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Changes of chlorophyll fluorescence in different internodes during

Phyllostachys edulis stem development
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(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. College of
Life Science, Linyi University, Linyi 276000, Shandong, China)

Abstract: To reveal the chlorophyll fluorescence characteristics of different internodes in the rapid growth peri-
od of Phyllostachys edulis, P. edulis shoots and stems were used as materials. The changes of the photosynthet-
ic pigment content and chlorophyll fluorescence parameters for different internodes were studied by using a
non-modulated chlorophyll fluorescence (YZQ-500) and the JIP-test data analysis method. Results showed that
the content of chlorophyll a, chlorophyll b, and carotenoid in P. edulis stems significantly decreased (P<<0.05)
with an increase of internodes. Light energy captured per unit area (TRo/CSo), quantum yield of electron
transport per unit area (ETo/CSo), quantum yield of PS II reaction center absorbing light energy for electron
transfer (¢g,), photosynthetic performance index (Plys), and number of reaction centers (RC/CSo) significant-
ly decreased (P<<0.05). Quantum for heat dissipation ratio (¢p,), heat dissipation per unit area (DIo/CSo),
and unit reaction center of wasted energy (DIo/RC) significantly decreased (P<<0.05). Since growth and de-
velopment of the top and bottom internodes of P. edulis revealed activity in the middle and lower internodes
having a stronger PS Il reaction center, a higher light energy conversion efficiency, and less energy dissipation

enabling faster growth rates, and since photosynthetic functions of upper internodes were relatively weak mean-
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ing growth was slower, this study could be used as a reference value for clarifying the growth mechanism of P.
edulis. [Ch, 1 fig. 6 tab. 26 ref. ]
Key words: botany; Phyllostachys edulis; stem; internode; chlorophyll; chlorophyll fluorescence
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LI Ay il A P A 1) B A R Bl R A JTP-test, ARdfE JIP-test ™ AR ) (3 A S8 L3 1,

1.5 HESH

P B s o0 5 R W AR E 2, FIA Origin 9.0 G140 FIAEE . R A one-way ANOVA,
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Table 1 Formulae and glossary of terms for the analysis

of the fluorescence transient OJIP
RIS il i
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Fe I 38 I 119 Je R 5 G i i
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o ooty T2 e hy

PSIT R )i 0 W s 1 A T H 4% 32 1 ik
e
P T HFERO i LR
ABS/CSo A5z i BRI A ) O g
TRo/CSo  Hfvr 1 B 3 1) D HE
ETo/CSo  fufir i AL T~ £ 12 1 45t T &
DIo/CSo  HAir il 1 1 FAFE 1
ABS/RC B4, i H 0 W AL S g
TRo/ RC FA 52 hi7 A R 1 T T340 J5E Q. 119 i 2
ETo/ RC B Sz I Ol 35 Y F T L A% 32 1 T
Dlo/ RC B3z iz Bf HR O FE FilHE B9 E ik
RC/CSo B3 T AL PN S v 0 F) K
Pl DLW R Ay B il 1) M 7 1 4L

10 45 EFFT 22.6% (P<0.05). Fp Bid5 5100 A0 FH 1 FRE, 26 16 W HLEE 10 39 FRE T 6.7% (P<<0.05)
RC/CSo B4 FTHE FHER#AF, 26 16 WA 1045 FTF T 12.0% ., 55 22 5 ELEE 16 15 N T 44.7% (P<
0.05), 1~13 35 Plys 2846 AR 2, S 16 F54: 3B W FIE, &5 10 W FRE T 81.9%(P<<0.05) .

24 AETEEFFHHEL

U\i‘% 4 ﬂ[«l%ﬂj 1~13 41{'4 Pros Pros 'ﬁo %D ©@no l{’ﬂﬁz:\j:]'c%, M 16 41{‘4 Pros Pro *ﬂ iffo JZ@TTF%, 57‘75"] 5@

R2 EMEFTFATEHXAGEERESHENER

Table 2 Differences of pigment contents in the Phyllostachys edulis stems of different internodes

oA R a8/ (pg-g™)

b WRE @ W% b R Kl h % Rl
1 15.19 + 0.28 a 5.07 £ 0.04 a 20.26 + 0.29 a 6.37 £+ 0.27 a 3.00 £ 0.24 ¢
4 1622 + 0.27 a 527 £ 040 a 2149 + 0.39 a 7.00 £ 0.28 a 3.10 £ 0.27 ¢

15.80 + 1.09 a 521 £0.20 a 2101 + 1.28 a 6.66 + 0.48 a 3.03 £ 0.10 ¢

10 13.98 + 042 b 391 +0.11 b 17.89 + 0.53 b 627 £+ 032 a 3.58 £+ 0.02 ¢

13 10.01 + 0.63 ¢ 271 £ 0.03 ¢ 12.22 + 0.61 ¢ 427 +0.19 b 3.69 + 0.25 ¢

16 6.49 + 0.29 d 1.70 £ 0.09 d 8.19 + 0.23 d 289 +0.17 ¢ 3.83 + 0.35 be

19 243 £ 0.07 e 053 +£0.02e 296 + 0.09 e 1.23 £ 0.09 d 4.59 + 0.1 ab

22 1.83 £0.15 e 038 +0.03 e 222 +0.16 e 097 +0.05 d 4.82 +0.55a

LT BT (EpR E 22 o [ 90N ) 5 B 378 22 5 (i 3% (P<<0.05) ,  [A) 51 A ) 5 B35 75 22 53 A 1t 35 (P>0.05)
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Figure 1

®3 EMNMEFAETEPHERERAESH
Table 3 Chlorophyll fluorescence parameters in the Phyllostachys

edulis stems of different internodes

R ELENR LY S ST E TR TE2

Changes of chlorophyll fluorescence induction kinetics curves in different internodes of Phyllostachys edulis

R4 BENEFTEATEEFHTMHEL
Table 4  Changes of quantum yield in the Phyllostachys edulis

stems of different internodes

S| F, Fp RC/CSo Pl [ ©@r, @x, Yo @n
1 1583 +£0.85¢ 5250+ 1.00 ¢ 440 + 0.10 be 0.69 = 0.17 a 1 070 £0.02a 036 +0.03a 0.51 £0.04 a 030 £ 0.02 be
4 1647 £0.75 ¢ 60.97 £+ 0.81 b 5.21 + 0.57 ab 0.68 + 0.20 a 4 0.73£0.01a 032+0.04a 044 +0.05a 0.27 £ 0.01 ¢
7 1743 £227 ¢ 64.60 £ 1.15 ab 5.12 £ 0.16 ab 0.69 = 0.20 a 7 073 +£0.03a 033+£0.02a 045=+0.03a 027 £0.03 ¢
10 17.67 £ 023 ¢ 69.00 = 2.15a 5.07 £ 0.27 ab 0.72 £ 0.15 a 10 0.74 £ 0.0l a 034 £0.03 a 046 = 0.04 a 0.26 £ 0.01 e
13 17.80 £ 0.72 ¢ 6590 + 2.51 ab 586 + 046 a 0.88 = 0.16 a 13 0.73 £0.02a 0.36 £0.03a 0.50 +0.05 a 0.25 = 0.01 ¢
16 21.67 +2.15b 64.37 £ 0.95 ab 5.68 £ 0.24 ab 0.13 £ 0.03 b 16 0.66 £ 0.03a 0.23 £+0.01 b 0.39 £ 0.0l b 0.34 = 0.03 be
19 2410+ 0.72b 6430+ 1.51b 471 £0.12b 0.17 £0.04 b 19 0.63 £0.01b 021 £0.03b 034 £0.04b 037 £0.01b
22 3140 £ 056 a 43.77 £3.81d 3.14 £096 ¢ 0.07 £0.04 b 22 028 £0.07 ¢ 0.15+£ 0.0l ¢ 0.26 £ 0.16 ¢ 0.72 £ 0.07 a

YT B NI hn 22 o [ B A R] 7 B R 28 5 B 3%
(P<<0.05), [F)ZIAR [ 7 B 30K 28 5 A 2. 3% (P>0.05)

Y] s BE - bR 22 o [ 9AS ) 7 B R 25 57 3%
(P<<0.05), [FZIAR G 7 BF 308 28 5 A 2. 3% (P>0.05)

A3 IR T 9.6%, 36.1%F1 22.0%(P<<0.05); ¢, kb 13 15 EF T 36.0%(P<0.05).

2.5 [ E AL E AR AE 2 R A1 2 BLEY EE AL

MFE 5 ATLIE . ABS/CSo #1 DIo/CSo M\EE 16 5l A, 43l Ebss 13 95 AT 21.7%H1 52.1%

(P<<0.05)., TRo/CSo #l ETo/CSo M4 16 5 Wi F Kk,
26 ARATERMEAPOEERKMNDENTL

RIS 13 F5FEAK T 20.4%71 18.4% (P<0.05)

M 6 0] LIFEH . ABS/RC F1 DIo/RC % 16 581 I TF, 205l s 10 35 BT T 9.2% 1 44.9%
(P<<0.05). Bt THE, ETo/RC Fil TRo/RC 284k A 25

£S5 EMEFAETEEMCERILEEHEN
Table 5 Changes of specific activity per internode area in the

Phyllostachys edulis stems of different internodes

x6 EMNEFARTEREAPOCILEERNZL
Table 6 Change of specific activity of reflecting center in the

Phyllostachys edulis stems of different internodes

15 18] ABS/CSo TRo/CSo ETo/CSo DIo/CSo 5 [|] ABS/RC TRo/RC ETo/RC DIo/RC
1 15.83 £0.85 ¢ 11.05 £ 0.33 ab 5.63 + 0.27 ab 4.79 + 0.54 ¢ 13.60 £ 0.16 be 2.51 £ 0.08 a 1.28 + 0.07 a 1.09 + 0.11 be
4 1647 £ 0.75 ¢ 12.01 £ 0.38 ab 5.26 + 0.77 ab 4.45 + 0.38 ¢ 43.18+023¢ 232+0.19a 1.0l £0.04 a 0.86 = 0.06 ¢
7 1743 £227 ¢ 1296 = 1.15 ab 5.75 £ 0.56 ab 4.75 £ 1.13 ¢ 7340 £0.35bc 248 £0.16 a 1.12 + 0.10 a 0.92 = 0.20 ¢
10 17.67 £ 023 ¢ 13.14 £+ 0.25 a 6.04 £ 0.64 ab 4.52 + 0.06 ¢ 10 3.49 = 0.14 be 2.60 = 0.10 a 1.19 + 0.07 a 0.89 = 0.05 ¢
13 17.80 £ 0.72 ¢ 1298 £+ 0.24 a 642 £ 0.63 a 4.82 +0.54 ¢ 133.04 £0.16 ¢ 222 +0.16 a 1.09 + 0.05 a 0.82 = 0.04 ¢
16 21.67 +2.15b 1033 £ 031 ¢ 5.24 £ 0.04 ab 7.33 + 1.42 be 16 3.81 £ 0.21 be 2.52 £ 0.03 a 0.48 + 0.03 a 1.29 + 0.19 be
19 2410 £ 0.72 b 10.07 £+ 0.05¢ 501 £0.05b 9.03+040Db 19511 +0.13b 320+ 0.04 a 1.08 +0.12a 1.92 + 0.09 b
22 3140 £0.56a 875+198d 473043 b 22.65+252a 22872+ 184 a 252=+1.03a132+0.33a6.20=+0281a

LT s BOE N P S AR HE2E o [R50 AN ) 57 BF 2RO 22 5 i 35
(P<<0.05), [FIZA R 783 22 52 A48 8. 3% (P>0.05)

YL BUE P I (AR EDE o [ FAS [ 5 B 3R 22 7 3%
(P<<0.05), [FIZIAR R 7+ R 22 5 A 2. 3% (P>0.05)
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