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Chilling-induced Photoinhibition of Photosynthesis in
Mpyrica rubra Leaves

LIU Hui™ GUO Yan-ping'™® HU Mei-jun'’
(1a. Department of Horticulture, Zhejiang University; b. State Agiculture Ministry Laboratory of Horticultural Plant Growth,
Development and Biotechnology, Hangzhou 310029, China)

Abstract: Gas exchange and chlorophyll fluorescence were investigated in young Chinese strawberry tree (Myrica
rubra var. astropurea Tsen.) leaves treated with different chilling temperatures (12°C.6°C and 2°C) under different
irradiance levels (0, 70 and 350 wmol m?s') for 12 hours by a portable photosynthesis system HCM-1000 and a
portable modulation fluorometer PAM-2000. The results showed that exposure of strawberry tree leaves to various
low temperature and light resulted in the increases in Ci/Ca (internal/external CO, concentration), Fo (initial
fluorescence), qN (non-photochemical quenching) and (Fi-Fo)/(Fp-Fo) (amount of inactive PS II centers), but
decreases in Pn (net photosynthesis rate), Gs (stomata conductance), Fv/Fm (maximal photochemical efficiency of
PSII), qP (photochemical quenching) and ®PS I (quantum yield of PS II ). At the same levels of low temperature,
moderate irradiance (350 wmol m?s™) enhanced the inactivation or damage of PSII reaction centers which needed
longer time for recovery. It was shown that the inhibition of photosynthesis in treated plants induced by low
temperature under light condition can be attributed to the loss of activity in photosynthetic apparatus. It is
suggested that the accumulation of Q, and non-reducing Qj is a possible cause for the inactivation or damage of
PS1I reaction centers, and non-radiative energy dissipation probably plays an important protective role against the
photoinhibition induced by chilling.
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BHEKBERE TR EREREY, BRAEK
MEEHSARARE B ZRREMERY. S4E
fE8 (0-12°C) &4 T, EMER I BB RL B
/D352 BT, A R ARG i B B B AT
Bz —. tAEBEEEYKA SR, KRR
BERCA NG MEAN TR &
RN AR RN BRE, T EAEA
JEA SO RN E K. RABRIEY , KR AE
PS Il B3 F1&87E M2 40, IF BHwIaAr F E A H A
D, 5550 E R IR 2w s & 1E AL 5 0
REIRISH X, BB R m PSIiEM, Agm
PS I & HAERCNME LS T, MUPSITHRZ
it K, PS [ ThEE L &Z B EP , RN &k
BB TRENDEREEARY, RERKE
B SERMRERE, (B3 5] X L4 (AL
HEAR T ERE. 2 EYLWE N AR
FUAME SRR TR TR s X, th FiX EEY)
B T A1 2 14 388 1 2k R R I S N, R b 3K 2
YR BATA FRE WA/ B AL

YRR TR E, S AAEKLRE L M X, &
FREWELEDHSE R 1521C, REERH TR R
W, P2 BIMRERNEW. Birxtaint
HAEHER IR, MR AN & ERRE M
HIRIIRIE . ORI RG-S W e R 50 F Ak
RS ke s E TN G S NETE S A F )
xR b EER RN, BIHERE W
A VERIRINLEE, A4 5 AR B B IR (LB K3 .

1 PR AT %

RE T 2003-2004 FEEHL K FHE KKK
WHEAT. BLEbE 8 —E A0 (Myrica rubra Sieb.
et Zucc.) ZEFEFH

HEEFEAE EREL.KER N
B, BRTH 272 mm. A HERZ 251 mm.Ji& 55
H%2 178 mm KBRS, BRIREFAE L JER
FOHED, AR 7:3:2, E KBRS 4 K E N 78
220 2L, EATABEATESF 10d BHTA
RFIEE . N TRBEE N BE 2541,
H5% 700 wmol mst, FYE G HXT (NI SHERIRE BB
AT KE) L 12, RRENHEEFRFE
WREAT, W 10 N4 E: @ 25C,700 wmol m’s?
(X)) : @ 12C,0 pmol m%s! (EBREE) ;@ 12T,
70 pmol m%'; @ 12C,350 pmol m%; ® 6C,
0 pwmol m%'; ® 6T ,70 pmol m%s'; @ 6C,

350 wmol m’; 2°C ,0 pmol m%'; @ 2°C,
70 pwmol m?; @2%C,350 pmol m%’', & A 4k #
12 ho Kb B JEZEHE 25+1°C, 58 400 pmol ms™, )
F 12 h A TSR ZENIKRE . A ARSI
FEANE A& LA R AR B A B
KRHATRR S, (AR EH Fr, S 2 2, S HlE
4-6 FrH o IR — NGO, B R — D
A8, AR —ZURSH REBRLRDE.
B SR AR — oL EEH . s RLE
EELARHEIR ER IR

HAEXESHINE 1 4k B fE A W 1A%
BEREHETELEN 251 CHEREN, FiRidH
HAE VR A 8547 oL 5E 700 wmol m?s' T X F
30 min J&, M NEER (Pn) EBEE (T VSIL
FE (Gs) JJilE] CO, #EE (Ci) FIEFE CO, WREE (Ca)
H HCM-1000 (Walz, Germany) {##%:¢ 5llE R4
BHTEAH R #RlE, CO, SIEAEINRR COy

HEHSERZXSHEOE 154 B ) &
AU\ EREEN 20 min /5, H PAM-2000 (Walz,
Germany) 8453\ M 28 E 5% AL, I8 L L EZOH
15 E & pRie i BB Fo (BIER %) JFm (B K%%
J6) « Fv/Fm (SRS 1 B UHFMER)  Fm' O
THIBKKIE) Fs Fo'\qP fl gN. 3E AL B3k 144
PAMWin (Walz, Germany) . ®PS Il =(Fm'-Fs)/ Fm',
R Fs ARAK K. 2] Govindjee 5,

BRI E B H 2 B K
2 G R HT
21 A REBY

ME 1 ATUE MBS REN TR, oA Po.
Tr #1 Gs TF,Ci/lCa LF+ . TEF R T, & IR
K30, Pn.Tr #1 Gs T MEIEBE R Ci/Ca LFHIBRE
K. —EREMERE RS MBNTE AT A—
X BEAI N, 1 6°C.350 wmol m2s!
PENRAE T RS ERET 2CEREN,

22HAHERRASHEHFEER KRB H1E
M2 AT L, BE A R R B, W i 9%
Jt Fo EFt,Fv/Fm (PSII B K HER) 5
Fv/Fm' B PSTT RN ol 3R UK BRI R0R)
TEE. fER— R T, BEE LSRN, Fo LTHIERE
5 Fv/Fm Ml Fv/Fm' FIRIEEE K. Rk 5ERN
BINK TR —REX PSIT KN ORI m, a1 6°C.
350 wmol m?s! 5N AL T Fo tL 2CIRIR 2
K&K Fo % 11.6%, Fv/Fm Fl Fv/Fm' 4 B1& T 9.3%
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1 12.54%. X—RAEH 5 0. BN ZA LI .
qP OEWFERE K RED £ PS I RH o7 2465
AR —FERE, HE TR Q- Q KRBT
B2 E T HHI, gN GELER K REO RBRT
PSII RE B RRWHINREANREH T o4& BT 14
T A AU 8 5309, OPSIL R BR T PSII H,
THRERNETTE. AR 2N, BEEERER TR
FEEFIE 0, qP F0 OPSIL FRE, qN FFF. X $E8H
THTRECEE S, PS I B 115358 ) TR,
B Qa— Qs IR T 153 32 BH , AT & B8 ) T %,
EXFEL T, PSIIREZER RN L KRIDERELL
HGERARMEERS HEHMEZTH A O
(origin) .I (intermediary peak) .D (dip) P (peak)
FHFIEAH U, Fo (FiFp 2 HIE /R OL.P AHI#R
{8, (Fi-Fo) / (Fp-Fo) B T HiEHE PSIT &N Hrts
Rtk BEAETRR TR, S R OGS PSR
PO E RIS N, 3 HLAEBROS IR NN KGR 2).

23 NBEMEREREREXGERNTL
2 12°CARIR A0 B /5 1 4 e 1 PR 06 390 9 ok e

5 B 53 K, 6°CH 2T AL B 5 I R R R
Kif(a) A4 REtk B EIXHEK S (B 1) o oL, EAEHE
i IR RGR , Yk BT I (A

3178

HYOCEEER TR S SR R
M ROGETEE T RRE VIR, AP L RAMK
B R ARE IR AL B, A KT Pn 1 Gs F
BT Ci/Ca FHi (R 1), XUt TR L), 8
MAEHERTHEYTRERTHRABCEEHET
BEpTEL. X SRR AR Le R L,

Fv/Fm F B 2 06 & 1 R OG0 6] it B B4R 1E
25C TG EE RGN S 1000 pmol m? s,
HHR 3, 25CTER T8k SV K e sRE T
1 000 pmol m?s" &, £33 B REIL T8 5 2 Y 3l
(RER) . RFFREH, ZEKE.350 pmol m?s!
T,FVFm BB T (R 2), KA ER TS
YEHIGHME] . 31X ] RS AR T AR AR 1, 5- 8RR
EIRE AR / I8 (Rubisco) 5UHE -1,6- R
(FBPase) FUF RBHHIME -1,7- —BHERHES (SBPase)

£1 TRAKENEEXRLAE 12 h EHEHANAESY

Table 1 Photosynthetic parameters in leaves of Myrica rubra after low temperature and light treatments for 12 hours

B Je R H.45 3 Photosynthetic parameters
Temperature  Light intensity Pn Tr Gs ]
(C) (rmolm”s")  (umol CO;m?s")  (mmol 0 m?s")  (mmol H,O ms™) CiCa
25 700 5.32+0.36* 1.96+0.05 40.3+1.46 0.48+0.01
(100.00**) Aa (100.00)Aa (100.00) Aa (100.00)Cc
12 0 4.42+0.40 1.68+0.18 33.44+3.12 0.57+0.04
(83.08) Bb (85.82)ABAab (82.98) ABbc (118.75)ABCbc
70 4.20+0.50 1.7940.08 36.68+3.27 0.58+0.07
(78.85) Bb (91.12)ABa (91.02)ABab (120.83)ABCab
350 3.97+0.11Bb 1.37+0.20 28.92+2.91 0.54+0.05
(74.59) (69.90)BCbc (71.76)BCcd (112.50)BCbc
6 0 2.13+0.12 1.20+0.12 23.17+2.15 0.62+0.04
(39.81) Cc (61.22)CDcd (57.52)CDde (129.17)ABab -
70 1.7740.20 1.2240.27 22.46+3.82 0.67+0.03
(32.99) CDdc (62.45)CDc (55.73)CDde (139.58)ABa
350 1.12+0.13 0.60+0.05 11.33+0.62 0.60+0.03
(20.93) DEe (30.51)Eef (28.11)EFfg (125.00)ABCab
2 0 1.62+0.37 0.7740.14 15.58+2.76 0.60+0.03
(30.34) CDcde (39.34)DEe (38.86)DEf (125.00)ABCab
70 1.51+0.11 0.81+0.08 17.20+2.08 0.59+0.02
(28.28) CDde (41.33)DEde (42.68)DEef (122.92)ABCab
350 0.51+0.08 0.30+0.15 5.20+0.34 0.68+0.05
(9.53) Ef (15.10)Ef (12.90)Fg (141.67)Aa

*: SEIME +FRAE IR 2 Means + SE (n=6); **: B 4t (LLX BRUEFSHE 0 100%) .

The number in parentheses represents

the % of the control. F L.S.D M, MR R XS ZBAE 001 ZRAKE, FAR/DNESFERHMRE 005 ZRKFE. Means

within columns with different letters are significant at P=0.01 for capital letters, and at P=0.05 for small letters (LSD test). % 2

A, The same for Table 2.
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Table 2 Chlorophyll fluorescence parameters and the rate of inactive PS 1l centers in leaves of
Myrica rubra after low temperature and light treatments for 12 hours
FiEHPS 11 R M
HEERERNLSH GEEBAD LR
e iR Chlorophyll fluorescence parameters (relative unit) Rate of inactive
Temperature  Light intensity PS1I centers
<) (1 mol m™%s™) -
Fo Fv/Em Fv/Fm’ P QN 2 pSII (F"F"();f;l;p'p")
25 700 0.32+0.01* 0.83+0.002 0.56+0.02 0.63+0.03 0.74+0.03 0.59+0.08 13.40+5.90
(100.00**) (100. 00) (100.00) (100.00) (100.00) (100.00) (100. 00)
Bc Aa Aa Aa Cb Aa Gg
12 0 0.33+0.02 0.78+0.04 0.50+0.02 0.60£0.03 0.75+0.08 0.54+0.01 14.80+1.40
(101. 86) (94. 54) (88.75) (94.30) (101.22) (92.67) (110. 45)
Bc Abab ABCabc Aab BCb ABab FGg
70 0.34+0.01 0.76+0.03 04940017 0.54+0.06 0.80+0.07 0.52+0.03 22.60+4.10
(104. 35) (91. 88) (87.50) (85.92) (108.29) (89.27) (168. 66)
ABbc Ababc ABab ABbc ABCab ABbc Eff
350 0.34+0.01 0.72+0.04 0.46+0.02 0.47x0.03 0.86+0.01 0.48+0.02 29.40+2.40
(106. 21) (87.27) (81.79) (74.53) (116.71) (82.45) (219. 40)
ABbc Abbcd BCbcd BCcd ABa BCc Dee
6 0 0.35+0.02 0.78+0.01 0.50+0.01 0.43x0.03 0.82+0.01 0.43+0.04 29.60+1.60
(107. 76) (94. 55) (89.64) (67.56) (111.14) (73.08) (200. 75)
Ababc Abab ABabc CDde ABCab Cd Dee
70 0.36+0.01 0.72+0.03 0.48+0.01 0.3720.09 0.86+0.01 0.36+0.03 43.00+1.40
(110. 56) (87.27) (85.71) (58.23) (117.12) (60.65) (320.91)
Ababc Abbcd ABCbcd DEef ABa De Cd
350 0.37+£0.01 0.68+0.01 0.42+40.02  0.29+0.02 0.88+0.02 0.25+0.01 55.40+1.80
(116. 15) (82.42) (75.01) (46.20) (119.43) 43.27) (413. 43)
ABab Bed Cd Eg Aa Ef Bb
2 0 0.33+£0.02 0.75+£0.02 0.48+0.01 0.3120.02 0.81+0.11 0.25+0.01 34.20+2.60
(104. 04) (90.91) (85.71) (48.58) (110.32) (42.59) (255. 22)
ABbc Ababcd ABCbc Efg ABCab Ef De
70 0.36+0.01 0.67+0.03 0.46+0.01 0.28+0.03 0.86+0.01 0.19+0.04 49.20+3.10
(112.11) (81.21) (82.14) (44.94) (116.44) (33.05) (367. 16)
ABabc Bd BCbcd Eg ABa Eg BCc
350 0.39+0.01 0.54+0.03 0.44+0.01 0.1420.02 0.75+0.02 0.12+0.01 65.60+2.40
(119. 88) (65. 58) (78.57) (22.47) (102.04) (20.10) (489. 55)
Aa Ce BCcd Fh BCb Fh Aa

SEHRAUWBHMOEH U REEGE1,5- 8K
(RuBP) FAJEHIIG 5C,

PS II [ 0 B 1 BB 3E 45 | B Fo FH &1,
ALK PR EKSKE AR 120 J5,Fo b
Ft, T8 PS I R NP0 B RIG BB . Fo M ITH&
FIBRS, 1 HH PS ILR Y A0 2 AT 3 5317, AR TR
TSR Y BT PSIT S B 0 [y i 2 RDR &
YER B ERELKRE (B 1), B RE G A
(40 12%C 350 pmol m?s", 12 h) S PSII L N .0
B RTE RRERAR K T, X R BT B8 2 WT 8 R T

KEXB TN A qP.OPSII £ FR&EH
(R2), %W Qr EFHMNN Q. MEWD, Wit
PSII R P O TSRS T . Qu AW
PUR A Pl Pheo B FXT KA HATEM, FoHE=4
APeu(*Pew), P 7 O, TERATE LB EE (00 . 'O,
RIRMEALR, AT S BR ORI S PR 4

ER D EOA%, IR KER PSRN H 08 208,
X AL BAA S BR SRVE I PS TT R R AR 0 BE Y %
& H(Fi-Fo)/ (Fp-Fo) M & B 3| RKF (X 2) .
(Fi-Fo)/ (Fp-Fo) tH Jx BR T HEiL JF 1) Qs M £ &1,
(Fi-Fo)/ (Fp-Fo) BF+i, B T BRI Qi BN
B, T Qe BARIHR T, Xt 5D, HAH
Ko KB, FATHER - KRS F BUY PSIT R o0
MRS BN, T RE 2 T D, AR R, Q.
Qs E# T XM, Qs A, FEIT Z M0, #—2F
3t PS I R 0= A 4 3 BT B
D EARPSIRNFLEEWFH—AER

HEMEAEED LEIRN PSRN HOD, &

SRR PEAR T HW =) D, A B R IEH -
AHFR D EAFAED, A4, B2 RE L
HITREPREHRERAET D, EAMEENEHE, &
AIIEFEAgUL J7 T R TAE .
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Fig.1 Changes in net photosynthesis of Myrica rubra during
recovery phase after low temperature and light treatments
A 0 pmol m?%™; & 70 pmol m%'; * 350 wmol m%s™
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