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Estimation of cotton Car/Chla ratio by hyperspectral vegetation indices and
partial least square regression
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Abstract: Estimating the ratio between carotenoid to chlorophyll a (Car/Chla) provides an additional avenue for the assessment of
physiology and phenology of plant growth and development. With the aim of assessing cotton Car/Chla ratio from hyperspectral
reflectance, a wide range of carotenoid (Car) and chlorophyll a concentrations, and leaf and canopy reflectance at cotton different
growth stages were measured. The performance of a variety of Car/Chla ratio related vegetation indices and partial least square
regression (PLSR) for Car/Chla ratio and Car estimation were tested. Among all tested vegetation indices, PRI (Photochemical
Reflectance Index) and linear PRI models had the most significant correlations with Car/Chla ratio and Car, and could accurately
estimate, Car/Chla ratio (R leaflevel = 0.69 and R canopy level = 0.67) and Car concentration (R reaflevel = 0.44 and R? canopy level = 0.36).

The best estimation of the Car/Chla ratio and Car was provided by PLSR models with R* > 0.80 between the estimated and meas-
ured value for Car/Chla ratio and R* = 0.74 for Car. Both reflectance indices and PLSR method were more successful for the esti-
mation of Car/Chla ratio than for that of Car concentration, indicating the promising potential of Car/Chla ratio as a powerful in-
dicator using for plant status monitoring by remote sensing. Besides, accuracy test of models using validation dataset highlighted
the remarkable performance of PLSR for Car/Chla (Rzleaflevel 0.87 and R® canopy level = 0.84) and Car (R leaflevel = 0.73 and cham,py
level = 0.74) estimated by hyperspectral reflectance at both the leaf and canopy levels. The results further prove the remarkable
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performance of hyperspectral reflectance for the estimation of Car/Chla ratio, and enrich the parameters for monitoring high tem-
perature stress, water deficit stress, and nutrient stress and pest diseases by remote sensing in cotton.
Keywords: Car/Chla ratio; carotenoid; PRI (Photochemical Reflectance Index); PLSR (Partial Least Square Regression);

cotton

(chlorophyll, Chl)

(carotenoid, Car)
(1

[2-6]

(7]
(8]

[9-10]
[11-13]
[12,14-16] ’
Sanger!'”)
a : Pefiuelas  [1817]
a (Chla) (Car/Chla)
, Car/Chl ,
[20]
Pefiuelas ['*
Car/Chla ,
(Normalized Difference Pigment Index, NDPI)
Car/Chla
Pefiuelas 2!

Car/Chla ,
(Structure Insensitive Pigment
Index, SIPI),

Car/Chla S
Car/Chla , Car/Chla
( 1), SIPI , Car/Chla
10 , SIPI ; Merzlyak el
( )
( ) , 500 nm
680 nm (Re75—R500)
(Plant Senescing Reflectance Index, PSRI), PSRI
Re78/R750
PSRI ; Nakaji ! Garrity  #*

Car/Chl
(Photochemical Reflectance Index, PRI)

E

Car/Chla
, Garrity ] PROSPECT-5
PRI  Car/Chl , R*=0.83,
PRI Car/Chl
0.22,
; Hernandez-Clemente
(24] , PRI
PRI  Car/Chl ,
PROSEPCT+DART PRI

0.9
[20]

Car/Chl

(Combined Carotenoid/Chlorophyll Ratio Index,
CCRI)®,
Car/Chl Car/Chl s
SIPI PSRI PRI Car/Chl
Car/Chl ,
Car/Chl ,



1268

46

, , 0.7 m, 25°
ASD
, , 10
) 10 )
, , 122 &Z4EnE ,
Car/Chla 02 g , (
, =45 4.5 1.0)(v/v) 25 mL,
722's
, , 663 645 440 nm
, (optical density, OD), oD s
[26]
1 MRI5R%
1.3
1.1 Car/Chla
148 , Car/Chla
149 150 (84°58'—86°24'E, 43°26'—45°20'N), Hernandez-
,2011 2012 4 Clemente 24
50 hm’ ,
6~8 (Rs15/Rs70),
2011 6 9 ( Yy 7 14 ( ) 8 , Zhou ! CCRI,
17 ( ) 2012 6 19 ( ) 7 19 Car/
18 ( )8 1 ( ) Chla )
1.2 Car/Chla
1.2.1  g#n g ASD (Analytical
Spectral Device) ASDFieldSpec Pro FRTM 1
s 350~2500 nm, 1.4
350~1000 nm 1.4 nm, (partial least square regression,
3 nm; 1001~2500 nm 2 nm, PLSR) R
10 nm [28-29]
, 12:00-16:00 Geladi P  wold BY , PLSR
s Car/Chla
x1 XA IEREY
Table 1 Vegetation indices used for Car/Chla ratio and carotenoids estimation
Index Full name Formula Reference
PRI Photochemical Reflectance Index (R531-R570)/(R531+R570) [27]
PRI*CI Carotenoid/Chlorophyll Ratio Index (R531-R570) / (R531+R570)*((R760/R700)—1)) [23]
PSRI Plant senescence reflectance index (R678—R500)/R750 [16]
Rs15/Rs70 Simple ratio vegetation index R515/R570 [24]
CCRI Combined carotenoid/chlorophyll ratio index ~ (R720-R521)*R705/(R750-R705)*R521 [25]
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Table 2  Statistical information of the Car/Chla ratio and Car for calibration and validation datasets
Car/Chla Car/Chla ratio Car (ug cm ™)
Level Dataset n
Mean Range SD Mean Range SD
All 141 0.286 0.109-0.495 0.081 13.49 3.97-23.06 3.99
Leaf level Calibration 94 0.283 0.109-0.478 0.081 13.08 5.76-22.83 3.72
Validation 47 0.292 0.118-0.495 0.083 14.32 3.97-23.06 4.40
All 159 0.302 0.109-0.495 0.082 14.15 3.97-23.06 4.16
Canopy level Calibration 104 0.300 0.109-0.440 0.082 13.88 5.76-20.93 3.91
Validation 55 0.306 0.118-0.495 0.082 14.55 3.97-23.06 4.51
%3 ETFHEHEIBHE Car/Chla LLER Car fEFHE
Table 3 Vegetation indices predictive models for Car/Chla ratio and Car
Leaf level Canopy level
Method Car/Chla ratio Car Car/Chla ratio Car
PRI-Linear y=-0.834x+0.338 y=-30.58x+14.86 y=1.343x+0.313 y=-0.009x+0.135
R*=0.723 R*=0.541 R*=0.670 R*=0.486

PRI-Polynomial

PRI*CI-Linear

PRI*CI-Polynomial

PSRI-Linear

PSRI-Polynomial

CCRI-Linear

CCRI-Polynomial

y=1.897x*~1.31x+0.348
R*=0.732
y=-0.155x+0.328
R*=0.638
=0.104x*-0.293x+0.341
R*=0.681

y=3.711x + 0.323
R*=0.203
y=—180.3x"-0.66x+0.314
R=0.257
»=0.173x+0.079
R*=0.501
y=—0.134x>+0.49x—0.097
R?=0.580

y=26.1x"-37.07x+14.9
R*=0.542

y=-5.35x +14.37
R*=0.426
y=5.38x"-12.49x+15.03
R*=0.488

y=1552x + 14.47
R*=0.196
y=-11414x"-122.7x+13.9
R*=0.314
y=5.42x+6.38

R*=0.272

y=—7.09x> +22.3x-2.89
R*=0.396

y=3.191x*~1.679x+0.309
R*=0.681

y=-0.127x + 0.32
R*=0.519
y=0.073x"-0.248x+0.321
R*=0.627

y=1.74x + 0.293
R*=0.157
y=—54.95x+2.56x+0.31
R?=0.239
y=0.182x+0.082
R’=0.405
y=—0.364x7+0.976x—0.317
R?=0.526

=0.001x*-0.044x+0.349
R’=0.487
y=-0.0718x+1.1565
R*=0.356
=0.01x*-0.34x+2.79
R*=0.431
»=0.0015x-0.0158
R*=0.093

y=—=0.0004x> +0.01x—0.09
R’=0.244
»=0.031x+0.758
R*=0.189
y=—0.008x>+0.239x-0.51
R*=0.417
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Fig.2 Measured vs. estimated Car/Chla ratio and Car for PLSR models using calibration dataset
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Table 4 Cross-validation results for the Car/Chla and Car predictive models

Level Method Parameter R’ RMSE RMSE (%) a b
PRI Car/Chla 0.69 0.05 15.8 0.66 0.09
Leaf level Carotenoid 0.44 3.57 249 0.37 771
PLSR Car/Chla 0.87 0.03 10.7 0.83 0.04
Carotenoid 0.73 2.39 16.7 0.67 4.02
PRI Car/Chla 0.67 0.05 15.3 0.67 0.09
Canopy level Carotenoid 0.36 3.62 249 0.37 8.74
PLSR Car/Chla 0.84 0.03 10.1 0.84 0.05
Carotenoid 0.74 2.19 14.9 0.72 3.87
Car/Chla Car 3 T8
3
Car/Chla Car
PLSR S PLSR
PRI
b
Car/Chla Car s PLSR
PROSPECT-D SAILH
b
s Car/Chla
, PLSR PRI Car/Chl

4 PRI  Car/Chl
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Fig.3 Measured vs. estimated Car/Chla ratio and Car using validation dataset
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