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— Wt A R LA R AR R RATT oM. BRAN: O], T2 A TBART, Tt gk anE
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Abstract: To understand the combined effects of acid rain and litter on Cryptomeria fortunei seedlings, pig-
ment content and reflectance spectra in 3-year-old C. fortunei seedlings were tested with treatments of the con-
trol (ck), acid rain stress (pH 4.0, Trl), litter addition (60 g, Tr2) and their combination (Tr3), which

then compared with a correlation analysis. Results showed that compared to the control, chlorophyll content

Wi H9T: 2013-01-115 53T H . 2013-02-25

FEIH . WA AR ARE SR BT (Y3100361,  Y305235); Wi LA RII A RGBT BT H (2010FR058)

PEF MR aKkII, A FAEY A B A5 58 o E-mail: shanshan.12345@hotmail.com. @ fE1EH . &7, #H#Z, B
4, WNFEHEMAELS2W5 . E-mail: houpingg@263.net



EILEE 2 SR - PR 55 04 7 1 S AR XS AIAZ I A €8 2R RS2 334 D1 385 1) 52 ) 255

decreased 11.6% in Trl, 26.1% in Tr2, and 39.1% in Tr3. Acid rain also decreased the reflectance spectral
parameters (SReo, NDVI, PSNDa, PSNDb, RARSe, and SIPI) but increased mSRys and RARSa(P<<0.05). For
Tr2, some reflectance spectral parameters (RR, SRg, mSRys, NDVI, and PRI) were significantly less than the
control (P<<0.05), and Tr3 made highly difference compared to the control (P<<0.01). Reflectance between
514-629 nm and 690—1 000 nm had a highly significant correlation (0.80<<r<<0.98), which was near 0.98,
with the chlorophyll content and chlorophyll a/b. In addition, r between chlorophyll content and the first
derivative of reflectance spectra was highly significant within 424 -486 nm, 552-682 nm, 698-755 nm, and
762-772 nm, that maximum r was near 0.96. The reflectance spectrum parameters, such as RR, RARSa and
Nty were significantly correlated (P <<0.05) with pigment content. The correlation coefficients between re-
flectance spectral parameters  (Rg, Dyyues Shies Digetiows Syetiows Doty @0d S,eq) and chlorophyll a, chlorophyll b, and
chlorophyll a/b were near 0.8. Therefore, acid rain enhanced the allelopathic effect in litter on chlorophyll a by
increasing chlorophyll a degradation; visible light and the near infrared region were the sensitive areas of re-
flectance and first derivative in the leaves of C. fortunei; and reflectance spectral parameters R, Dyjues Shes
Dyyetions Syetions Dhveds and S,q could be used to evaluate chlorophyll a, chlorophyll b, and chlorophyll a/b. [Ch, 4
fig. 5 tab. 41 ref. ]
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AR CME . (RS ES R . T NDVI &5 fir 28 i 635 RRAE 2 5000 05 1 i~ i AZ K Cun-
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a5 VOWRRSE /AN Pinus densiflora I} & BRI EE (OBR I BE N TP s R fm, HH 4K ab WA Z 3B E ¥
M, RIEAFFERW], — WM A B S AR M i i 4 R B i, NTZ A 4 9 4= K1Y Bhatt
a5 VL K BK Quercus glauca AR Quercus leucotrichophora ¥ Fr + 12 42 7% B & AR T /NZZ Triticum
aestivum, 3% Brassica campestris FlJii 5. Quercus glauca M A 6 F & 5 Padhy 255815 H AR Eu-
calyptus globulus W% Y% 2 F Eleusine coracana (2% (W4 8™ A MHIE R o 2810, A CER N 5 k&) it
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PR N 3 AR A IS S 2R ¥ (VD Y AR b i 2 IR AL ) , Bk 30~40 em, 2012 4F 4 H3RE T %
A IR B R A (AR 35 em, #5526 cm), 1 k-7 @HGEE THREP, WHER, 292 MA R
froes . MIRZITEYIR AR H IR, BARKCTORTF 3 o R T V101 22 224 3 9 R ok 2 B IR P 6 7K
HoRL TR, F LV (BRER) 1LV (IR ) [=4:1 iy e B RE -3, /KA B A pH. 4.0 12 N I
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(Tr2, i WSS 60 g U8 75 W AL BEAIAZ L i IsE, MIAZ 4h i A K 5 0 BR LA i 2% 22 5% ) 1 pH 4.0 FR TN
560 g WEYE AP (Te3) % 4 AN Hi2, B 6 #-4bFE, Jh24 . Wl scb ke s, KHEI
WIAZARYA 35 W) J 400~800 g-m™, g BLIUMIAZ SR A K A8, A SCEKE 60 g JVE W SJEifEZ b o AR
IR LA AR R K 1 628.6 mm, MIKZ 4 B WEKER T 100 mL- k- Y, SERmEK 2 Y- JE T, S2 B Ak B
]k 2012 4F 6-10 H .

1.3 WHRAE

13.1 vtREFREToHME 0.1 g BYEF BT &G MIAZ 4h o v By A s B B2 T, IR L 5k
7 80% N 5 mL, iR N ECAEIR B M LL G, HITE 470, 646 F1 663 nm Kb I e H KOG EEE
D(N), FE 6 K-k SRJ5, $i Lichtenthaler 318 /A X" BT EM 4K a, HEEE b FKHHE b
EDS i

1.3.2 k&% R%E R UniSpec-SC B! H 38 JH G 1% 43 B AL (PP-System,  US) Wl 5 0 A2 £ 1 7E 310~
1 130 nm 2b /) S EGTE S, RAERIBE 1 nm, 43982 1 nm, Unispec-SC Ll JE G 1S 43 A1 AN B 1 4>
FAT, M, K53 SOGER 0 — i 12 3 KT I R s 1, D — i 0 B I S B A L, BT R
3k vty [ 5 #£ UNIS00 b e v MEMIAZ 3 #k -0k, TR 6 WC- Rk, BOHOE S (E 1R M im0 6 1% I 53
o M B b SN AT BR E VAR E ] Multispec 5.1 B0t b BRERA32 0RC D' 33 i i K0k o

133 b aara & JGiEEUR A RS i B R S A 5 (D) #E1 T — B o A 34 B0 34y
T
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Horre A R IEB i AR BIRAE s R I A AR BOOGTE BN R (B AL DB Ao B A OZE M, diOBIE R

FE 1] iy DR o

“=T BEOTE T A 490~530, 560~640 il 680~750 nm I Bl N GE W 1. B FIZL
B OWRECRI I AR o LU A W ELGIE RPN — B R a0 GG S R I X B S, ZEIMEAH Doved 9 — B
T e W B RAE, Z0 1B Sea S — B 3000 638 28 BT A0 LAY T AR 5 0 (RO B Ao, 8300 MR
Dt BT S i) FNHE I CRE AL E Ao, W5 IR Do, W8 30 TR Sie) S5 L1 S 5008 A
AT A AR 28 AR 2 Y RO I S 8 (R 1) .
1.4 #HiEaE

I HE R SPSS 13.0 e it 3k #4748t 43 A, Matlab 7.1 84X 6385 B E 17 M0 3, Jf
PR 502 R A M RHIE D B . A OriginPro 8.0 2K f44:
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BRmd (Trl), 7Y (Te2) MR o 5 WD 2 G (T3) XA 4K a, 4R b Mintg % a/b L
{8 2 B0 3 O [ B2 BE R BRI (26 2) o Trl, Tr2 0 Tr3 kb B Ml AZ 4 B 42 5 a 20 502 M B 25 19 PR AR
(P<0.01), S5xFMEA L BIFEAL T 11.6%, 26.1%H 39.1%; Trl AbFMIRZ LR b FREoHS
X BEGR 3 i 3 25 5 (P<<0.05), fif Tr2 A1 Tr3 &b B b Xf B FRAIR T 14.8% 1 22.2% (P<<0.01) ;Trl, Tr2 FlI
Tr3 4b B A MRS 4 1 2 25 B i LR R 2R SRR AR T 0.09, 0.21 F1 0.32 %55 W BRIF4RE a/b HAH 4 3 2
Trl, T2 F1Te3 4bFRE 1.07, 1.15 F1 1.21 £, S4% W22 5 (P<0.01); AR FMAZ 8 R i 2
S MR EOC N E 25
2.2 FEALIBUIAS 4h R H L E

AN TR A BEMIAZ 4 v D1 S S e i 4R iy B AR AR A 35— (BT 1), Horp RSO 7E I K 496 Fl 675 nm
B 1 ATRARS , WAL LLAN X IR B KA HILFAAE o AN R Ak BEMAZ 6 1% 2 5 e AE 20 6 X (525~
605 nm) FIT 2L AR X (750~1 000 nm) & E #F 2 5% (P<0.05), HAFE 550 nm &b, Trl, Tr2 F1 Tr3 43
WIS 6% B 58 e A R 35 25 53 (P<<0.01), 5506 BEAH HL R 3% S S 5 BB In T 11.4%, 20.1%F1 28.5%;
TEITLL AN OGS SO F R /MK IR Tr3>Trl > X B>Tr2
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Table 1 Reflectance spectrum parameters

AT E S5 X SCHR A R
Gt B4 (RR) /R0 [19]
S5 54 B 680 (SRes) R/ Reso [20]
J 5 635 48 B 705 (SRags) Raso/ Ras [21]
R 1 H — b 25 (A 45 L (mSRas) (Riso-Russ)/ (Raos-Russ) [21]
0,3 LK 46 4L a(PSSRa) R/ R [22]
0,3 LE K 46 % b(PSSRb) R/ Res [22]
BCH 1 L E 45 % a(RARSa) R/ R [23]
BCHT 61 L fE 45 40 b (RARSD) Res/ R (23]
5 — 1L F5 £ (NDVI) (Rao-Reso)! (Reoo+Reso) [24]
2115 0 — 1k 45 £ (NDVI) (RasrRoos ) (Rasot-Rs) [21]
R B L L 48 %L (mND705) (Rso-Ros)/ (Ryso+ Roos-2R uss) (6]
2 I — AL 35 % (eNDN) (R750-R550) /(R750+R550) [25]
{0 Z 4 — 1k 22 {15 %% a(PSNDa) (Rs-Res)! (Rsoo+Reas) [5]
2% 3 — b 2= fEL 5 L b(PSNDb) (RsnrReso)! (ReootR o) (5]
J5 635 LU B 6 4L ¢ (RARSe) R/ R [23]
0,3 LB 8 2L ¢ (PSSRe) Ruy/Rsy [5]
45 H R AU (8 R 8 B (STPT) (Rsn-Russ)! (RsoorReso) [26]
B % 0546 45 (PSRI) (ResrRsw)/Rso [27]
HHA S N ZE4E % 1(CRI 1) 1/Rsip-1/R s [28]
B NEIE% 2(CRI2) 1/Rs10-1/Ro [28]
WR W 458 (mCRI) (1/Rs51-1/R 55) X R 3 [29]
JeAb A R B (PRT) (Rs3-Rsn0)! (Rsy+R ) [30]

YUl R ARG, FARUEOLIE BB K .
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Table 2 Changes of pigment contents of Cryptomeria fortunei under different treatments

b 7 4k % a /(mg-g™) 4k&E b /(mg-g) KA bR/ (mg-g) 2R S/ (mg-g™) 4k & a/b

ck 1.38 £ 0.03 dD 0.54 + 0.02 dC 0.30 = 0.01 bAB 1.23 £ 0.05 dD 2.56 + 0.02 cC
Trl 1.22 + 0.02 ¢C 0.51 + 0.04 cC 0.31 + 0.02 cB 1.12 + 0.06 cC 2.39 £ 0.03 bB
Tr2 1.02 = 0.02 bB 0.46 + 0.03 bB 0.29 + 0.00 aA 0.97 + 0.04 bB 2.17 = 0.03 aA
Tr3 0.85 + 0.04 aA 0.42 + 0.03 aA 0.29 + 0.02 aA 0.84 + 0.07 aA 2.02 + 0.02 aA

B R PR B bR iR, NS T EEAR R ERIR 0.05 AKAF B 22 Rk (P<<0.05) , RS F AR R 0.01 K- il 22 57
1 (P<<0.01),

2.3 AEIACIENNZ 4h E R G B = B E

HI T M A X S SO AR AR G, IR AE SE PR MG B i, O 1 RRAR T SRR LU i % 2
B MERadE , & 20 EURBAE AT U A8 i o X AN () Ak BEAIAZ 4y v 1) B 53 D' i Bl BEA T — B 2 BOAL B
SERULIE 2 A 3. Trl #1 T3 L FAR 2 &340 720 S (P<<0.01) 5 Trl, Tr2 A1 Tr3 b B4R 2 2
AN T W WEAEL Dovswe, 853 1A Sblue FIZL MR AE Dana(P<<0.01), i R fELH BEAE Tr3 AL H o AS[R] AR
B 2 25 B AR T B R Dageron FELITTR Sy (P<<0.01), re/IME Lt BLAE Te3 AL B o 2150 (07 B N
DL F SR EA W) 5 G TE 4G (680~760 nm) PN, FE S E R g8 ¢, ORGSR R
MRFIEZ — o ABFTERM . AR BAIAZ Y 1E 680~760 nm JBLAR HUA 1 AN IE(E, ZLI0A7E N i
BOCHERET B4, tbAh, Te2 A Te3 Ab BEMIAZ 2l S0 B S AL N TOR 22 S5 Tl A T2 AR B
N, WAL LA E N, W EE S
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Figure 1 Reflectance spectra of Cryptomeria fortunei under Figure 2 First derivative spectra of C. fortunei under different
different treatments treatments
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Table 3 Three edge parameters of Cryptomeria fortunei under different treatments
AbSE L WiLmEE W WAL B R {E B3 THT LN LR AU TE
ck  520.3£1.15 aA 031x0.04 aA  5.35+1.00 aA 629.0£1.00 bB -0.037+0.006 cC -8.67+0.74 dD 7020033 bB 0.94+0.10 aA 3737+309bB
Trl  522.5+1.73 bB 0.34£0.03 bB  6.31+0.84 bB 631.0£141 bB -0.050£0.003 aA -9.76x0.77 cC 7010141 aA 1.19+004 cC 46334306 cC
Tr2  519.3:+0.58 aA 0.38+0.02 ¢cC  8.17+1.00 cC 631.7+0.58 bB -0.046+0.005 bB —1022+050bB 7000+1.73 aA 1.05+0.04 bB 3645430 aA
Tr3  520.5+£1.00 aA 0.56£0.06 dD 11.65£1.28 dD 627.0£3.56 aA —0.051+0.007 aA —1340+088 aA 6998+189aA 1.35+0.09 dD 5006+2.14 dD
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FTESHUE R O FE Y I TS GRS WA ) A KRB I i OGS A i, ARRIGEER, A2
ARG EES B E I B AR A8 4k (32 4), Trl, Te2 F1 Te3 b B 1 525635 S 50035 5T =550,
R B — A2 EAR 0, RETE U AE T 5 a, 208 10— fb 48 HIOR ek B A9 21300 Eb (48 5003 Heoxt I B 2
A (P<<0.01), 1 S5z 55 28 (8150045 50 Fb 6 BRI T 14.3%, 19.6%F1 25.0% 3 Trl il Tr3 4b AR 55 2 B A% 2
SIS LU A8 20 b (P<<0.01) . Tr2 Ab PEAR W 35 BEAR T 2 99 6 1% 45 %k 680, 1H—fbd%, R IH k2%
EAEE a, OF T 2T E b AU G 61 A8 5L ¢ (P<<0.01); i Trl A1 Tr3 fb#AK & 21N T %
B HE % 680, 10— fbis%, R fbZEMEE K a, ORI fLZEMEEH D, AEIE HETE R ¢,
SERN U R AR, AR R R BOR B RIS 8 MR £ (P<<0.01), {HJE 59Otk 45 %1 705 T 74
fbo RFFRBEE, REIE R AR AL a A1 6IE U EFR 50 b 45 12 635 2 500 S5 R (B 30 & e /ME H
PRAE Tr3 Ab3, A0S SO U8 %50 a HeXS IR, Trl F1 Te2 23 BIFEAE T 36.0%, 20.5%F1 25.5%.
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Table 4  Changes of reflectance spectrum parameters of C. fortunei under different treatments

B e a8 RO iR %
680 705

MRME— AL
PR {HIF%E a

B G LA LA —1k

ERIEIE
D Al ds % .

LS RS0 S

ck
Trl
Tr2
Tr3

0.056+0.003 bB
0.048+0.001 aA
0.045+0.002 aA
0.044+0.004 aA

5.831+0.149 bB
7.127+0.60 cC
5.278+0.304 aA
8.449+0.831 dD

1.998+0.027 bB
1.977+0.121 bB
1.660+0.061 aA
1.921+0.160 bB

4.519+0.822 cC
3.328+0.628 bB
2.651+0.451 aA
2.709+0.46 aA

0.417+0.026 cC
0.341+0.036 bB
0.364+0.031 bB
0.271+0.028 aA

0.484+0.032 ¢C  0.706+0.026 bB 0.333+0.008 dD
0.438+0.031 bB  0.753+0.023 ¢C 0.327+0.018 cC
0.470+0.009 cC  0.679+0.006 aA 0.246+0.008 aA
0.361+0.028 aA 0.787+0.021 dD 0.314+0.039 bB

pisiil

HR LI
[ERCE

R
{4 % a

BRI
{4 % b

B3 L fE
EIEE4

SRR E
E[eR4

WREWIE b efeE R

HE B W 2
" 5 joa

ck
Trl
Tr2
Tr3

0.633+0.047 dD
0.530+0.061 cC
0.441+0.042 aA
0.454+0.057 bB

0.714+0.034 bB
0.760+0.022 ¢C
0.691+0.014 aA
0.800+0.021 dD

0.675+0.028 bB
0.701+0.024 ¢C
0.616+0.012 aA
0.740+0.038 dD

3.815+0323 bB
4.602+0.212 cC
3.566+0.181 aA
5.509+0.349 dD

0.778+0.025 aA
0.829+0.016 ¢B
0.792+0.012 bA
0.867+0.021 dC

—-0.094£0.012 aA 1.223+0.243 aA 0.041+0.006 cC
-0.080+0.009 bB 1.657+0.192 bB 0.011+0.002 aA
-0.093+0.006 aA 1.210+0.087 aA 0.022+0.002 bB
-0.066+0.008 c¢C 2.237+0.132 ¢C 0.046+0.003 dD
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AN [7) Ak A AZ &)y 1 1% B S 3 5 00 R TR Ay BRI A OGP A BT 3R B (181 3), TS vl WL XA J& 3 21 4h
X, A2 OGS R i 3 5 0 R B - O R A OG, Honk s R A BRI 4 R a/b 5 514~629 nm K&
690~1 000 nm (1) 5 1% F 5 A3k A 8 35 AH OC (P<<0.01), 7E 550 F1 700 nm 4B AHC 5 8w K48 XHE KT
0.92; ZKEHE &R 561 R AE 540 A1 701 nm b4 XH{E Sk 0.81 1 0.79, ik F|4 & #4156 (P<<0.01),

el 4 s R BRAIAZ S 0 2 B i BOM i S 3 a/b 5 HOR T U R — B 4 O S 7E 500~
533 nm, 538~674 nm, 682~725 nm 25 kb ¥k B ] 6 (P<0.05)., 7E 567~633 nm Fl 637~650 nm I Bt ik
e S 3 IEAH DG (P<<0.01), Horfr 567~633 nm i BeAH O¢ REUR K, BRIEEL 603 nm 4b 548K a, M4 E
b, KEAS N ZE R E a/b A C R B 0.98, 0.97, 0.83 F10.90; TifE 514~536 nm il 680~706
nm {2 A OGBS R IR 3 A G (P<<0.01), Hirp 514~536 nm A 5¢ R B0y 4 X E i K, FL B 532 nm
Wb RE G RECA A E R K, MK a, R, KHE FREAMZE /b WHERE SN
0.92, 0.92, 0.82 F10.92,

1.5
Sl 0.01
o T MS”
woospptTY
K !
Z oF
—OSFL N
_— .0 1 1 1 1 1 [] _1 0 ----- N I- ---------- l- ------ l_ ------ J
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=--=-ChIT === Chla/b =++=-ChIT === Chla/b

B3 RRALEMENGETRESHE LGRS BHI RRAREMBHEETRE>HE N s
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Figure 3 Correlation between pigment contents and reflectance Figure 4  Correlation between pigment contents and first derivative
spectra  of  Cryptomeria  fortunei under different spectra and of C. fortunet under different treatments

treatments
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HI R SCIESHE R PR B R TERB (R 5), SR AYIH— AL 22 (38 Bk B B9 20301 LU (48 5
MERER a, MERE D B BORIM 27 3R a/b (AR S 208 31 2 35 1E 7K F (P<<0.05) s BURHOE T 45 % 680, 15
— AR R, ORI LA a, ROMICHE L ER L e M RS MERS M4 E a, HH2RE b i
PRI SRR a/b YR SRR R IR B8 3 TUKF (P<<0.05) o SUAGIE SRR R B8, UM s He i 48
oa, REDGIE AL D, EHmA, EHREMLDAE SHEE a, R Db Bk Homm R o
b Z [ IA B B 3% IEAHSE (P<<0.01), & ABURERIER . LM Sm A, i@ (R LLi
1T RRIK SR 2 R 5 (P<<0.01), b Ry R, iR (e . B mAR . BLE(E . B 4
WL 20 320 T AR 5 2 2R R 0 B [ A AR S T el 0.8 M OETE 15 £k 705, 0 IA— ks
B, ORH—CEMERED, St MR E, R EM BN AL E 54K a, MR b R
M4 R a/b MOCTERI AN B35 BAh, WL . BOUMZLD (BRER 5 sl i 8 ) 288K BT BA G S
BH AR,

3 it
2R YR AN E 2O R, R B E MY E IR G | JEa R M g R A A

REH RAFFE A7 KEWFR L B W ALIERAE & S B Pt e R s o BCF 1, pH<S3.5
MR T 2 F& A B HR Dimorcarpus longana {5 % i & 43 BRI M 4% 2% a/bP2) | i /N2 Triticum aestivuml W4 2%
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Table 5 Correlation between reflectance spectrum parameters and pigment contents of Cryptomeria fortunei under different treatments

it 2i M4t E a MEEE Db ESTE N 4% 2 22 alb
PRSI 0.925% 0.924% 0.787 0.925% 0.8877
J 5 4 K 680 0.588* 0.559% 0.511% 0.579* 0.564*
F S i 46 £ 705 0.006 0.051 0.128 0.016 0.042
R — 1k 22 (45 % 0.614% 0.6337%* 0.559% 0.616% 0.551%
JSF 6T LR A a 0.722% 0.710%* 0.678%* 0.715% 0.669%
RS CHE L4550 b 0.665% 0.654% 0.679% 0.659% 0.615%
H—fef8 5 0.594% 0.561% 0.505%* 0.584%* 0.576*
AN ER 5 0.016 0.059 0.126 0.025 0.032
AR PR AT 30 L (E 4 0.618%* 0.630%* 0.590% 0.617* 0.551%
ORI — L ZHIEE a 0.609% 0.577* 0.527%* 0.599% 0.588*
(e ERRI® K@ 0.492 0.459 0.448 0.482 0.482
OGS L AEHEEL ¢ 0.560% 0.532% 0.489 0.551% 0.532%
SISO A R AR HL 0.668* 0.639% 0.551% 0.656%* 0.6387%*
LB e U3 4 2 0.507* 0.487 0.467 0.498* 0.464
R R N L 0.612% 0.591% 0.541% 0.605* 574%
Je A A R AR 0.151 0.155 0.035 0.154 0.113
Wil 0.013 0.043 0.002 0.017 0.014
Tl 0.910% 0.904% 0.825% 0.908 0.889%
3 T R 0.8807* 0.875%+ 0.795%% 0.877% 0.854%
i 0.339 0.298 0.435 0.322 0.355
I 0.879%* 0.8827 0.738%* 0.882% 0.866%
Egulingal 0.9577* 0.9527% 0.831%* 0.957:* 0.943:%
EARURIA 0.7727 0.780%* 0.7027% 0.773% 0.732%
AR ] 0.8717%% 0.855% 0.739% 0.868 0.849%*
ARURINE Al 0.814% 0.788 0.648 0.809% 0.809%

YAl * R 22 5 B (P<<0.05), ** FoR 2 R 035 (P<0.01), n=16,

Jit Bt 4 R a/b LU (H S A TR I TR B REAR . AW g KR B B — B - 4b 2 5 2 IR
MR 2% a, MR b B/ BOm k28 R a/b, U BT R W8 [ AZ ik B ik S AR W) & B ES , A
Fff A BE PR BT B TR ORI AR R T S IR AZ SRR, S B S R TR TR, SRR Y
R—F, PR A PR RN T A4 i k3R a, IEERER b RIS E a/b, ULHIWIAZ
TEACIBAE AL HE T 2R K a REMD, RWATEDE SEH TR E a, M4 b R HOR 4
F a/b TR R T s — b3, L N AT RE 2 8 RN PN E T AR 1) Fb B TS v A m e, M AZ 9 )
AT S5 1) T 28 0430 o 348 e

MAEYEZ WA, JERE AR R A AR AL, B B 5T AR R R 23 (K AE Oryza sativa M F AT
VIS RS L R NP o = T 1 | B 5 ) L - A 6 3 1 S E R SR S R4 U R DA = .3
ARG ARWFIE R, R AN UE Y5 P AL BEAGHIAZ I R AT DL BE N OGS S B R R R
ML, HAE 550 nm ff iz 52 90 20 R A s R 06, ST NI AR SR A5 R DA — 3. Ik Ah, AN TR AL PR AR B
FRRAR T HIAZ RS GIE S 8O S AR B, B R A — 22 (48 HOR S S LB AR B a, 2008 10— 1k
ORI T BB R B (P<<0.01) ,  H b i 9 R V5 0 &2 5 Ah BRI 6% S 88U /N . SN 2 i i i 2
Foa, MK b FESENN 4 a/b FEALELER TN A 5 9 & 4 A FEAE o MEW) &, LA & = A A B
X WNAZ 1 il 30 A K 0 A — PR i b 2

KA R WIAE Y 6 & (R BT 40 805 61k 506 SO 38 L 000 ORI D6 1% 2 800 35 i i AR DG PR
Wi HE N HRAE Gossypium spp. M4 A0 505 H— A48 80, 25 R BUR G R85, b2 I R 85Ot
SRR EA L, K Zea mays W AR TR BB S G IS AR WEIE a, AH0E, 420
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i (R £1 30 TR AR A5 2 3t A W 38 AR O ARBIE S R I, A () A SRS I €0 3R B A BRI R
al/b 5 IR S RAE 514~629 nm K 2140 XA B 2 7R 06 (P<001), H.5 — B o 6 il /8 424~
486, 552~682, 698~ 755 Fl 762~772 nm i B ik B 4% &2 AH ¢ (P<0.01), 18 B AT DL =t 6 38% 52 5 2 Al
T3 D 1 X I TR AR O 9 ) 3 S IS 5 R B i R AT AR . AR AL BRMIAZ M R AR a, MR b B>
B4R a/b 5 R IIH— L2 IR E, 2R A9 2001 b AR 48 B0R0 B R RS 4R % 680 45 7 AN i S HU)
RFEM(P<0.05), H5RM ML, A BURE R BB E S 11 A% S HUE M B %A %
(P<0.01), Hrb, Jopbefdife, Wb, WO mpl, sdumB, B ma(E, 20300 (8 F0 20 0 i fR s
M2 a, AR b B p BRI 2 R a/b I CHE I 80K T 0.80(P<<0.01), XERWILL B 7 AR
TS B 3 W O R R R i P AL BT MRS 1 Dl 6 R T AR U AL

Zi LRTIR, TEBRFAIVE T CEAIAZ U8 % 0 00 A IR A A0, AT RB I o T I T 8 it M AZ U v 0 AL 8
FRRIRE . SO AR, R, RO, SR, WEID TR, 2130 i (RN £ 50 T AR AR O T 2 Rk
4R a, MR b ISR a/b MR, AT AR A IAIAZ (3R Bk 2 B s 240
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