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Changes of spectral reflectance of Pinus koraiensis and Abies nephrolepis along

altitudinal gradients in Changbai Mountain

FAN Xiuhua", LIU Weiguo, LU Wenmin, FANG Xiaoyu
( Beijing Forestry University, Betjing 100083, China)

Abstract: In order to assess the influence of altitudinal gradients on the spectral reflectance of Pinus koraiensis and Abies
nephrolepis which are two dominant conifers in Changbai Mountain, we measured the spectral reflectance of their needles at
different altitudinal study sites, using a spectral analysis system in 2008 ( Unispec-SC spectral analysis system). Samples
were chosen in three altitudinal sites (748 m, 1040 m and 1279 m, respectively) to represent the variability of spectral
reflectance in our study. Six trees were selected for each studied species in each study site. Measurements were performed
at noon during sunny day. Before we assessed the variation of the speciral reflectance, ordinary methods measuring the
pigment contents were adopted to examine the correlations between pigment contents and spectral indices. And
spectrophotometer was used to analyze the pigment concentrations. Most of the spectral indices were significantly correlated
with pigment concentration at the 0. 05 level. We compared the characters of spectral reflectance and spectral indices among
study sites. The ratios of spectral reflectance for each wavelength were calculated. Spectral indices for each species,
including three indices for chlorophyll and two for carotenoid and two for Car :Chl, were analyzed subsequently.

To quantify relationships between spectral reflectance and altitudes, Pearson correlation coefficients were analyzed for
altitudinal gradients and specific wavelength. The results showed that there were significant differences in the spectral
reflectance among different altitudinal sites. Strong correlations were found between elevation and wavelength in visible and
near infrared regions. Spectral indices also showed significant variations with altitude increase. Maybe this means the
changes of physiological conditions. The chlorophyll content decreased and the carotenoid content per unit chlorophyll

concentration ( Car :Chl) increased with the increasing of the altitude. Lower total pigment concentration of P. koraiensis
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and A. nephrolepis occurred at medium altitudinal site (i. e, 1040 m). Both studied species, P. koraiensis and A.
nephrolepis, showed the highest total pigment content at higher altitudinal site (i. e, 1279 m). Significant differences
among altitudinal sites were found for every studied species. Strong correlations occurred in most of waveband, although
there were obviously differences between two studied species. Chlorophyll indices indicated that the highest chlorophyll
content of P. koraiensis and A. nephrolepis occurred in lower altitudinal site (i. e, 748 m). The highest Car :Chl in needles
of A. nephrolepis occurred was in medium elevation (1040 m) in broad-leaved Korean pine mixed forest and spruce-fir
mixed forest. These indicated P. koraiensis and A. nephrolepis in 748 m confronted lower stress, and A. nephrolepis
confronted the highest stress in 1040 m among three gradients. Spectral reflectance curve and spectral indices varied with
the elevation. It suggested that the physiological status of P. koraiensis and A. nephrolepis changed. But there was no
significant difference in spectral characters between medium elevation (1040 m) and higher elevation (1279 m) in P.
koratensis. This may be attributed to the variations of special character of ecotone. Trees always showed higher chlorophyll
concentration in their dominant distribution regions, thus the dominant distribution region of P. koraiensis was probably

lower than 1040 m.

Key Words:; pigment; altitudinal gradient; spectral reflectance
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W BABHOT R EE R A AL RS2 25 6 B, BEAREI 20 7 e (et e it gk A Tl & | 4 7 it
T 1R, AR B I Y FE I R 0y AR AT, H 142 2008 47 A 25 H (748 m) 7 128 H
(1040 m) .7 H 19 H(1279 m) ,

R1 FIRMAER IR RR B R A

Table 1 Altitude, latitude, longitude and the community of research site

4K Altitude /m 43 )% Latitude 24)¥ Longitude BEVE SR Community type
748 42°21'N 128° 08'E [ RARAYIN
1040 42° 15'N 128° 04'E [ L AR VY S % SU s 4 3
1279 42° 08'N 128° 08'E =R

1.2.2 S @ ZRE &

G AERFANRAR LN RV AZE I B T ok G rh i I 5286 5, 57 BV G350 0 4 00 o ik (9 5l 33 s 559
OH N 3 BT 1 4L, RBAZ 8 B 1 AL LA AT I A — 3R, SR 2 Rk A AR B B A
I BRI SR A Arnon I & €0 2R A9 7 & OB B AL B IE B R A 80% TN R VR TR R Y, 24h JE H
722N SPCEEETHIN BRI 663 646 470 nm [YGH FE A, SR )5 R4 Lichtenthaler Z£XF Amon i AB IEJ5 B2
RO HPTHEM R S MRS R,

1.3 Hmibt

s 2 NI E BB OGS RO R SR 4 R S M RIRIE RS RGeS Bt 4k
Rom KBS MRS E DUSIRNI RS DR SR AHICOCER M OISO T & R Z R Y
X

W B GG +8 5 2 — A M H — 1 $8 20 ( NDVI, Normalized difference vegetation index ) , X 1~48 5 5 -2
RS EAMRFMArE LR . HEERIT—1bF8 % CRINDI, Chl normalized difference index ) 2 /i Wt -4 %
R IBIFHEECT . mSR g = (R ~Rys )/ (R —Russ ) BB HPH (R_ ) 7E 750—900 nm 75 Bl P, A0k
K (R, ) TE 660—720 nm JEFEN , ARBFFE {4 800 nm F1 680 nm 43 HIVE A2 eI K AFE B K Rt
ZLIHAE (A g red edge) WSR2 S B TR 2

HKEAE N KI5 ( Carotenoid reflectance index, CRI) 2B 550 nm A1 700 nm &b 52 S {E %05 510 nm
b A BRI 22 5 Z A8 B0 Car FZEALTE UK th T8 b RAE 445 om A —IRIE | 5
LERITCRAB R AG L ( SIPI , structure-independent pigment index ) 52 H B 2R R 2REE S N 2K & & (CarChl) .
i Ttk S S8R0 PRI, photochemical reflectance index) ' FIH i RGP AR A ML BB AR S
TSN, 1 2 R S B R IE A T A A R R, R BB T AR B LY LR G A R, Rk
B PRI A5 A SRR IS N & AR A e

DG A5 5 A MultispecS. 1 FRAE R 5 1 OGS RO R R FDGIEFE, Hoh R OEM R Ui 5
SRS A, 0615 FE 505 (0 R WK BE 1Y Pearson AH & 3 80 AN [A) 1 35O 1% 45 £ 1Y 22 5 L3¢ ( Tamhane's
T2) i@t SPSS13.0 Geit# b5,

2 ZEREHH
2.1 ZIR RWEEIGEIEECG e R RS MRS SRR

Geit B, H OGS TE 2 SIPL F PRI 52108 RV 2GRN TR 2 8 b R & & 09
% ,CRI500 I CRIT00 5215 MR AAHCIEWA B35 . Ay (CRINDI SELHN RV AZ I S 3R 5 B R B
W S 2 ARG o EAh  Z0AS | SR A2 AT M B (3R 5 1 5 45 I B S SR R A DG I AN AR ], e A 43 30l A 20
RSZE T 5% 8GR EMEXER &S GEfe s (£ 2) .

2.2 ARENEHH OGS R AR
XTLCETARS 3 AT 35HT 10 D615 B 33T 238 76 T DLOETE BN, R g0 51 T Rosg B R 79, Ry PRy B35 1,30,
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Ry iRy BARIE 0. 66, XF L 748 m F11279 m BG4, 7E 400—505 nm JW N, R,y 1Ry /N T 1, HAKIA
0. 8,11 505—700 nm JEFE A, R 1 1R IR T 1(CAIE 1) , 365 1040 m ACLIAAAY (R SRR, W RBAZ3
AT (16T SR FE T WETE BTN, R 40 90 T R 1o 1 Rogg s Rygao * Roug TR035 2. 77 Ry R 00 T AIKIR 0. 26,
XFEE 748 m F 1279 m AL AEIE R LE T WIS RN, R o 1 Ry TH/NTF 1 (AN 1), BEHH 748 m F1 1279 m
RO B i = T 1040 401,

F2 O REUERIEEBEMRE LPE MNELEENHEXRR
Table 2 The correlations between the spectral indices and the concentration of Chl and Car of P. koraiensis and A. nephrolepis

RV RS

SiH T AHIE R AL MRS AHIR R AL KRY MRERE  MHRRE
It\ - T Ch Correlation Chlorophyll Correlation Carotenoid Correla-tion
>2m > T
¢ Chfi Ei_ i coefficients concentration coefficients concentration coefficients
ratio
EAR/N . (Rgo0=R710) s .
P. koraiensis 702775400 0.465 /(Rggo+Ro1) 0.798 6137 Iega 0.746
(Ry00=Rapo ) (Re13—Ress )
0.433 " Rgpo/R 0.822 *** -0.754 "
/(Rypp +Rypo ) S0 /(Rgi3+Regy )
R R
/(ij I;SO ) 0.543 """ ChINDI 0.764 *** Rs60 -0.458"""
800 LLes4
SIPI -0.008 mSR 0.555** CRlss, 0.222
PRI -0.172 NDVI 0.454 """ CRI;, 0.316
iR % . 0,685 * (Rsys—Rsg7 ) 0,671
Spectral e ’ /(Rsys+Rs¢7) ’
indices LRy Z ) (Ry40=Reos ) .
A. nephrolepis 606775596 0.599 /( Ry +Reos) 0.720 696 0. 698
(Reo6=Rsog ) ,
/(Raoa +RS96 : 0.6*** Ryso/ Reos 0.681 *** CRIss, 0.145
606 Tt596
(1/Rgop—1/Rsgs)
o ~0.605 """ Chi NDI 0.712*" CRIyq 0.17
/Reggo
SIPI 0 mSR 0.504 ***
PRI -0.387 NDVI 0.663 ***
Apg 0.651 """
# P<0.05; * % P<0.01; * % % P<0.001
30
8 14 —— R1040:R740
S 13 ——- R1250:R740 25
g ------- R1250:R1040
@ 12 20k
5 1.1
2 10l J N 15}
o - i
(P N N -
N gy 0] _
LEL N s Ly
| y 5 P -
0.7 Wt .
0.6 1 | | | 1 1 1 0 1 1 1 1 | 1 1
400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100
Wavelength/nm

Bl1 O REEARERNIERSTENLEHLE

Fig.1 The ratio of spectral reflectance of P. koraiensis and A. nephrolepis among different altitudes
2.3 MEFOCIEIRBOT I
G35 FEELAA R RS AZ 3 A G R O A O W 28 OB AR A (3 3) , ZIANTE 748 m AR GIEFE EE
P T 1040 m ALFT 1279 m ALAFEEL(E 1279 m ALBOGIEHEEE S 1040 m M(ETC & 25 5% R IZAE
748 m BPDGCIEFEROY B T 1040 m 11279 m &b ,1279 m BFE%C, B Chl NDI, HiAxH) 3w TR 1040 m
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Ab X L] 1040 KRBT IR B AR T 53 AR INIREIR

R3 AR BRUFEBRMHEEIEHLER

Table 3 Comparing chlorophyll indices of P. koraiensis and A. nephrolepis among different altitudes

£LHA P. koraiensis RS HZ A, nephrolepis
i SRR it IR R
Spectral indices Comparing of mean values Spectral indices Comparing of mean values
ChINDI Magg> M 100 """ ChINDI Moye> My *
Miggo> M 1279 Mog> M 100~
Mygg> M 1530 * Migso< M 1279
Rsoo/ Rsso Mags> M g0 ™" R340/ Regs Mos> M 550 “F
M0 < M 139 Magg> Mgy “""
Mg >M 1570 " ° Migso< M 79 "
(R =Ry10) 7 (Rso +R710) Magg> M 40 * (Raso=Reos )/ (Rasg+Reos) Mygg> Mz *°
Migs0> M 139 Magg> M 140 “*°

£k

B
Mos> M 1279

P IR EUAY M M 387K , the value of each spectral indices is presented by M

2.4 Bl R

O3 IR LIRS R IZEIE N RIEEC L00 1279 m WYGIEFEEOR 1040 m OEIEEBOE T AR 1.3 748 |
1279 1040 m MOGIEEEZE T BE RS2 S MBS, 1279 m 1 (Rss—Rs )/ (Ryys +Rsg ) TEEE K T 1040
m 1 748 m BYFEEUMH , 748 m BME KT 1040 m, K2 Ry, 5SS D RSB FAHDE, TR/ RS (Ryys -
Ry )/ (Ryys+Rsg) ) IFHR (2 4)

M40 < M9

R4 AR RRUAEBREPE MREHLILR

Table 4 Comparing carotenoid indices of P. koraiensis and A. nephrolepis among different altitudes

2K\ P. koraiensis REE A nephrolepis
TG WA RNCR R EEL 1 BEMRNLER
Spectral indices Comparing of mean values Spectral indices Comparing of mean values
Re13/ Rega Mg < Mg ™" (Rsys=Rse7 )/ (Rsys +Rsgy) Magg <My **"
M40 < M9 M45> M40
M5 < Mgz Migio< Mypge * *
(Rg13=Regs )/ (Rey3 +Regs ) Mogg < Mgy ™" Reos Mayg <Mz "
M40 < Miz79 Magg < Mgy ***
Magg> Myypo **° Migso> Mo **"

2.5 Car :Chl 8%k

XF LA TR AT b (SRS AZ 5 B S R ISR 8 N 25 A DG MR 3 R I A8 4, 24 L SR A2 7E 1040 m 11
FEBUE L B2/ T 748 m F 1279 m FOMH, LLHATE 748 m RIS BE/NT 1279 m 1Y, 42 748 m Y R,/
R [ERTF 1279 m (M, B2 /NT 1040 m (IME, 1279 m &Y (1/Rgy, —1/Rygs ) / Ryo W H 2 2 K F 1040 m I
748 m A (K S5) .
2.6 OGIE R RBEER AR L

W 2 fiRs 78 A] WO FEL N, 20 R D' 3 S S 238 5 4R A2t TE A G A DG R TR 500—600 nm A1 700 nm
PN B PRV, SV A2 SR 5 SRR O (HAEC REOTF A B, £08 SO AZIELLAME B (NIR ) 6185 S 55
RYGIFHERE O C, RS2 RIR I TG, T £L M Be i SR 38 e K 43 & = L v 454 19 A5
B TR B RS AT I 7K A3 i RN R AR 1 AR A A R
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RS5 A RREAEERK Car :Chl #EHH LB

Table 5 Comparing the indices concerning the Car :Chl ratio of P. koraiensis and A. nephrolepis among different altitudes

ZIH P. koraiensis REHK2 A, nephrolepis
JEIEFEEL BIER RN R R SR %L BB R/ DR R
Spectral indices Comparing of mean values Spectral indices Comparing of mean values
R0/ Rygo Mse> M0 Reos/ Rsos Mags < Mypge **°
M40 < Myppe “** Moy <Mjgy "
M4e> M9 Migio> Mypge “**
Rg13%Rss0/ (Rgoo XRegs ) Moug< Mgy ™" (1/Rg9—1/Rsgs ) /Ry My <My
M40 < Ming9 M4 <M49
My <Mpp “*" Migy0< Mygze “**
0.800 =
5
= 0400 |-
®
o) -0.300
5]
S ok
-0.600 -
-0.400
-0.800 ! ! ! I I I -0.900 L ! ! I I I I
400 500 600 700 800 900 1000 1100 400 500 600 700 800 900 1000 1100
Wavelength/nm

B2 g KRutiERHERRRSBHROEXERLE

Fig.2 The relativity between reflectance of every wave band and altitudinal gradients

3 #ig5itie

XF LELT AR RV AZ G U R IR RIS AZAE 1040 m Ab M (38 & AN, f 280 8 &
LR AE 400—500 nm (KI5 Bl N HAT Wi | 4 R A AE 600—700 nm Bl N A Wl | BT LT AATE 1279 m 4k
FYEF (R SR T 748 m,{H 748 m AbMER R A& BT RERE .

AT 5 T A P 0 610 18 B T o B 380 A W W 25 57 X DA IR TR IR AR 2T | L A2 I 10 (2 3% 3 1 4l
WS AEW] 5L . NDVI  ChINDI 2% FIRI GG 8 %, NDVI % 43 22 vk i F2 90 HE— 52 B LRI | CRINDI 3R AD T 3%
— AR S CRINDI 54 3 e FE A 5 v O MR S, T A B9 48 3088 15 BRORE 56 22 M0 v 1 18 Bk A7 L
B B R I, 748 m RbLTAN RS AZEF ISR 3R B i T 1040 m AL, £T4 1040 m F1 1279 m AL R R )
M2 A A g2, RS 748 m At R AR R S RS T 1279 m b,

SCE R CRI 5204 RIS N RSB H AR E BT T R0/ S5 2008 N 20k E
AHCPERS m T80, A EEIR EEAT X, R 748 m AL IOLTHS RS KM F g2 s N 25 BHx T
TIHNAS AR 2008 1040 m 11279 m (YRS D R EEICA W& 20, R 1040 m LA h R
T EINT 1279 m A,

FNI SRR S N R A AR A S T R T Z A A L, Y PR T AR R R P R SR
B, 0 AR 4 T A2 i g ) S R B SIPT S LT R LA RS BN S R 2SI 8 N R e AR b
HARF . AW T 53 AN AR SRR TR R, X R, 2 PR 748 m AR A £T A - H B 4t 2R A 25
BN RS RAN T B INHAS SO AR, 200 1040 m A1 1279 m (%A BEZEH], RS 1040 m ib By 43
RMEHE NRETERERT 748 m ZAbF 1279 m &b,

G TT UL VR AR MR 2R R AZ G (R G S S R R RGBT A B S AR b i BH AH 56 A 2
RO K AR HJEAE 1040 m F1 1279 m ZIANEFIT A 2R RORZEEI 8 N 2k B 115 B B 2200, X T R 5 i
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VT REIR IR IR TR A G, IR EDRA AAZ 0o 43 A IXAE 1200 m LAR % RSO BT R W1, 200 43 A
XARTTRER T 1040 m, 7E 1200 m AL, ZTAA SRR 4 B IF 32 W 3e 5, ARMERE A EARIZE Y L BLRAZ7E 1040 m
BRI AR R AR B D RS R AR, X AT RE IR O R AZTE K 1 Ll b B A e i AR R R 2 1290—1500
m T 900—1100 m 1EZ I LIRS A AR R JEHT S BEAi R R 6 2 e 5 R %) T
ARIEF ST LA RIS v 4R 19 SRV AZ G S R A2 Ak A it — 2P 5E
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