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Analyses of photosynthetic pigment content and chlorophyll fluorescence parameter in leaves of
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Abstract; Photosynthetic pigment content and chlorophyll fluorescence parameter in leaves of eighteen
clones of Cinnamomum camphora (1.) Presl were determined and their correlation was also analyzed.
And cluster analysis of eighteen clones was carried out based on above determination results. The results
show that contents of Chla, Chlb and carotenoid in leaves of different clones are respectively 0. 60-2. 26,
0.24-1.15 and 0. 14-0.50 mg - g with greater difference, and the difference among some clones is
significant. In which, Chla content of clone BT2 is the highest and its Chlb and carotenoid contents are
also higher among all clones. Differences of initial fluorescence (F,), maximal photochemical efficiency
of PSII (F /F,), potential activity of PSIl (F /F,), electronic transfer case of PSIl (F /F,),
photochemical quenching coefficient (Q,), non-photochemical quenching coefficient (NPQ) and actual
photochemical efficiency of PSII (Q, ) among all clones are obvious, and those among some clones are
significant. Differences of maximal fluorescence (F_ ), variable fluorescence (F,) and fluorescence
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decrease ratio (R ) are not significant among all clones. Among all of chlorophyll fluorescence
parameters, F, has a significantly positive correlation with ¥ . Positive correlations between F with F,
F/F , F/F,, F /F,and between F /F_with F_, F/F,, F _/F,, Q are extremely significant, in
which the correlation coefficients between F./F, with F./F, and F_/F, both are 0. 98. There is
extremely significant positive correlation between @, with NPQ and Ry, but the correlation between (),
with others parameters is generally negative. The positive correlations between Q, with F_, F , F /F_,
F./F,, F./F,and between R, with NPQ, Q_,
distance method, eighteen clones are divided into two classes; the first class contains sixteen clones and
the second class only contains clones PC5 and WP1. And the first class can be further divided into two
sub-classes; the first sub-class only contains clone BY2, the second sub-class contains fifteen clones in
which distance of clones BT1 and BT2 is the closest with the most similar photosynthetic physiological
characteristics. According to these results, it is preliminarily inferred that potential photochemical activity

Q, are significant or extremely significant. By euclidean

and electronic transfer case of leaves of C. camphora clones commonly affect on light energy conversion
efficiency of PSII and clones 116, 187, BT1 and MDI have the better characters to use light energy. In

addition, clone BT2 possesses the better photosynthesis characters.

Key words:
fluorescence parameter; cluster analysis

MR R S R A A A AT Y S A AR A
HEMWESHZ —, 7 TRIAEY Y R
0 f R AR B R R A %ot PR B 13 ) AR e
63N T2 S R VOV E A YR N I R IR IR %L
I TS RIS R AR 1S 7
Ty R By 3 b A BRI ST A0 M AR B
FRIE S MY A KR B B UIAEE AR A K & B BBt
Az FRRFAE H BN ) 728 Ak, TG 2 AE ) 0 BE R R
S A K & AR B AE 3 A BB

F5 1 ( Cinnamomum camphora (L.) Presl) X 47
1, ARl (Lauraceae ) & ( Cinnamomum Trew ) H 2k
ToR JE 4 BRI AR i D7 R 1 BF 5T 5 0T R
FHEAEPIILSRAE BIEEAR SIMEF R E
VB W Wi Y TN E VRS AR
FOUCRFYERIRIE ARl 2 R O6 0 A (3G 2
T 18 MR R M SR IS HOT G5 % Tk
FOLBERTRIMESIR | WK T IR R T R
] GREA IR DG i ALk e 1 OLREF (L RIR
AL 22 R N AR ) 22 57, DI S5 R o R (A1 R
B ARG TER G LU, WO R R M ERIE R
PO

1 A dr
1.1 ##

PR R R IR Tt A T AR 2 M (b
75 26°58" ~26°59' A% 118°12" ~118°13")5 4EA 1Y

Cinnamomum camphora ( 1..) Presl;

clone; photosynthetic pigment; chlorophyll

TIORGOS ToME R 5 bR, S TR
PR AR ARFIE  AREE A TEE Y 3 m, SCS S
i e v SRR S, K T, T B 2R B AR
SR 19.3 C b A EE i 18 A TE kR 3
IR 79 114 116 187 195,209 242 264 283 .
BTI .BT2 .BY2 MDI ,PC1 ,PC2 .PC4 .PC5 Fl WP1, ¥
R R A D A S R R S AR I T

1.2 HRAZE

1.2.1 keé&Zxssnze T20104F7 Av), ES
ToPE R AR T 172 15 BE AR RIS 57 2R 4[] — 7 1)
HEKFBHMFEW TR ET R 5 ~7 7, R E T
FEBFUIRLTE 1 ~2 mm 455, IR SEFRIO0.5 ¢,
HFREL3 By (IR 3 EK) ;A 20 mL To/K LB,
HEE T REEARRD I ERBEE L, HmA
15 mL KGR, RE2MHRNAN E 2L H, 5
2 IR, TG /K CBEE 75 2 50 mL; LLTG/K O BER
ML, UV-2401PC AR 6 G B TF ( H A B
o3w]) M E IR PEIAE P 470 649 F1 665 nm AL
WA, S RO 7 I R TR AR A
H,

1.2.2 srgERRAHME T 2010 47 AV, HF
& JCHE B E T 172 5 BE A [R) AL e 4 ] — T
] HA AR B 0 UE M A 3 T bRic K A
I 38 W 20 min , F 4 2R 5653 A% (800ME/PSI
AL 1= NB R G, $E 5 PSI A F)) X
e R R AT R A R AR U S . R P
(F)) ERIOC(F,) M5 (F,) = F, -F,, It



58 W) B8 IR 53R 5 o 4R

$20 &

P PS T e R A48 (F /F,) (PS T TE TR
PE(F /F)) PSITHFA&EEN (F/F,) e
KEF(Q,) ATAEERFZE(NPQ) \PS T SEFR
EFRER(Q,) T TR (R,) 551, e &
3K,
1.3 #HESH

K FH DPS 3% A5 B8 017 52 43 B i 2%
A3, 3R 1SD kT 2 H K,

2 s RAHHT

2.1 FELTUERMAAGEZSENIR

2R Z R LR O BRI A R R 2k
R a MIMERER b HA WAL CRERITEAT, D %o
2R o WIHATEE RN Ho0 ST L RER AL b e
REAIVERT; 2600 % N 2 BADERET MDA B8 (1Y
ThRE, AT R 3 it A B WO BE % B DG A AR
JARO ) SRR RITEHE R R oA G R A R
WA 1, hFR 1 Al AR 55N R IO & ]
WPE G ORI RIS IO R A

®1 FEIAALERMAFAEEESEMNLEY
Table 1 Comparison of photosynthetic pigment content in leaves of
different clones of Cinnamomum camphora (L.) Presl"

Fit/mg - ¢! Content

Clone M2 R o MR b K b E
Chla Chlb Carotenoid

79 0.60g 0.31ef 0.15b
114 1.85abc 0.75abed 0.29ab
116 1.35cdef 0.45def 0.24ab
187 1. 66abcde 0. 66bcde 0.25ab
195 1.54bcde 0. 58cdef 0.25ab
209 1.01defg 0.37ef 0.22b
242 1.80abc 0.59cdef 0.50a
264 1.42cdef 0.50cdef 0.28ab
283 1. 60abcde 0.52cdef 0.30ab
BT1 1.67abed 0.68bcde 0.27ab
BT2 2.26a I.11a 0.28ab
BY2 1.94abc 1.15a 0.14b
MD1 2.17ab 1.00ab 0.30ab
PC1 1. 64abcde 0.89abc 0.17b
PC2 1.50bede 0. 54cdef 0.28ab
PC4 0.95efg 0.51cdef 0.08b
PC5 0.72fg 0.24f 0.20b
WP1 1.95abe 0. 78abced 0.30ab

DR F) AORR B NE TR ORTE 0. 05 KOF 122 57 i3 Different
small letters in the same column indicate the significant difference at

0.05 level.
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Table 2 Comparison of chlorophyll fluorescence parameter in leaves of different clones of Cinnamomum camphora (L.) Presl'

zﬂite’% Fy F, F, F./F, F./F, F./F, NPQ 0o, 0, Ry

79 31.52b 188.87a 157.35a 0.82a 4.93ab 5.93ab 0.61abc 0.78ab 0.51ab 0.36a
114 38.42ab 241.54a 203. 12a 0.84a 5.28ab 6.28ab 0. 62abc 0.80ab 0.54ab 0.53a
116 33.90b 226.85a 192.95a 0.85a 5.70a 6.70a 0.95ab 0.85a 0.55a 0.46a
187 36.99ab 246.87a 209. 88a 0.85a 5.66a 6.66a 0.77abc 0.81ab 0.53ab 0.58a
195 34.26b 205.22a 170.96a 0.82ab 4.85ab 5.85ab 0.77abe 0.77ab 0.47ab 0.58a
209 37.98ab 197.30a 159.32a 0.81ab 4.18ab 5.18ab 0.8labc 0.86a 0.54ab 0.50a
242 45.25ab 239.37a 194.12a 0.81ab 4.46ab 5.46ab 0. 84abc 0.81ab 0.52ab 0.53a
264 32.51b 205.91a 173.40a 0.84a 5.36ab 6.36ab 0.57abc 0.78ab 0.52ab 0.50a
283 35.16b 213.80a 178.64a 0.83a 5.05ab 6.05ab 0.8labc 0.82ab 0.51ab 0.47a
BT1 34.19b 224.80a 190.61a 0.84a 5.52a 6.52a 0.76abc 0.81ab 0.52ab 0.44a
BT2 35.17b 225.74a 190.58a 0.84a 5.35ab 6.35ab 1.09a 0.81ab 0.51ab 0.6la
BY2 53.24a 261.68a 208.44a 0. 80ab 4.09ab 5.09ab 0.31be 0.68b 0.42ab 0.24a
MD1 31.93b 212.82a 180.89a 0.85a 5.63a 6.63a 0.79abc 0.81lab 0.52ab 0.56a
PC1 39.00ab 230. 64a 191.64a 0.83a 4.87ab 5.87ab 0.99a 0.82ab 0.50ab 0.63a
PC2 35.04b 222.80a 187.76a 0.84a 5.36ab 6.36ab 0.56abc 0.76ab 0.49ab 0.47a
PC4 41.44ab 247.18a 205.74a 0.83a 4.96ab 5.96ab 0. 60abc 0.75ab 0.49ab 0.49a
PC5 39.71ab 137.25a 97.55a 0.70b 2.52b 3.52b 1.02a 0.89a 0.40b 0.52a
WP1L 30.21b 148.12a 117.90a 0.77ab 3.90ab 4.90ab 0.19¢ 0.68b 0.42ab 0.21a

D &3 R RN ING SE R RTE 0. 05 K| 2% 5 522 Different small letters in the same column indicate the significant difference at 0. 05 level. F:
WUHDEHE Initial fluorescence; F : F K7t Maximal fluorescence; F,: AR % Yt Variable fluorescence F./F,: PSI e KIGAL2A 3% Maximal

m

photochemical efficiency of PST ; F /F,: PSILI&FENG 4 Potential activity of PS5 F, /Fy: PST BT 4% [F 1 Electronic transfer case of PST ;
NPQ . EJ6Ab2 1K Z2 %0 Non-photochemical quenching coefficient ; Q,: HeAb2= 7 K 25X Photochemical quenching coefficient ; Q,: PSIl SEPRYGiE
230 % Actual photochemical efficiency of PSTl ; Ry : 9% & HifH Fluorescence decrease ratio.
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Table 3 Correlation analysis of chlorophyll fluorescence parameter in leaves of different clones of Ci um camphora (L.) Presl!
S8 MKZREL  Correlation coefficient
Parameter Fy F, F, F./F, F./F, F./F, NPQ Q, 0, Ry
F, 1.00
F., 0.50 =* 1.00
F, 0.35 0.99 s 1.00

F./F, -0.26 0.70 *x 0. 80 1.00
F./F, -0.38 0.61 s 0.73 s 0.98 sk
F./F, -0.38 0.61 = 0.73 s 0.98 sk
NPQ -0.08 0.03 0.04 0.08
Qp -0.16 -0.17 -0.15 -0.05
o, -0.29 0.49 = 0.58 s 0. 81 s
Ry -0.12 0.23 0.27 0.31

-0.02
0.78 *x

1.00

1.00 s 1.00
0.10 0.10 1.00
-0.02 0. 86 #: 1.00
0.78 s 0.36 0.41 1.00
0.32 0.32 0. 80 s 0. 66 s 0.48 = 1.00

D Fy: WA Initial fluorescence; F: 5 K9 )6 Maximal fluorescence; F.: ] 28 5% % Variable fluorescence; F /F, . PS I & Kb s
Maximal photochemical efficiency of PSTl ; F,/F, . PSTI{AENG 1 Potential activity of PST ; F, /Fy: PST B FAL# 1% DL Electronic transfer case of

m

PSII; NPQ: AEJeflaA 74 K Z %X Non-photochemical quenching coefficient; @ : Y%K R 4L Photochemical quenching coefficient; @ : PS5
FRIEAE2450 % Actual photochemical efficiency of PSTl 3 Ry, : #é)6 N HUE Fluorescence decrease ratio. # ; P<0.05; ## ; P<0.01.
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Fig. 1 Cluster diagram of eighteen clones of Cin m camphora
(L.) Presl based on determination results of photosynthetic pigment
content and chlorophyll fluorescence parameter

TS RPARK R B AR, A U iR
WeRYERE E2H THESDE AR, WA — 0 1E
LRI 1 2 1 LA B2 2R R L2 i JE AU



MaksE, & PR FEIJGHE R ROLE @R & A SR TOES R 61

BRGNS SRR T R AR o F
MERER b S MRS E AR RIS
—E S, AR O R A B 2, B
R R TetE R OCREM A AE 22 5, HAEA R ot &
R ISR DGR A i R rp v R o P e MEVE
RAEIREAL2E B R ZB(NPQ) A A AR S R
FRE S FIWTICPE R BT2 REASH 4 4t 1 F S g, [R] B
WHA B IAFERLAE J7 . ToME &R BT2 1E 5843 FIH]
JGRE Y [T B, BEHE 380 A% 1 06 e LA B TR 2URE I, AT
TIPSR A MU A B B AR LR, X
SRS LTEY SHR A (Ginkgo biloba 1.) ASTR) & A
GRERICSHIIBI R AR, T RLF"IN R,
A E VK AR B AL 5 06 G R AR A B A TR A G
PE, AR BT2 BA RAFDGEE B TERE, 7T R
TR A AR M AL 4 6], R T G476 5 Pl
BAZ IR, PG, W7 DA 3 6 S 3R 98 6 S50 08
FKARTOE A NEHTIAFERAIREL

F/F Q2 R IO S50 0l 2 A~
BSHF /F RIS RPIR & PS T2 B Hhgs
R ROGREFEARAACR , O, I S WA ) B 108 S B &
R, WA R R DR T R pS I 5
WG SO () fe Kt F A= 380%  0.75 ~ 0. 85,
TG A DG RE L e i FOR B B R
G FERLRE R AU TRTERE ) . ARG Q fE T 0 . Dy ks
AN Tet: R R SEBROGRE A FHRCHR 22 53K, H A
L REAE TR 1 ' il % 1k A R R I S AL 2 RE 0%
BAK, BOFMEED NN, B2 G F PS I ML 71558
L 22 552 e PS T WS AE B9 06 Ak 27 06 M DT 52 g vt
FWOR] TG RERY HLA

R RERAE M R ¥ 1RO & 1F i T AL BUR,
FASCHE S AT 45 3R W] D5 B[R] TE Pk R M e &
VE B F 5 AR K2 i e SEBROG AR08  IFE K
AE ST PS I FFCRE BE B SR L 32 1 QA 38 S L
SEAATTE, ARUSCEER AN A Bk R
HOR G PS DG FRCR Z RIA R G HZOC R,
DA ] A 14t R0 2 T I Ak 27 50 1 S A1
P, 7 G A A T TR AR T DU TR 50
ISR REA FHAR DL , SR AR5 35 R £ A AR
AL HA T2 L,

SE k.
(1] SKAME, SKIRIR, 22U, MWt 2 AR M A FR MR AL o
WFFEH R[], GBI FRY, 2008, 36(3) : 1014-1017.
(2] TRMSES, BI508, WA, MR 060 M B AR A RHE T
R J]. ZB AT, 2003, 21(3) : 88-91.
(3] @i, ARIREE, MM, %5, NaCl WA XTS5 AR Ak
SEFEVOESEIE [ T]. YIRS R4, 2010, 19(3) .
42-47.
(4] R HAEFEEM]. 4 K. bt S5 EE MR, 2001,
61-63.
[5] "PEEER T EEYESEZ N S TEEYE. B8
[M]. dbat. Bleg A, 1982 182-184.
(6] SKEIBF, PRAES. ARgms i g 4k 2 sl sy XIS /o pr (1],
TP GRS, 2006, 15(4) : 69-70.
(7] ZEHA. WY EBALSTRFEEAMBE AR M]. 2 B 65T, b E
gl At 2001 45.
(8] ¥ &, sk, MZ&, % HENHNSEIOESHEIT
PR AZBERT]. PELLRE, 2004, 37(11) : 1718-1721.
(9] BEI5fE, REEL, G20, 55 5 Fherii Bt S Z Vet
BWFIELT]. STPMBEST, 2003, 21(4) : 4-7.
[10] #VINES, K, D8I, 5 REREM A 964 6 2 X I
FIEma R[], FEIAE S, 2010, 34(8) : 989-999.

[11]  BAEME, 1, BRA, & LSt B 62 L
GRS 1], T EAEEH], 2005, 21(2) : 225-228.

[12] Aa44r, $B3%A:, MUASE. 7 FhEE IR R Fb R 7] % IR 5 )3 R i
BERVOCPEKFHELT]. MlRH, 2006, 42(2) : 27-31.

[13] #h3ess, %R, Mok, 5. 5 FETIE ATl 4t L0k 4y
PERYLEESLT]. A PIBERIR , 2009, 7(2) : 17-21.

[14] mgEhl, $HFEm, B, mERE5OEsh I AeUr e i i
AR T[)]. ZFABTSE, 2002, 20(4) : 14-18, 30.

[15] ZEPREp, FFHHME, EVE, & ANEEMHY Aok ag ik
REmAsE[)]. MR KRS, 2004, 38(3) ; 285-288.

[16] ¥R, BRavs, BEHE, & BEBACARRE R E %
FSHWFE[ 1], ARl K224, 2009, 31(2) : 69-73.

(17] Wl dr 24, F&, % &b —SataERS
MR [ ], MR, Rl S5 E MR R,
2009, 30(3) ; 71-74.

(18] BUSr4r, BUSrih, B 2. ARSI RIS EN
BI]. A K==, 2006, 27(4) ; 43-46.

[19] fadesr, HAZ, A, JURAER A Fh oA [ % e B R b
SETOCREEMBTIE[]]. DA, 2005, 24(5) . 467-
472.

[20] k4, skFA, skoRst. MY CHEAREmBIT]. Mt
PRAFE TN, 1992, 28(4) : 237-243.

[21] BRS¢, W, MPABRS S TFAYFIM]. 2 )1 dbet. #
2 AL, 1998 262-267.

(. KAE)



