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B A 22 B £ R 45 0 3 B o 5 LA 4 AR AR
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Table 1 Statistical description of pigment content in conifer species
R Hdls 4 FEALL/ A A NI e /ME T 22 A5 5t REL
T 2 U D) 23 144 0.170 0.273 0.117 0. 029 0.172
CH R .
" - HriiE 36 0.164 0.222 0.113 0.028 0.174
KB b D 3 144 1. 267 2. 386 0. 534 0. 494 0. 390
= ~ IS 36 1. 745 2. 946 0. 860 0. 662 0. 380
) i3 144 15. 661 31.277 0. 998 6.739 0. 430
&% /(mge L) . _
B E 36 17.738 24. 584 13.176 3. 614 0. 204
i3 144 11. 803 22.538 4.778 4. 624 0. 392
M4EE a/(mg+ L1 -
B UE 36 17.539 27. 412 10. 194 4.531 0. 258
g 144 4. 262 8. 775 1. 405 1. 968 0. 462
M4 % b/(mg + L) . i i
B AiE 36 5.823 10. 435 3.056 1. 986 0. 341

2.2 #AStH B SHFE., il R & i R4 E
LM MOESHME L, o, C, SHBER THM 4
AR (p<C0.01) 5 MTLLAREFIE 07 (B3 i W12 7 Hoft 4 A4
PR, B R (p<C0.01) . iy T 4T ok 4 B 4t
TG R W, FasysE, M, WsE LHE.

a CZLBRI) WA o i, AObE S HZEAL 2.

5 BB A B I S Ol T S A S AL AR R, PRI L
(), 1E 7] WGP BE 500 F1 680 nm B3 I “ W 45 " R 41 487
BE, 550 nm B B2 B a7 LA . Ok S BT R AE 700
~760 nm JE B #F ETF. IFAE 760 nm BT 2 B LNV H
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Fig. 1 Original (a) and first-order differential (b) spectral curves of conifer species
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2.3.1 #teE4 5 e AMEAAAR
SMARTESOESEE LW 5D 5 3 & K7

¥, M ¥ R BN —0.620, —0.775, — 0.752, — 0.797,

—0.830, ZFRENE 2, X5 LMY HIRER -, 0EZGE

S5EESHERFE M,

R2 HHAMERSESEHSHHEXESN
Table 2 Correlation analysis between pigment content

and color parameters of conifer species

2; HHE fif g% wEEa WEED
L —0.620** —0.775** —0.752** —0.797** —0.830" *
a” —0.461* —0.662** —0.644** —0.702"* —0.734" "
b* 0.329 0.525* 0.513* 0.569 0. 588
¢ —0. 375 —0.575** —0.561* —0.618 —0. 641
S —0. 366 —0.575** —0.561* —0.619** —0.644"*
0.1 (a)

A b

Correlation coefficient
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W B B FF, FE 760 nm BT H 0B A HLAH 56 R BOE AL
2% . — WG RGT B AL F AL IE X 8 (490 ~530 nm) I
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Fig. 2 Correlation analysis between raw spectra reflectance and pigment content (a) and first order spectral reflectance (b) and

pigment content of tree species



540 T 5% 4 A %542 %
*3 WHMEBRSESHERFEEXRHY
Table 3 Correlation coefficient between pigment content and spectral reflectance of tree species
e e AT EH MR L3 M2 a 2R b
BBt AH R R AL W B TR R BB AHOC R B BB LB %4 W B LEES s
SRR TS 487 0.075 676 0. 001 676 0. 041 676 —0.005 676 0.003
715 —0. 307" 715 —0.533"* 715 —0.456" 712 —0.551"* 715 —0.537**
— B 652 0. 439" * 652 0. 641> * 652 0.586" 652 0.647** 652 0. 655" *
513 —0.519"* 700 —0.714"* 700 —0.612"* 700 —0.713"* 700 —0.722**
x4 WHERSESALHESHEXEST
Table 4 Correlation analysis between pigment content and spectral characteristic parameters of tree species
itk SR HR KHH bR L MR a M2 b
LrIE IR Re —0.286* —0.418* —0.356" " —0.429* —0.420" "
I3 ME{H Rr 0. 041 —0. 004 0.034 —0.011 —0.002
Wi iE {4 Db —0.306" —0.349" " —0.285" —0.349" —0.337" "
Wi IF{E Dy —0. 066 —0.016 —0.034 —0.032 —0. 006
ZLIN R AE Dr —0.347" —0.598" —0.525" —0.616"* —0.602" "
W 217 B SDb —0.519** —0.629"* —0.544" —0.627** —0.626" "
¥ 1 A SDy 0.459"* 0.621"* 0.554" 0.631"* 0.624" "
ZL30 T AR SDr —0.087 —0.133 —0.115 —0. 141 —0. 140
He (A B 36 2 RVI —0. 608" * —0.642* —0.623"* —0.677" —0.632**
ZAEA B IEE DVI —0.575"* —0.761"* —0.710%* —0.777* —0.694*
I — kAl 45 % NDVI 0.595** 0.713"* 0.697** 0.770" * 0.704" "

2.4 EEYSREIE

HUFT AR 1 7 TR TG S — A2 A7 TR D) 2 W R 2
BEGFEL, Wil T2 HBEFEMEL, Wik, 2044 m118
REAF Mz = R R 0 A — e &k R A
Z JCL AL A ] A e /D ok 3 Bl vk, Bk 2 e &tk
A 8] VA B 3 ECAE W G B OB R .y T fE R b A
ENMERGEESE LSS HET, A2 Tk EE L N
A5 HT 53, T M EF S8 Lk R 4 T
Lo MR R B A,y AR = (2)

y=a, +a X, +a X, + - +a,X, (2)
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B X, W DRAEE R HEEL
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Table 5 Pigment content and color parameter model fitting

OB IE 2 R0 @R B Sk e B B U RO A
AR, PR 3. R4 HEFE G EME - B XD 50K
F 0.460, 0.620, 0.550, 0.620 FI 0. 620 H # 15 FOM) F 4 4
BAE AR BAL, AR E SR 6,

R6 STHAMEBRSESRLILTERBEUSTNIER

Table 6 Pigment content and spectral value

modem of conifer species

gy TR WER WE R
Kr BMRRGR%
wHEE 0.694 0.482 0.432 0.022 2.114
K N&E 0.882 0.779 0.749 0. 247 1. 876
-4 % 0. 785 0.616 0. 565 0. 205 2.097
M4t % a 0. 887 0. 786 0.758 0.177 1. 838
H4tE b 0. 880 0.774 0. 744 0.196 1. 893

2.4.2 BAGGkLBE
MIERERSEESHE (R D . X T ES5EIER

evaluation indexes of conifer species

R KR mg;% yj&ﬁi% ﬂif.g TT{;E:;& Durbin-Watson
e 0.767 0.588 0.540 0.019 1.787
R NZE 0.824  0.679  0.593  0.337 1.893
Mg 0.799  0.638 0.542  0.194 2. 090
M2 a 0.825  0.681  0.622  0.245 1. 867
4% b 0.863 0.745 0.698 1.089 2.112

VLR B i o RS &t DA R0 — B 20 B9 O % s 5

SRR OME R R ARMEMTTRE . DW B I U A &

B, FOpERR . HMEEDHU L. a” ML a” 0", S
HSHAG W AZEN, R Fms MENE PR, MK a,

4% b #IE L FDgsy » FDryo» SDb, SDy, RVI, DVI, NDVI
HiESEBAG A ZERN, R @B, 7 WuEfia
&S I LA 36 I . LA R®, RMSE R3EA 48 b5 F1) B 56 5iF
AR KT 00 1 RR AT B, 25 R WK T,

5 Fifr € 28 = S 5 T B0 A BOS BE LI 3, 2K
RS DL MEE b AR a WIEE RT 3KF] 0.76 LU L,
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Table 7 Optimal fitting model and accuracy verification
" AR KR
1% % o .
R? RMSE R? RMSE
wHFR y=1.535—0.023L+0. 109a* 0. 588 0.019 0.590 0.024
. =2.618 — 60. 118FDgs52 — 36. 335FDyq0 + 6. 329SDb + 8. 615SDy +
% : Y o0 0o 0.779 0. 224 0. 770 0. 345
KNP H 0. 171RVI—1. 946DVI—0. 424NDV1 ’
-4 2% y=292.089—5. 673L+48.308a* —19.2026* —0. 185S 0.638 0.201 0. 636 0. 215
y=19.369—1760. 51FDgs2 — 266. 4FD700 + 96. 842SDb+ 165. 019SDy
4% 2K a h 0. 786 0.187 0.777 0.214
ThEA +3. 78RVI—3. 82DVI+16. 352NDVI
y = 16.161 + 2406. 3FDss. 337.164F D70 26.171SDb —
HatE b 0.774 0.179 0. 764 0. 184
PR 165. 976SDy—2. 781RVI—23. 02DVI—27. 467NDVI
43 %b ST |2 o
12- N 4 HHAY b 30 -4 #a
3 104 » A 93 . .; 525 Lt
2 87 e 2 e 5 20 .
B A g2 A 'y k=] A
3 61 s % y=0.851x+1.548 J3 o b 1=0.909x+0.258 215 =0.972x+1.442
4 X R=0.764 &1 CRaE R=0.770 ~ 10 R=0.777
2 T T T T J 0 T T T T T d 54 T T T T 1
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Fig. 3 Scatter plot of measured and predicted pigment contents
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A 58 Ty 15 A1 Durbin-Wastson #5854 5% 22 Ji 57 PE A 56
DW #3022 1k 2 20 (3)
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M
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Prediction of Conifer Pigment Content Based on Color Parameters and
Hyperspectral Characteristics

WANG Yi-heng', SUN Kun', WEN Zhe', SUO Ying-bo*. ZHANG Qu', WANG Ge-rong' , WEI Jin-hua'"

1. Forestry College of Beihua University, Jilin 132013, China

2. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan
430072, China

Abstract  Spectral imaging technology is widely used in the field of non-invasive determination of physical and chemical
parameters of plants, and scholars have also explored the correlation between pigments and color parameters. However, it has
not been reported that the models fitted using color parameter values and spectral parameter values as independent variables and
pigment content, respectively, are compared and optimized. In this experiment. five conifer species were used as research
objects, and 11 spectral vegetation parameters, including blue edge amplitude Db, yellow edge amplitude Dy, red edge amplitude
Dr, green peak amplitude Rg, red valley amplitude Rr, blue edge area SDb, yellow edge area SDy, red edge area SDr, ratio
vegetation index RVI, difference vegetation index DVI, and normalized vegetation index NDVI, were screened as the basis of
spectral analysis in this paper. The measured conifer color parameter values and spectral parameter values were used as
independent variables, respectively. Stepwise multiple linear regression (SMLR) was used to estimate the pigment content to
establish a model, with R* and RMSE as evaluation criteria, and the parameter combinations with the highest model accuracy
were compared and selected for practice. The results of the study indicate that: (1) There are differences in leaf pigment
content, color phase parameter values, and reflectance spectral between tree species ( p< 0. 05). (2) The leaf spectral reflectance
of Pinus koraiensis Sieb. et Zucc. was significantly lower in Pinus sylvestris var. mongolicalitv. . Pinus banksiana Lamb and
Pinus densi floraSieb. et Zucc. (p<0.05). The original spectrum of conifer species shows “blue valley phenomenon” and “red
valley phenomenon” near 500 and 680 nm in the visible band, and “green peak phenomenon” and “red edge phenomenon” near
550 and 760 nm bands; the first-order differential spectral reflectance produces dramatic changes near 700 nm. (3) Pigment
content was significantly correlated with color parameters, spectral reflectance, and spectral characteristic parameters, and there
was a significant linear relationship. (4) When anthocyanins and chlorophyll were combined with L, a® and L, a*, " , and S
color parameters as independent variables, respectively, the fitted model R* was the highest, 0. 588 and 0. 638, respectively. In
contrast, carotenoids, chlorophyll a, and chlorophyll b were all combined with FD652, FD700, SDb, SDy, RVI, DVI, and
NDVI spectral parameters as independent variables. The fitted model R* was the highest, 0.779, 0.786, and 0.774,
respectively. In this study, a hyperspectral camera, color difference instrument and UV-Vis spectrophotometer were used to
realize rapid prediction of needle pigment content. Based on a significant correlation between color parameter value and spectral
value and pigment content, the parameter combination with the highest accuracy of the established model was successfully
selected. Different methods and parameter values could be selected according to the accuracy requirements and research

conditions in predicting of needle pigment.
Keywords Conifer species; Pigment content; Plant spectrum; Chromatic parameters
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