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Hyperspectral estimation of photosynthetic pigment
contents of summer maize leaves

LUO Li-li, CHANG Qing-rui, WU Xu-mei, YANG Jing,LI Fen-ling, WANG Qi
(College of Nature Resources and Environment, Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: To realizing the rapid and non—destructive detection of photosynthetic pigment content of summer
maize , the spectral reflectance characteristics of maize leaf with different total pigment contents were studied by tak-
ing “Dafeng 26” of summer maize in Guanzhong district of Shaanxi Province as the research object. First, 15 spec-
tral parameters with good correlation of chlorophyll a, chlorophyll b, carotenoids and total pigments are extracted.
Then, the estimation models of photosynthetic pigments were established by single variable regression, multiple
stepwise regression and random forest regression analysis, respectively. The results showed that the estimation model
of photosynthetic pigments based on random forest had the highest accuracy. Specifically, the R* of fitting model of
chlorophyll a, chlorophyll b and carotenoids was 0.93, the R* of fitting model of total pigments was 0.92, the R* of
validation model of chlorophyll a and carotenoids was 0.74, and the R* of validation model of chlorophyll b and total
pigments was 0.71. The RMSE and RE of each model are similar. The fitting accuracy from high to low was the RF
model of chlorophyll a, carotenoids, total pigments and chlorophyll b, respectively. The study constructed a high-
precision RF estimation model of photosynthetic pigments, which has application and population value.
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Table 1 ~ Spectral parameters selected and the correlation analysis of photosynthetic pigment
St A 2% R %L r Correlation coefficient, r

Spectral parameter Equation Chla Chlb Car BAZE Total
RIWAE % vt Rgo0/ Rsso 0.77"" -0.09 0.64" " 0.66 " *
M5 vt R337/Rago 0.76* * -0.19" 0.69"* 0.62**
0% HAEHE B PSSRa 2! Rgpo/ Reno 0.57"" -0.34" " 0.70* * 0.41* "
{6 2% HAB S 5% PSSRb 2 R/ Ress 0.68" * -0.19* 0.66* * 0.55**
0K LS B PSSR Rgoo/Rago 0.54"" -0.36" " 0.71** 0.38*
53 LA 35 % PRVIT Rgpo/Rss3 0.78* * -0.09 0.64 %" 0.67**
{0, T — b 2 5% PSNDa!?) (Rgoo—Rego )/ (Rgoo +Rego ) 0.56* " -0.29"* 0.65* " 0.42%*
O FEA— AL 25 % PSNDb 2 (Rgpo~Reas )/ ( Rgoo+Re3s) 0.68" " -0.13 0.61" " 0.57*"
0K T — 1k & (EH 5%k PSNDc?) (Rgo0=Ryz0) / (Rgoo +Ryz9) 0.52* " -0.31"" 0.66** 0.38* *
LEMIABUR O Z 5% sIp1t?) (Rgoo—Rayss )/ (Rgoo+Ryss ) 0.52%* -0.34" " 0.67** 0.37%*
LRI AR GNDVI] (R3s0=Rss0) / (Ryso+Rssp) 0.75" " -0.05 0.60 " * 0.66" "~
W22 EL Reh 2 (Res0=Re73) /Rers -0.73** -0.21** -0.37** -0.72%*

60

TR SDr ) [ areD 0.32°" 0.16" 0.13 0.33°*
LIS AL Ry, 0.76 " -0.10 0.62" " 0.65"*
LI AR R Drl®) MAX[ R"(A) ) Z6s0-760 ) -0.63" " 0.16" -0.51* " -0.51"*

TE R OB FURARECT SR B BB (nm) 5 A S ROA) MR N XEREAY RS R () S R(A) BI— B 383 Ry, A Dr

POV Rl - |

I3 BIFERTE 0.01 F10.05 K B EME, TR,

Note: R is the spectral reflectance, and it’ s subscript number is the band value(nm) of the reflectivity; A is wavelength; R(A) is the reflectivity of

A and R'(A) is the first derivative of R(A) ; Ry, is the reflectivity data of Dr. * * and * indicate the significant correlation at the level of 0.01 and

0.05, respectively,the same below.
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£ 680 ~ 760 nm U B Bl A, S 5 A 20
NSe2 i RAR IO NIY By o N I = | EA R V]
FROE, WLIE 2, ATLIE Y, KB40 R AE A 7E B i
)« g g Hg{H £ ZAE P LE 700 nm BT,
B B R S BN, 20307 B 701 nm %3 F)
704 nm F1706 nm, FHLH I A9« 2188 ﬂ%,éﬁ_
PRUEALL T AR K, R B AR
=, G E VR H R, ﬂf)#xité‘i)izﬁ‘tﬁiﬂ<J¥ﬁ$%1ﬁEJ£
(LA

22 ETRIESHHMHAAGERSERTE
UEL itk pafe

WRIEZ 1, 7S 43R a 4R % b 2K
& N REAEO R T R AR 19 S5 PRVI
(r=0.78) ,PSSRe (r=-0.36) PSSRc (r= 0.71) fl

{5,257 1 Total pigments content/(mg * g ')
>2.15

o
[
)

——— - <145 — . — 145215

*nm ')
< e -
N o] S
N o (3]

; : .

B oy /(1077
First order differential reflectance
(=)
~
N

f=}
N
N

(=1
f=3
%]

690 695 700 705 710 715 720 725 730
# & Wavelength/nm

2ARREBRESEKF THERMFLIBRE

Fig.2 Red side characteristics of maize leaves having

(=
oo
w

different photosynthetic pigments
Reh(r=-0.72) , WHHIR G A €28 PEAT 8RR H 4
Br, @Rk 2,

B AT R LUK R S A () 34 22 T A
HHRE R AT 0.29~0.62 Z[A] K36 R* /T 0.22
~0.66 Z ], o BLIRCOR AR ) IS MR,
M2 E a FLEER FRIRZ, R E b R RIEOER
B s B AR R ) AR R IGIE R Y I . RMSE %

REBCREE
23 ETHESHNHAAGRESESTES

E)FEE
Xt 1 ST A G S S h G R & ik
112 TC A BA ST (W26 3) AL ) SRR ARG 56
R A 0.57~ 0.79 Z 8], 5&58 mA 7 i he # i 5
AR S AR B, AR RS T X A TR v B R
FERKI AR b, M AR ER a K2, 2K



55 4 39

VA A TR O E RS R 181

& NRIOREER BN, m 0L, B Y i S Ot
ANBESERE S AL ) 1) OB (R B, 2008 2 A 5
LB Z A S BT R & AR S T
PRSI
24 XEBRIERF HERENE

N T B2 Ik BEALAR AR L ) TR S 4>
BIRSIHEEER a 2R b WS N RME GRS &
AT REALARAR I 007, DS AL Sl 1000,

MAECER RF ALK 4) WE R, T A
PRI A R 3 T 0.9, 5 R A+ T 0.70 ~
0.75 Z[A] , #5 B AU P AR AL R0 SR B 55 & ELARADURS 32 A1
EAK, HEG ORI G M Z 0B H
RUFH L, RF BERORS XA Bt . BUSCR S 1)
RMFERE a, B N RAIM R b IRZ, BEBEY
HINBIRORTE 22, 76 KF , B TREVLAR R EE ST
FIE A (0 28 MR AR RN AG 56 R H9 %5 v, HL 343k 5]

e
TR R E N 3,

0.01 & /K, RMSE F1 RE %5 /N B AR A
*F2 ETXESHMNMEXERESEETSMOFEE

Table 2 Single variable regression model of photosynthetic pigment based on spectral parameters

EBER LS S B ikt @ﬁ*ﬁfi . ﬁ%ﬁ%ff—f
Photf)synthetic Spectrum Fanction Model expression Modeling precision Test precision

pigment parameter R? RMSE R? RMSE
2L Linear y = 0.7491x - 0.4545 0.56* " 0.31 0.65* " 0.20

S o }gﬁg Exponential y = 0.3252¢%576% 0.55f 0.32 0.66* 0.20
Chi; PRVI XHL Logarithm y = 1.7573Inx - 0.1759 0.56* " 0.31 0.64* " 0.21
£ 75\ Polynomial y =—0.118%> + 1.281x — 1.030 0.57*" 0.23 0.64* " 0.21

FERREL Power y = 0.3977x"37 0.56" 0.31 0.66* * 0.20

2% Linear y =-0.1163x + 1.206 0.13 0.17 0.17 0.21

W b 1’5‘%{ Exponential y = 2.8442¢ 70313 0.18 0.18 0.15 0.21
Chil; PSSRe X Logarithm y = - 0.591lnx + 1.5688 0.11 1.02 0.16 0.21
£ 155X Polynomial y =- 0.157x% + 1.642x — 3.644 0.29"* 0.19 0.22* 0.20

TR EL Power y = 8.0196x 163 0.16 0.18 0.13 0.21

M Linear y = 0.1095x — 0.4404 0.51*" 0.09 0.57** 0.07

St b2 ‘E’Tﬁz Exp()nf:ntial y = 0.0074¢%534 0.54f 0.09 0.63" 0.07
Car PSSRc XTHL Logarithm y = 0.5818Inx — 0.8248 0.47** 0.09 0.53** 0.07
£33 Polynomial y = 0.072x% - 0.692x + 1.757 0.62** 0.07 0.64"* 0.07

TR EL Power y = 0.0011x2%5 0.51*" 0.09 0.62* " 0.08

M Linear y = - 4.3028x + 3.4175 0.51*" 0.41 0.52** 0.32

b e ¢ EEL Exponential y = 4.1063 e - 2.277x 0.51** 0.41 053"~ 0.33
‘“fota’l‘ Rch % Logarithm y = - L411lnx + 0.3927 0.51** 0.41 0.52%* 0.33
£ 355X Polynomial y = 5.903 x> - 8.593x + 4.157 0.51** 0.33 0.53"* 0.33

TR Power y = 0.8392x 07 0.45** 0.41 0.47"* 0.35
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Table 3 Multiple stepwise regression model based

on spectral parameters

JeEER ARG BE Modeling precision 3604 B Test precision

Photosynthetic

pigment R®>  RMSE RE/% R>  RMSE RE/%
Chla 0.73** 0.19 120 0.68** 0.19 12.1
Chlb 0.79** 0.10 21.8 0.57** 0.16 29.1
Car 0.75** 006 272 0.67** 0.06 29.5

BAAZE Total 0.72°* 026  11.5 061 0.28 114

R4 FERMARGEERF @FHRE
Table 4 Random forest regression model of

photosynthetic pigment

HHER FERRGE Modeling precision KzK5E Test precision

Photosynthetic

pigment R® RMSE RE/%  R* RMSE RE/%
Chla 0.93°* 003 64 074°° 004 112
Chlb 0.93** 007 131 0.71°% 0.6 29.0
Car 0.93°* 004 11.6 074** 005 213

BAAE Total  0.92**  0.15 6.1 071"* 030 134
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Fig.3 Measured photosynthetic pigments value versus predicted value based on random forest regression
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