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Estimating leaf area index of cotton canopy by hyperspectral
reflectance in Weibei plateau

QI Yan-bing, CHU Wan-lin, XIE Fei, CHEN Yang, CHANG Qing-rui
( College of Natural Resources and Environment , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Leaf Area Index (LAI) is an important parameter to assess the growth situation of cotton. In this paper,
canopy hyperspectral reflectance and LAI were measured at six growth stages of cotton in a field experiment. The correla-
tion of LAI with the original spectral reflectance, the first derivative spectral reflectance, commonly used spectral vari-
ables and vegetation index were analyzed. The estimation models of LAI were established using linear regression and mul-
tiply stepwise regression methods, and the predictive precision was analyzed. The results indicated that spectral re-
flectance of cotton canopy decreased gradually with the advance of the growth stage and increase of nitrogen fertilizer ap-
plication in the visible band, while it was increased from the seeding stage to the flowering and ball stage and it was de-
creased from the flowering and ball stage to the ball opening stage in the infrared band. The correlation coefficient of LAI
with the common used spectral variables and vegetation index were higher in the whole growth stage than the different
stages. The maximum correlation coefficients of LAI occurred at the reflectance bands of 1 461 nm with the r = - 0.726,
while the highest correlation coefficients between the first derivative spectral data and LAI occurred at band of 742 nm
with r =0.744. The model based on the first derivative spectral reflectance by using multiply stepwise regression method
obtained the most satisfied results for the estimation of LAl in the 742 nm, RMSE =0.94, RE =26.27% , r=0.78. It
is feasible to monitor the cotton growth by the first derivative spectral reflectance based on data of the whole growth stage.
But for the different regions, the estimating models should be assessed carefully based on plenty of experiments.

Keywords: cotton; leaf area index; hyperspectrum; vegetation index
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Table 1

Ryir — Rged
SAVE = Ry + Rgeq + L

BRI + R AL AR B ( TSAVI)
a(Ryg — aRgg — b)
aRyg — Rgeq — ab
1B R — R IR B ( MSAVI2)
MSAVI2 = 0.5[2( Ry + 1) -
V2(Ryg + 1% = 8( Ry — Riea)? ]
FRA—fL 48 B0 RDVI)
RDVI = v/ NDVI x DVI

K, R R RS2 NIR FiE 414G R & —A
PE XTI, Red NI LB R K L N
AL = 0.5,a.b W EIEXREE, 0 =
10.489,b = 6.60427,

(3) HETF IR A5 0Tk 5 — B il o bk i 42 s
i, L3k 1.

(1+1L)

TSAVI =

#BSy I T ER R

Describes of part of the spectrum variables

HiEAE B Spectrum variables

i1 Describes

LRI IR

Reflectance of the green peak position ( Rg )
LRI E Green peak position (Ag)
LA R

Reflectance of the red valley position ( Rr)

LA E Red valley position (Av)

BETEIE 510 ~ 560 nm P YK BER TR
Reflectance of the green peak position in 510 ~ 560 nm
LRI IR (B X R A 9% KA . Wavelength in green peak position

L1YGIE I 640 ~ 680 nm Y I e/ N BB S
Reflectance of the red valley position in 640 ~ 680 nm

LT A MR AN 7 (19 KA B Wavelength red valley position

TR . \ . /
7 T 7 AL AN 1371 680 ~ 760 nm 0 Bl 4 5 K — B o
Variables based on Spectra slop of red edge ( Dr) Maximum wavelength of first derivative reflectance of red edge in 680 ~ 760 nm
hypers.p.e otral ZLiHfi % Red edge position (Ar) LT MR ARG 7 (19 A7 B Wavelength in red edge position
position o N e = 7 7
WA HE321 490 ~ 530 rum {15 BBl PN e R 9 — B B0+
Spectra slop of blue edge (Db) Maximum wavelength of first derivative reflectance of blue edge in 490 ~ 530 nm
W7 E Blue edge position (Ab) WA I WEELGT R B 4 7 B, Wavelength in blue edge position
LR A B3 560 ~ 640 nm 1 AR K A — B i B
Spectra slop of yellow edge ( Dy) Maximum wavelength of first derivative reflectance of yellow edge in 560 ~ 640 nm
WL E Yellow edge position (Xy) I MRE T B A B Wavelength in yellow edge position
I EARUIE AR SR e G ERREE
%i;ﬁrﬂ Red edge area (SDr) Sum of the first derivative reflectance value in red edge position
VAR . g e . N
(PR HE P B (0 A
on hyperspectral Blue edge area (SDb) Sum of the first derivative reflectance value in blue edge position
BT 39030 PR I — B AR 25
Yellow edge area (SDy) Sum of the first derivative reflectance value in yellow edge position
Rg/Rr BRI S LA TR LA Ratio of Rg and Rr
(Rg~ Rr)/(Rg + Rr) LRGeS S AR ST AR SR AT —FLAE Ratio of (Rg - Rr) and (Rg + Rr)
FET R SO/ SDb LU N — B O ELE NS B 1 N — B O ELE AN LU (E
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(SDr - SDy)/(SDr + SDy)

Ratio of (SDr — SDb) and (SDr + SDb)

LT3N — W LS S B N — I s B B A I — 1k (E
Ratio of (SDr — SDy) and (SDr + SDy)
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Table 2 Correlation coefficient of cotton LAl and spectral variables in different growth stages

> A A Y =1
ball stage stage stage

Rg -0.279 0.273 -0.025 -0.163 -0.437" "
Ag -0.280 —-0.095 -0.312 —-0.346 -0.019
Rr -0.216 -0.008 -0.379" —0.443" -0.139
Av -0.047 0.214 -0.138 0.259 -0.121
Ar 0.258 0.060 0.112 0.310 0.290* *
SDb -0.229 0.332 0.110 0.116 -0.535" "
Db -0.237 0.360" 0.100 0.09% —0.491"
Ab 0.023 -0.015 -0.226 -0.238 0.458" *
SDy -0.254 0.372" 0.159 0.250 —0.474"
Dy 0.000 0.366" 0.167 -0.058 -0.460" *
Ay -0.098 -0.114 -0.195 -0.266 0.105
SDr -0.084 0.261 0.316 0.445 0.082
Dr -0.130 0.102 0.031 0.225 -0.255""
Rg/ Rr 0.061 0.3757 0.324 0.454™ * -0.339" "
(Rg—Rr)/(Rg+Rr) 0.045 0.365" 0.318 0.459" * -0.326" "
RVI 0.181 0.177 0.262 0.409" 0.241° "
NDVI 0.155 0.151 0.309 0.411" 0.201"
PVI -0.140 0.207 0.157 0.340 0.197*
DVI -0.153 0.207 0.152 0.336 0.193"
SAVI -0.099 0.194 0.175 0.344 0.190*
TSAVI -0.217 0.005 -0.372" -0.433" -0.129
MSAVI2 -0.170 0.217 0.142 0.337 0.203*
RDVI -0.070 0.194 0.186 0.352" 0.196"
SDr/ SDb 0.201 -0.224 0.047 0.110 0.601" "
SDr/ SDy 0.291 -0.261 -0.033 -0.127 0.531" "
(SDr = SDb)/(SDr + SDb) 0.201 —-0.244 0.018 0.123 0.597* "
(SDr—SDy)/(SDr+ SDy) 0.291 -0.293 -0.062 -0.14 0.545* "

®3 BEAERREESHEREHAEERTE
Table 3 The regression equations of LAl and spectral variables

I AL i i Fik R
Growth stage Selected variables Model Formula
FFAEH Flowering stage Rg/Rr —JG IR INZE Quadric equation Y =3.7656 — 1.5205X + 0. 5989 X> 0.1448"
FEE I Flowering and ball stage Rr $8%X Exponential model Y = 7.3016exp(- 19.61X) 0.1548"
JEA4 ] Peak balling stage (Rg-R)/(Rg+ R)  —JCIRMIZ Quadric equation Y= —10.672+68.751X - 78.731X>  0.2199" *
BAEFH] Whole growth stage SDr/ SDb FERREL Power function Y =0.0036 X2 0.3713"
2.4 MEREHGEEEBES T e @ 2 KT AEAS UK BE AN TR], 43500 2K 52.91% 5

W3 4 s, W LUELET2AEFHNEEGE  73.73%, FI, Di—BisoroGisausik B DR742 K7
TR B A S, — B o i s B gl sy TR ST A —n R [ U R AR A I TR B A
BRI RMSE 550K, 43 318 0.96 A1 0.94, Tl MAERERL T, T LA IZ A RIRHAR AL - T FUPS BI00E1 T )
I 5 SB[ A DCHE RECHE L, 39358 1% 1) B,
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Table 4 The accuracy of estimation models of cotton leaf area index
e s e e B 55 S KERY
T IR P B R PSS AR -
. ) .. RMSE RE/ % Correlation between estimated
Growth stages Models Variables  Coefficient
and measured value
A FH] Y =46.603exp( - 30.84X) R1461 0.5347" " 0.96 47.09 0.77" "
Whole growth stage Y=-6.44806+1433.1X DR742 0.5539" * 0.94 26.27 0.78" "
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Fig.5 Distribution of estimated and measured of cotton leaf area index
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