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Effects of short term chilling stress on the photosynthetic physiology of fingered
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Abstract: Fingered Citrons ( Citrus medica var. sarcodactylis Swingle) is a chilling-sensitive ornament fruit plant. The
chilling stress greatly affects its growth and yield. In this study, we studied the changes of photosynthetic physiology under
a simulated chilling condition which happens frequently in mid-Zhejiang area. The results showed temperature below 15°C
significantly decreased the net photosynthetic rate, stomatal conductance and increased the intercellular CO, concentrations.
The 10°C was the inflection point where the Fv/Fm began to decline rapidly and Fo began to increase. However, the 15°C
decreased the Fv/Fm significantly if the treatment length was postponed to 72h. Chilling stress also led to declines of
carboxylation efficiency, the maximum photosynthetic rate, and the PFD when the photoinhibition was observed. In contrast
to the control, the chilling treatment generally led to a rise of relative electric conductivity (REC) in leaves and declines of
SOD, POD and CAT activities. In brief, short term chilling stress primarily weakened the activity of key enzyme in
photosynthetic carbon fixation, such as Rubisco, caused an accumulation of reactive oxygen species, and then led to

photoinhibition and a decline in photosynthetic rate.
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Fig. 1 The net net photosynthetic rate, stomatal conductance and intercellular CO, concentration in C. medica leaves after treatement with different

temperature for 12 hours
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2.4 (RRABEERIZER ST TF Fo/Fm 500
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Fig. 3  Fo in C. medica leaves after treatement with different

temperature for 12 hours
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Fig. 4 Effects of extended chilling treatment on Fv/Fm of C. medica

leaves
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Fig. 5 CO, response curves of photosynthesis in C. medica leaves

after treatement with different temperature for 12 hours
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F1 TEHBELBTHFHE COMER JABUFEEME AR FHBER
Table 1 The CO, compensation point, maximal Carboxylation and photosynthesis rate in C. medica leaves after treatement with

different temperature

, CO, #MEX RRARER (V. ax) R TR (o)
CO, compensation point The maximal Carboxylation rate The maximal linear electron flow to through
Treatment temperature (°C) , s 1
( wmol/mol ) (wmol m* s™") photosystem II (pmol m* s™")

25 82.8 +2.04a 31.7 +4.56a 7.74 £1.25a
15 100.4 +8.49a 15.5 £2.50b 4.28 £0.41b
10 182.3 +11.80b 5.9+1.09¢ 2.31 £0.26¢
5 245.2 +11.83¢ 3.5+0.45¢ 1.04 £0.16d

TR R B R E AR N 6.51.4.96.1. 54, K WLAY

8 —e—25C
BT ALHE N 0.029.0.012.0. 006, 7] i He kb 5 it A A
CBIYGA HIZE 55 X 38 25) IR S TR P R 35 6 - -a--sC
27 EEERMHTT R R EEE S L ] T
-4 ?ﬁé L _,

ANLBUIATEYE . MDA T RBHMMASRER R 2 2 S e
ZHMEGERENEET. %2 85, ML EE i — 1
R R SR K MDA (&8, BH R 10C K& O e
SCAI T PR SRRMA SRIRE 0t —op e
TR (p <0.05) , RIANB MK REC L2 BB Y63 PED (wmol-ms™)

SOD.POD J% CAT EAEM I 4 1 that fegpam 96 /RIRHREEALI 12h 5 bt HOt & RO i 2%
ﬂ@ﬁ% % E/‘J 3 /|\ E% mo M % 2 m. I E‘ Hj , ,Q\ 1 Zli s Fig. 6 Light res.pons.e curves of photosynthesis in C. medica leaves
after treatement with different temperature for 12 hours
SOD POD J CAT =3 i 1 bl & b 2 R B2 Y B AR T
T, ZFTE 10°C LB A T ARXT T3 R IREAR 21. 6% 17.3% J2 9. 1% , FFAE 5°C X Bl R ARAE, X 7T fE
X P MNMRERM T T A 3R K MDA SR BETRMERRRA,

®2 FARABELXLETHFHFESE MDA §E% SOD,POD . CAT FHEZEL
Table 2 The changes of conductance, MDA content and SOD, POD, CAT activity in C. medica leaves after treatement with different

temperature
Vi & Temperature ( °C )
i H Item P
25 15 10 5
FRIEBHE (%) 19.6 £2.17a 22.5+0.89% 32.11.60b 38.2 £5.09b
MDA (AA-gFW 1) 1.77 £0.29a 1.65 £0.25a 3.17 £0.49b 3.43 £0.21b
SOD (U-gFW 1) 1701 £199.3a 1508 £369.7a 1333 £76.0ab 1022 £97.2b
POD (AA~min'1'gFW'l) 1310 £ 147.2a 1275 +118.4ab 1083 £256.0ab 957.7 £14.8b
CAT (AA-min L gFW 1) 88.0 +10.8a 86.7 £2.31a 80.0 +8.00a 46.7 +2.31b
K

JE BRI 5 A MO B AR PR A SR R 2 BRI R <AL R 23 5 P 0 AL PR A P 0 B 3 98 4 T
RERARSFLRR BRI, b DASCAL BR B D 3222 B B A 0 2 R R S MER IR SRR AL, I P 4T
i A R R R ARG ARIRMDE AR P, FREMER, SILRE ¢, TR, EHE
CO¥EEM . BT, RUMRE TR T P, TN EZFRFEHIFIALRRGE, X T EEFE L2 ME,
RuBP J2 LB #E & RuBP FRA S5 R % o X —45 5 5IRM B & 18 FHRIR K wi B A LA L, BAR T
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AN B FRMAE R, (B F Pn BE TREMHAEEZ 15C, RN EMN Pn B2 T REMEHQOREZ
10°C , 7] AR AL AR 720 il 0 T ¥4 2 A0 B 8 TR B A

HYIEEVER T CO,EME S BR T LR 3 R AR AR M HE™ . EEIRIEMEE, ST A obs
COAMES BE EFH(FE 1), LB T H 56 WP I3 3R R I FUAE T 85 o AR 3033 B T iR I
HORTHE S R T — R B TR, BRI R 2 B OB RE, B IR A RS EDOR R B . IRIR
TR CO, M ST 2 B B 25 FR) P M 3 R ER A 385 3% ) L 7T R 49 T MR ) — @ 2 L) , A4
HEVMRZRE

M4 Farquhar I Sharkey 32 H FAE ) SRS e A AURERY | iy 20 B[] B -5 3R AL BB 22 18] CO, i Bevd
A 1E R BRI AEXTAR /N, B b —MIA Sk CO, Wi 7 i 4% 7] 46 #5428 7 55 RuBPCase (XM 1,5- —BEBRR TLEE)
HITETE , L Rk TR 3 (U, ) 5 RuBP A d R B IEA X AP A, RIES 6T A
Ve W, Z2H R Ff) RuBPCase 35 HEREAR . ARIRMMA T 28R FR™ HEEDY B3 S/EW I Rubisco
IR BB 2 T, T I RuBPCase 1% 7 i B T BB 2 A 4 X IR IR B 238 WA L . ASBFSE o, AR Bt
B Jmax 78 H B0 B2 R R, 78 RuBP BT A % 32 BIRIE S50 . BT RuBPCase % 11 RuBP P4 3
IR, AFTF Calvin B, XA RERMMIBRFG THFHRAAGEATHRAERERNZ — NRZERHE
W, T, BT e SHEREE A1 DI E A R E T (CF1) 2564 B A4 AL 2 MR 56, HETT R0
T ORRE MM R e

Fo/Fm R/NRBRT PSIL YAk 238 R MR , BRI M3 B SR S8 s 2 BE AR A, IR A T8 5 | AR A
Y R B Fo/Fm RRES 2 ARBEEH, 15CAREE 12h JEH6 M A1 Fo/Fm 35 B 90EA B840 (18 2) ,fH
RLBREAIRER 2 720 J5 LB E TR (B 4) , 38 15°C A3 12h 512 A 3R K TR (& 1), £ 2 f Calvin
VGBI , T3k i PSIT A2 Ak SR AR BT , 1H 24 40 B B[] 35 24 %E (4 72h) J5 253152 PSIT fY
Hif5. 10 .5CLLH 12h BIBBBIHE Fo/Fm (IREAR , BoiF, Fo BB B FH(E 3) , M PS [ 07 A0 5 15 Bk
%[39] .

MG RAB Y N 1 P A i BT, A AL TR RSG5 R , Calvin JEFRXT CO, B WA, IR T
ATP }% NADPH K346, #EMIE R H,0,% A fi 2t 3E 5 R4 M R G805, AT m TSRS . &
W, bl A KB IR BE A T R, TR0 R S 1 \MDA & 2 X 23 ik $, R BTAE VR 40 M B AR E I BR 1Y
R AL R B B 5 [RIA SOD POD . CAT Zhi LR IE HEIn B 5 (32 2) , RN TLEA
RS RGN R B E MR A TRR 01 B4 1 2R R R S B, 8 5 B4k D1 78 FRTAA (pre-D1) & R HY
JEMPE T G(EF-G) ™ Bk smi 3245 i) PSIT 16 2 - SBOEIMEI A &£ o W bha T B 5640 i 31
GARH L , 3K BRI ATHE 4 CIRESM T 450pumol -m s ™' {4 F R B OE A 1R FA 2 Bl - o A&
BRFH , b AR RE S TR 0T [, L T-RCR A Fo/ Fm (EFEAR, R TIRIBOEIMHI 9 & 4 (B 4,18 6) .

B2, SRR G B e 2% RuBPCase FIMRILR, B PSIT YAk 2p Ak R T, PSIT B PO R B
W, PURALEE R G T BERRAR , A B i SRR, BEMT IR S WU IR . BRI, ZE B Tt o , B2 By 4
G, AR LM HOEA DU B E TR A
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