55 33 B4 2 1 FEHEXRLHFR Vol.33 No.2
20154 3 H Agricultural Research in the Arid Areas Mar.2015

X EHS :1000-7601(2015)02-0081-06 doi: 10.16302/j. enki. 1000-7601.2015.02.013

TEXERMERTEZES=E
EtEREREERE

BN Zl ge W a2 1 &1 1
FHEEER, TUA, R B A
(1B R 2F IR ‘ﬁﬂf“ﬂ%%ﬁm,%{% TRAEM A A T AL, i 2 E K SF 8300465
2. AU A R N SCHL2E e 3k T &R, dE AT 100083)

W OE: RAMRE LAEFMELAELSNE, RIT T ERMEHTAIAEZLGES I T LES B Z KX
ZABITHEEFLCENEERNBA, £RE5W.() RHALERRZSHEZEZLEARTBm A EARAMN
KEH r=086, LERHE -—MMAETOmA SHEEZLEERARAMXE r=0.84, B, ZA—Nio2
B3 BB BK (A, 4,5 A,) ER U RAE 3 (R,) b B0 K A, A0 A s ok — B B & A (SDr) | b 18 A8 4 2K
(SDr/SDb, SDr/SDy,(R, - R,)/(R,+ R,)) VA R J3 —f M4 36 3L (SDr — SDb)/( SDr + SDb) % 10 & % # 4 5 &5 v 4
FARWAXRMABMBEMK, 2) RAMAUAZRAREZN RALESSHTEE, LPRELE K6
Rt DL B R At — W AT @R e 5w AR 6 A 30U VT — A 38 B S i 10 M
ARHINTOR,MAF AL NBIEARTAMERER M= F L& EEAN G THHEHER, (3)
Pt By LA 7 R FE 760 nm AL B LI RO E — M BT B S A v = 69120560,, + 44.878 E H
HARARE ZHAF N RMSE, F A A EA Rk A E e, B2 E RSN R ELEN R ETNEA,
MERREZ B R AL, ChEMEREZEIRET 11.4%,

KR R F SR EmLIESBGHAER

hESHES: 513 THFED: A

Selection of optimal model using hyperspectral parameters for
chlorophyll content of maize during tasseling
stage in arid region

WU Qian-wen', XIONG Hei-gang®, WANG Kai-long', WANG Li-feng', JIN Yan-hua'
(1. College of Resources & Environment Science , Xinjiang University , Key Laboratory of Oasis Ecology Ministry of Education
Urumgi , Xinjiang 830046, China ; 2. College of Art & Science , Beijing Union University , Beijing 100083, China)

Abstract: A model monitoring the quantitative content of chlorophyll was established using correlation and linear
and nonlinear analyses to determine the relationships between chlorophyll content of maize at the heading stage and a vari-
ety of high spectral parameters. The results showed that the raw spectral reflectance had a maximal negative correlation
coefficient at 713 nm(r = 0.86) with the chlorophyll content. The first derivative spectral reflectance had a maximal pos-
itive correlation coefficient at 760 nm (r =0.84). The parameters included A,, A;, A ) A e R,, SDr, SDr/ SDb
SDr/ SDy , (Rg -R,)/( R, + R,) and (SDr — SDb)/(SDr + SDb), all of which reached significant correlations with
the chlorophyll content. Models were built based on 12 kinds of spectral parameters that showed significant correlations.
The R? is of the models were greater than 0.72, constructed by the raw spectral reflectance, green reflection peak, the
spectral reflectance of the first derivative, vegetation index and normalized difference vegetation index based on the red
edge and blue edge area ratio. The first two exponential models established were better than the linear model, whereas

the latter three linear models were better than the exponential models. Through precision evaluations of the estimation
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models, the model y cigrophyli content = 6912%7605m + 44. 878 constructed in the first derivative spectral reflectance at 760

nm. This model seemed to be the best prediction for the chlorophyll content of maize at the heading stage due to its maxi-

mal correlation coefficient and minimal RMSE, and its relatively simple expression. The correlation coefficient R? of the

model was increased at least 11.4% more than other models.

Keywords: chlorophyll content; spectral parameter; maize tasselling
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Fig.1 Correlations between the chlorophyll content

and the spectral reflectance
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Fig.2  Correlations between the chlorophyll content and the first derivative spectral reflectance
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Table 1  Correlation coefficients between chlorophyll content and hyperspectral variables
Al MBS R E S AHR R EL
Type Spectral parameters Definitions Correlation
D, 2L N E K—B 43 The maximum first-order differential value in the red edge 0.31
A, D, SR D, corresponding wavelength 0.70" "
D, W N R— 43 {E The maximum first-order differential value in the blue edge 0.43
HT e . ‘s
Eﬁ’;i Ay DX D, corresponding wavelength 0.68" "
Based on the D, N N K—B i /3ME The maximum first-order differential value in the yellow edge -0.60"
spectral position Ay DX ¥ D, corresponding wavelength 0.64" "
variables ’ ) ’
R, LRI T H Green peak reflectivity 0.79" "
Ag RgXULﬁj‘JJ;'iJL/t R, corresponding wavelength 0.70" "
R, L4 % Red Valley reflectance 0.58°
; = R LN — B N The > first derivative within the red edge
S A b SDr LN —r 353 SR The sum of the first derivative within the red edge 0.63
Based on the spectral SDb W N —Br 5y B F0 The sum of the first derivative within the blue edge 0.52*
area variables) SDy BN — 5 SR The sum of the first derivative within the yellow edge -0.53"
SDr/ SDb 0.81°
SDr/ SDy FEARAR AR %L RVI -0.68" "
HEF R,/R, 0.62" "
g
R (SDr - SDb)/(SDr + SDb) 0.80" "
Based on N
vegetation index (SDr - SDy)/(SDr + SDy) IH— LA AR % NDVI 0.49"
variable (R,=R,)/(R,+R,) 0.53"
(1+0.65)( R800 - R670)/ 3T FE R X Soil adjusted vegetation index 0.32

(R800 + R670 +0.65)

T o« BBEKF(P<0.01); %, BEKF(P<0.05),

Note: “ * * "showed significant difference at P <0.01; “ "
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Table 2 Quantitative relationships of leaf chlorophyll content(y) to spectral parameters(x) in maize

PiALE AR [l 5 77 7 R
Spectral parameters Model Regression model
N — IR A linear model y=1.264x - 870.27 0.4897
' F8%X Exponential model y=3x10770-0262% 0.4684
N — RN A linear model y=0.4414x - 184.05 0.4673
b
F8%X Exponential model y =0.3431" 004 0.4729
R — WM A linear model y=0.5309x — 254 0.4122
' F84X Exponential model y =0.0765¢"- 0113+ 0.4187
x —WRENE A linear model y=351.5x +21.439 0.7159
¢ §4% Exponential model y =27.212¢7 %1% 0.7271
R —KZPE A linear model y=0.8373x - 415.81 0.4965
¢ FEEL Exponential model y =0.0023¢-07% 0.508
Sr —IRZAPE A linear model y =45.605x +32.634 0.4025
FEEL Exponential model y =34.825¢) 99 0.3882
— KM A linear model y=0.8737x + 38.69 0.7406
SDr/SDb )
a8 Exponential model y =39 .496¢°-0182 0.7311
— KM A linear model y=—0.3428x +41.3 0.4627
SDr/sd, )
F8%4L Exponential model y =41.688¢0-071x 0.448
R R — IR A linear model y=2.4837x +40.338 0.3785
oo F8%44 Exponential model y =40.728¢"053% 0.3842
— R A linear model y=53.161x +4.2995 0.7462
(SDr - SDb)/(SDr + SD) \
$8%X Exponential model y =19.198¢' 113+ 0.7456
JEUEYEEE (713 nm) — R A linear model y=241.19x + 17.349 0.7715
The original spectrum at 713 nm $8%% Exponential model y =24.969¢ 1357+ 0.7845
JEIE— B s 43 (760 nm) — RN A linear model y=6912x +44.878 0.8991
The first derivative
spectrum at 760nm FEEL Exponential model y = 44.9¢M45* 0.8889
®3 MERSELEEBENEERESER
Table 3 Comparisons of precision test results of hyperspectral models for chlorophyll content
H7E & X Independent variable T Model R? RMSE
713 nm AR HETE S % Spectral reflectance at 713 nm y = 24.969¢> 137 0.7850 0.953
760 nm AL A IR A — B i)
The first derivative reflectance at 760 nm y = 69122 +44.878 0.8990 0.684
SDr/ SDb y=0.8737x + 38.69 0.7410 1.466
(SDr - SDb)/(SDr + SDb) y=53.161x +4.2995 0.7462 1.308
R, y =27.212&7-#81% 0.7270 0.854
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