2 HiEHRE
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10 pmol/ (m’-s) SEHGma N L AINE . AWoTE
Wiy A, VER TN T A, 2RI Far-
quhar %5 1980 4EH& ) OGS JGm b AL —AE H A
KUHHZEARR (NRHM ) 76 SPSS A4 Hotf 512l S -
N ZeE TR AR R

1.2.2 RAFFR#EeG R 8GR Hh 2 i e
Ja , BT B OGS I, i R R 95
ASD A FI ) Fieldspec FR 2500 %1 BF #8184 56U
32 (ASD leaf clip) #EA7T & HOGRE i B
}9350~2 500 nm, [B8]FF A4 1 nm, H:H350~1 000 nm f¥)
FERERAFERIFE R 1.4 nm, 23 HE% K 3 nm;1 000~2 500
nm FIEIE AL B M 2.0 nm, 23 FEF N 10 nm,
AT E I e B A AR HE AR AT AL IE I %
FA A9 %8 BRE ( Radiance, RAD) |, &5 5K M B FH 22 Al e
A v B 7 e I A R, g skt e DU 10 IR UE SR
HAPE WAz B G BRI 2 s . AR A
FRIB TR R THRAT
_XR

Ry =RAZZZ%Z;Z*& (D)

K Ry WAL R OGTE R 2R Ry N
BTG R, RAD . J A5 9 2 /N 22 F 4
HEJE  RAD 5 i F INAS 1) 2525 A1) i RS
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A0 3 3o W T WG EAT G A VE R, FR B
A 0N & o 8 AR K 5 G URA ) N 8= S S ET R 7.y
55 AL P 25 (ASTM ) FLAE 700~ 2 500 nm A i/ 21
AN B, JE % T 2T A B B SE FEL A 700~ 1100 nm,
KW T 2L A% BRI JE A 1100~ 2 500 nm, Ho
1 350~2 500 nm ¥ Bt A & 7K s, X 2K i
SN AURR  H T R R K K AR
SIS DG AR R BB RAR, B, AR5
317350~ 1 350 nm P BEHDEIEE E
1.3 HEEERENA L

SN AT —FIE S A B TR BTz
F T8 O R AL B e w6 R v H
RARZER ) | /NI o0 BT %) D B S 2 s v Dl i
By AN TR A3 R 5N R K /N RE = R AR
iR A X

1 (A=b
() =—y| = 2
¥,,(A) ﬁdl(aj (2)

K, (X)) ROR/INEBEPREL; o RORUETE; b
FORMDI ;A =1,2,...,n,n HIEBEEL JRIRETESS
SREAL I L /N A R AR B AS TR K 5 AN [R] 4 R
(BRAr i R ) Mg et R B G

W(a,b)=<f(X) 3, ,(A)>=[Zf (M), (A)dA

(3)

Ao, FOA) AR G TE B 35 /N il R E W,
(ai,bj)@/éi\j WK G=1,2,...,n) F1i RE(i=1,
2,...,m)2 4k,

JE G s 285 3 2/ NI A R JE T AR 1A mxn
FIFERE  FE R s AR e n=1 001 ( B350~ 1 350
nm) . Cheng %" W55 KB, B TREASTTH WA

F1 EHEEBHTEAR

Table 1 Calculation formulae of vegetation indices

Zeth AR B R R 2 948 BOK R (20,21,...,210)
FR) /N RO/ NI R SR BICR . AR5 1
HESE /NS BTN IR ST R AT AR 4 K R bR S AR
e Ry 1 22 ROBE /NI R0 0 AL S /N RS
A A I 2017 4E 2018 4E i 2 0. 01 3K
R FR B = Y 10 A RRUER I B X, TR0 0l e
10 AR B X ] i p s 2R B R 1 10 DB
M4 A, M5
1.4 A, HSXIEERYTE

ARFEHE I 2 O AR A, B 1 FE T
MLR FESE /NG AR W) A, EOGis s s, &
SRR 2 A 6T 8 A S /N T G T A B A
(22 RUBE /N RECRI/N I R A AL, P R AL
Pl SR 5 TR B 2R B 1 1 10 U5 BOX I A /NI
R0, Bnilid MLR J5iEx & /N Rl A, PEAT
OGN, MLR & —Fh 3 T 24 3 A48 2 AR
AT AR REULEA W IH A 7 vk RN AR R S 24 A
AR 2 W] 1 0GR, RN 45 A AR f 0] DR A% S A Al
B fEARER T 2017 AEMEERREAH 75 4, 1R
WEFEARA 37 452018 4FE R EBE ARG 52 4, Wi
FEARAT 26 4>, 55 2 PR 3L TG 20 A,
T TR B AR R ) T T
SE 5 R AR A B o R R A R Y M
POCTE R MBI RIS R EE
FeBIRA R AR RO 8 e K AN [ D B
SR IEA T AT A B A2 AR B Y, T DL 5 5 F
B B AR b R B R R B
HAKXWZE 1,

iEEI EiR A A 275 30k
IH— bR B IR £ ( NDVI) NDVI=(800-670)/(800+670) [28]
FAH A E(DVI) DVI=800-670 [29]
SRR AL (EVI) EVI=2.5%(800-670)/(800+6X670—7.5x475+1) [30]
VEARAR AR B (RVI) RVI=800/670 [31]
A=A B AR B (PRI PRI=(531-570)/(531+570) [32]
RN HR AR (SIPT) SIPI=(800-445) /(800+680) [33]

FHAERAR RO A, AT I AF 2 48858 (1) KE MR RO S A, 456, lid — oo R ERIEXS A, HEFTEFE; (2) ¥ 6 Mhigs

VRS RE S G GE R T AR B 2T PE Wl A AR ST AR

L5 fEEITMH
T PP AT RS B AR AR I, AS B OR b

FHU(R?) I iR 2 (RMSE ) 2 N8R EEATITAN
Horbr RV B Y i M, R B0 1, 3%



548 AN N R 3

2020 4E & 36 % 3 M

W ABE AR ) R 2 8, 1005 R R 4 . RMSE 9%
PR AR ARE B, 2 HAE 423 0 1, BY RMSE
N UL IR T (B 5 A 22 8] 9 Jm 25 8% /) . R®  RMSE
{57 7N W 11l R

[ Z(y-x) }
R=[1-" (4)
Z(y-—y)
Z(y—x)
RMSE="4————— (5)

o x, Ly, P T A,
ST A, n IREAREL,
1.6 HEHWHIE

RS A5 1 it R OGS BE 1] Viewspecpro i
ATTRALER, SRS Y B i 2ok i AL LA T
1E, SRR S 8 A, PRI AL HS 1 n  8s 5 3 Ex-
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2 HR5Hr
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g A, NE RIS, Hid 2017 4F 2018 4FE 1Y
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Fig.2 Wavelet coefficient and A .,
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determination coefficient of test data in 2017
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Fig.3 Wavelet coefficient and A, determination coefficient of test data in 2018
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Fig.4 Scatter diagram of simulated and measured A, in 2017 and 2018 based on continuous wavelet transform

R4 TREBEPH MHEMHFIA,, HEER
Table 4 Estimation results of A, in different growth stages and

leaf positions

HAE BiEgGE AR I0TF

Gy AEERA ZH(R*) ZB(R?) RMSE RMSE

2017 JE 0.50 0.63 5.08 5.43
8 —nt 0.76 0.79 4.69 4.32
B =nt 0.63 0.64 5.47  4.81
AR 0.73 0.70 412 4.59
HE B AR 0.61 0.62 5.66  5.56

2018 Hert: 0.87 0.81 4.68 6.24
]t 0.83 0.86 6.06 6.42
8 =nt 0.69 0.72 4.24  4.60
FIRA K 0.55 0.49 573 8.6l
A B AR 0.76 0.74 6.60 6.12

RMSE F7R T ik 2%

K R/INT0.60, Herbt 2017 4F 2018 4F 2 4E (¢
B RPIIALAIR, 2017 4F 6 Al B 8 B0 B UE R 1R
K, 2018 43R 7 A8 Bk 48 550 1% 56 UE S B 45 v, 2018 4F
¥ 3E R* HE ¥ M RVI> NDVI> PRI> SIPI> EVI> DVI,
2018 4F NDVI \RVI PRI 85U B R* 5 I0IE R &5
FHA 3 A BAE B, T R A M B Fo i R
A, MRS AR, TEIR R R E] 0. 01 /K, R
REVE A UG ot it B A, AT IE B

BT RS B i AR i a2 on gk
WU A A R A, . R 7 ATLLE W A A
TR — RS B B, ST 6 R R S Bt A
A, EERORS BE A B2 5, Ho 2017 4F 5K BE AR TH 4
fI,2018 4 1) g 15 KG B 5 06 UE RS B A B S 2
RMSE WAL AT/

x5 2017 FETENEEEHNHH A, EEER
Table 5 Estimation results of A
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= 30r
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max Dased on single vegetation index

in 2017
KB ﬁﬁ(ﬂ;ﬁ)?#{ %ﬂ(y;;i)?ﬁ

H—AL R B84 (NDVI) 0.08 0.01
ZAERTPHEEL(DVI) 0.01 0.02
HESRRIAREL (EVI) 0.02 0.01
VEARAF AR B (RVI) 0.08 0.01
oAb AR R ( PRI) 0.08 0.01
SR AU G R B(SIPT) 0.07 0.01

F6 2018 FETENEWEHMHH A, HEER

Table 6 Estimation results of A, based on single vegetation index

in 2018
R @*ﬁﬁgxﬁ)%%ﬁz %ﬂ(?j;;i)%ifﬁz

IH—AEAE B8 £ (NDVI) 0.15 0.57

ZEERERAREL(DVI) 0.01 0.05

MRS B (EVI) 0.04 0.27

AR AR B (RVI) 0.27 0.59

FeAb A8 EL (PRI 0.23 0.49

S5 AN UR A AR R (SIPT) 0.07 0.45

R7T BT o MERIBEHRNMHR A, GEER

Table 7 Estimation results of A

max

based on six vegetation indices

oy ggffﬁ wprse EIERE AL

2017 0.28 9.14 0.11 10.65

2018 0.50 8.41 0.54 7.16
RMSE FR¥IRIR %
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