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Estimating Leaf Pigment Contents of Quercus aliena var. acuteserrata with
Reflectance Spectral Indices
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(Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest Ecology and

Environment, State Forestry Administration, Beijing 100091, China)

Abstract: [ Objective ] To detect the relationship between the leaf pigment contents and spectral reflectance and to
recommend useful hyperspectral wavebands and hyperspectral indices for nondestructive and quick estimation of pig-
ment content of Quercus aliena var. acuteserrata. [ Method ] A field experiment was conducted in two plots over two
years. The hyperspectral reflectance of 350 ~2 500 nm and different photosynthetic pigments content of leaves were
systematically measured and analyzed. [ Result ] Spectral reflectance varied with different pigment contents. In
green, yellow and red edge region of visible light region, the leaf spectral reflectance and Chl a, Chl b, Chl, and
Car contents showed significant or highly significant negative correlation, the leaf spectral reflectance and Car/Chl
showed highly significant positive correlation. In the near infrared and shortwave infrared region, the correlation be-
tween the spectral reflectance and the pigment was less than that in the visible light region. The established spectral
indices sensitive to pigments, ND o5 550, 5 ND g09 7057 » MIND g5 705y and mPRI could be used to accurately predict the
Chl a, Chl b, Chl contents and Car/Chl of leaves. The results of independent data verification showed that the fit-
ting relationship of predicted value and the measured value was excellent. [ Conclusion ] The research indicated that

the leaf pigment contents and ratio of ). aliena var. acuteserrata could be predicted effectively with ND ;s .5,
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Table 1 The reflectance spectral index for modeling in this paper
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Related to pigment Reflectance spectral index Acronym Definition or algorithm formula Reference
== o | P2
PR QRERILIHA PSSRa Rypo/Rego Blackburn, 1998
Pigment specific simple ratio index
g B R IH— L2 AR
Rgpo = Reso )/ (Rgpo + R, ac
442 a Pigment specific normalized difference index PSNDa (Raso = Roso )/ (Rago + Roso) Blackburn, 1998
Chl ¢ 6TE 1Y H B A WS %
* FUSYEIRG WAL Hrise 2 A RARSa Ryps/ Ry Chappelle et al. , 1992
Ratio analysis of reflectance spectra index
H— pIop
o ﬂﬁ?«é[ﬁ?ﬂ;& . ND (75 350 (Rzps = R350)/(Ryps + R3sp) This work
Normalized difference index ’
s 2 Fzany =2
~fﬂ3é§lfﬂl‘¥i‘tuﬁfﬁ§& o PSSRb Rgpo/ Ress Blackburn, 1998
Pigment specific simple ratio index
FrE R IH— L2 (R
. Rgpp — Rgzs )/ (Rggy + R ac
4t b Pigment specific normalized difference index PsNDb (Rum = Ross )/ (Rug + Ross) Blackbum, 1998
Chl b T GRE AN =T
&EII}I[JEI Eﬁttﬁﬁﬁ}ﬁﬁ ) RARSD Rg75/ (Rgs9 X Rygp) Chappelle et al. , 1992
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ND Rgyy — /(R R S W
Normalized difference index (800,705) (Rsoo = 705)/ (Ryoo + Ros) This work
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A AR B A o NDVI (Rggy = Raso)/(Ryp + Rosp) Rouse et al. , 1974
Normalized difference vegetation index
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normalized difference vegetation index
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MR IH— L2 (AR .
ND Rggo = Ryps ) /(R Rys - R s
Modified normalized difference index mAND cso.705) (R 705 )/ (Rago + Roos ) This work
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R, indicates the spectral reflectance at the wavelength of A nm.
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Table 2 Changes in pigment content and its ratio ofleaves
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Sample Time of experiment No. of sample Max. value Min. value Mean value SD CV/%
Chl a AR Modeling 2014 150 3.30 0.841 2.32 0.498 21.5
K56 Validation 2015 195 3.11 0.913 2.27 0.489 21.5
Chl b A Modeling 2014 150 1.77 0.265 1.03 0.295 28.7
#5:36; Validation 2015 195 1.36 0.326 0. 860 0.216 25.1
Chl A Modeling 2014 150 4.91 1.11 3.35 0.746 22.3
¥ Validation 2015 195 4.40 1.24 3.13 0.701 22.4
Car A Modeling 2014 150 0.511 0.297 0.421 0.0415 9.85
#:36; Validation 2015 195 0.529 0.278 0.415 0.0553 13.3
Car/Chl A Modeling 2014 150 0.294 0.0818 0.132 0.0383 28.8
K56 Validation 2015 195 0.272 0.101 0.137 0.0243 17.8
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Fig. 2 Reflectance characteristics of leaves at different pigment content levels
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The correlation between leaf pigment content, its ratio and spectral reflectance(n =150).
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Table 3 Quantitative relationships of leaf pigment contentand its ratio(y) to different spectral indices (x) (n =150)

and their predicting performance (n =195)

PSR ST K 5% Modeling K4 Validation
Related to Spectral B 15 7 2 AR MGERE WrRIR TR Al
pigment index Model Regression equation S-R? E-R? # RMSE 2% RE/%  Slope
PSSRa £k Linear y =0. 089 2x +0.495 6 0.191  0.220 0.477 8.573  0.211
k4t Non-linear y =0. 121 92%°%¢ 0.297  0.221 0.471 8.372  0.256
PSNDa £E ¥ Linear y =8.696 8x —5.347 5 0.375  0.588 0. 407 7.702  0.255
H4RE a FE£E1E Non-linear  y =0. 029 4¢* %2 & 0.477  0.603 0.376 7.180  0.319
Chla  RARSa £i Pk Linear y=6.761x —0.054 1 0.686  0.645 0.381 6.993  0.931
4 Non-linear y =7.291 44" 1% 0.707  0.644 0.398 7.335  0.991
ND (705 350) £k Linear y=-5.169 3x +4.501 3 0.746  0.717 0.392 6.818  0.962
JEZE P Non-linear y =6. 908 8¢ =203 0.778  0.677 0.522 8.216  1.156
PSSRb 2Pk Linear y =0.059 6x -0.103 8 0.646  0.653 0.272 12.669  0.854
k4t Non-linear y =0. 233 5¢% 073 0.744  0.627 0.300 12.657  1.056
PSNDb £k ¥ Linear y =4.415 9x -2.907 3 0.452  0.586 0.256 12.634  0.392
2R b JELE P Non-linear y =0. 004 6% %4 0.603  0.622 0.223 11.107  0.490
Chlb  RARSh £ ¥k Linear y=0.099 5x +0.113 0.676  0.675 0.339 14.179  1.196
4t Non-linear y =0. 165 52%81%3 0.768  0.679 0.305 13.223  1.095
ND (s00.705) £k Linear y=-2.8555x-0.798 3 0.631  0.701 0.282 13.462  0.861
LA Non-linear y =0. 092 3¢ =368 0.758  0.698 0.315 13.812  1.095
NDVI £V Linear y =12.307x -7.793 0.431  0.262 0.708 9.376  0.098
JE4t: Non-linear y =0. 004 2¢734 7 0.654  0.246 0.674 8.971  0.183
Green NDVI £ #%: Linear y=10.61x -4.636 9 0.784 0.783 0.711 10.032 0.732
FELEME Non-linear  y =21. 13x% —17. 643x +4.570 2 0.804  0.787 0.861 11.364  1.014
nhgEZ  ND70S Zi ¥ Linear y=7.140 4x - 1. 081 6 0.805  0.789 0.539 7.661  0.696
Chl R ME Non-linear  y =0. 347 7¢> 4% 0.859  0.779 0.688 8.313 1.114
mND705 2Pk Linear y =6.627 9x —1.090 7 0.814  0.775 0.543 7.642  0.710
LR Non-linear  y =0. 348 9¢> 305 4 0.863  0.764 0.708 8.514  1.129
mND (509 705)  £&E Linear y=7.3515x-1.5415 0.820  0.779 0.555 7.751  0.757
JEL M Non-linear y =6.793 1« 7?7 0.851  0.778 0.569 7.555  0.899
PSSRe £k Linear y=0.008 7x +0.221 9 0.203  0.009 0.062 5.722  0.042
JELEPE Non-linear  y =0. 000 1x% +0. 004 3x +0.268 3 0.204  0.007 0.063 5.710  0.039
PSNDc 21 Linear y=1.887 3x —1.307 2 0.186  0.019 0.058 5.458  0.044
AEL M Non-linear  y =29. 316x% —51. 11x +22.639 0.203  0.011 0.062 5.657  0.047
RARSc £k Pk Linear y =0.007 8x +0.259 4 0.251  0.110 0.056 5.258  0.119
k4 Non-linear y =0. 279 3¢ 014 0.255  0.106 0.055 5.190  0.125
R b2 CRIS50 24k Linear y=0.016 6x +0.214 7 0.401  0.075 0.058 5.601  0.110
Car R4kt Non-linear y =0. 124 544338 0.422  0.077 0.057 5.460  0.106
CRI700 £k Pk Linear y=0.015 4x +0.222 8 0.314  0.041 0.056 5.53  0.073
Rk Non-linear y = —0. 002 82> +0. 085 5x —0.201 1 0.359  0.044 0.058 5.527  0.058
mCRI £ ¥ Linear y=0.014 8x +0.268 6 0.279  0.021 0.059 5.678  0.057
kit Non-linear y =0. 286 27 0.282  0.019 0.059 5.642  0.058
SR(s30,000) kP Linear y=-0.627 2x +0.492 6 0.341  0.672 0.045 4.356  0.251
JELE M Non-linear y= -2.060 32* +0.003 1 x+0.450 1  0.347  0.643 0.047 4,577  0.185
PRI £k Linear y=-1.0313x +0.188 0.848  0.690 0.014 3.874  0.854
JEL M Non-linear y= —1.4413x* - 0.9827x+0.1912  0.853  0.673 0.015 4.027  0.868
e PRI Zi ¥ Linear y=2.193 4x +0.123 1 0.179  0.085 0.026 5.609  0.049
;/”i%; 4k % Non-linear y =56. 3% —0.481 8x +0.1312 0.204  0.046 0.025 4.861 0.006
ACar/Ch{\ SIPI £k ¥k Linear y=2.071 8x —1.956 3 0.386  0.493 0.023 4.910  0.197
JELEPE Non-linear y = —63. 6422 +134. 12x —70. 389 0.530  0.480 0.024 6.934  0.528
mPRI Z& ¥k Linear y=-0.6118x+0.193 2 0.872  0.701 0.016 4.485  0.981
£k Non-linear y =0. 466 6x% 0. 663 4x +0.192 2 0.876  0.721 0.015 4.215  0.982
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Fig.4 The linear and non-linear relationships between leaf pigment content, its ratio andspectral index (n =150).
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Fig. 5 Comparison between the predicted and observed leaf pigment contentand its ratio based on spectral index(n =195). RE RMSE, see Table 3
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