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The symptoms of extremely cold events
damage on mangroves in 2015
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ki ( Kandelia obovate Sheue et al. ) J4L
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R E. EHEES . PUERG RS

DV RSN i N (I CE R I S (A 73]
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2021 410 AW, ki A AR Em L b 2R
ME R ARED X (117°24'~117°30" E,
23°53'~23°56' N ) Fll =2k b us 21 b bk ] SR (537
X (109°42'~109°44'E, 18°15'~18°17'N) €
BE 1 a ROl . M (R R AE MRS
13 cm x 13 cm EHFEHRH) AR 30 cm, HAR
920 cm (R AR EERR Y o /N0 BY I E FRAR IR
JEHR, HAHAR R AENS AR ISTS, A
—E ) Hoagland's & 57K, {H SRR E 55
W3 om AL, HIHEERENTAEE (BRIR
i 28 C/25 C) W¥EFE, WENIKE 15 d. KE M
)45 2 d B 4—1k Hoagland's & 7%
1.2 XWigit

BVt 3 VA NS S 0 ST VP I <2 N S 5 Y =
TEEE R 25 C /20 C, SEHRFEM M 12 h 12 h,
3% A 400 pmol-m™2-s™", A X} FE K 65%~70%
AR RERE SRR, GG 10 do BJ5 45 PR 20 B A
Wi 2 40, —d R BBAEIREE 25 °C (k) /
20 C () BOLIREEFRAE N, fEXTI; o —d%
ANIRBER 7 C () 14 C (1K) MR
KA ( DGX-260E ) #4040 # ( f55 FR A
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T LT AR ) 20y v Tt 5 4 R TR 48 =% ik 2B 4 1ol
B DU S AR E ; R REE 3 AL, 3K
G-I
1.3 MEmMBS5H*
131 k&Adeym 2 fH Li-6400 AU #5 =
FEAALT 9:30—11:30 5 T 5 4 J T 1y 431 =%t
MR RO AR (P, dNAfLE B CO, ik
(C). RILTE (Gy). ZEBHESE ., W&
BEE W E 408 % IR % 9 S 400 pmol-m™s™,
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1.3.2 vFgE A i FMS2 FHHI Tt
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( @pgy) . JCALFIERKZEL (qP) LIRSk
PERZE (NPQ),
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ZHAEM IR A S a, e E b, HSRE
PIRIHE MRS,
134 REAAHHAH (SOD). it A B
(POD) #MHA=# =8 (MDA) 4&wymlE 4
AHC1.0 g B LRSI R, i 3 mL 50
mmol-L™" pH7.5 Tris-HCL 2% ¥ J5 iF 17 vK 1 BF
&, B0 30 min, B EVEWR AR . FH AL 3k
AW (NBT) ¥l SOD iR, R Arf) A
13 92 0 52 POD 5 ¥ i Du il Bramlage®®" J5
25E MDA & .
135 TAAMEA (H,0,) 5RAMETF (0,7)
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S BTG PE o R PR e A T P s A O™
i,
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2 SR /IN I R AT IR BT K Y 1 x 2 mm (b
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ML

R 2 AT Se I A H 9 10 pm BUUE R,
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I Bk R AE P i AR AL . [WEE, R
BAF ) polygon T EM A fLEI AN, A AbEE)
i3 AEEAS, B MEEAI AL 10 ST,
1.4 HIBFEITHHT

i SPSS 10.0 Geit ik ik 47 5 N 2 5 2243
¥r ( One-way ANOVA) HE47 84 b4, R H
Duncan’s 7 i 56 4b # 8] 2= 5 19 8 % K (P<

0.05), B8y i F3¥ME + brifidw 2, @it
SigmaPlot 10.0 £ F#HER .,
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MR IR A R AR, TR AL R 214
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TE: A IEWRMATHON, a: MRRTHRGN, B: IEW &M TN,
b: fiGiE FLpiZ

Notes: A : K. obovata under normal conditions, a: K. obovata under
low temperature stress, B: L. littore under normal conditions, b: L.
littore under low temperature stress

B2 {RIEMEXFFLIRIEY 4 £ KB R B2
Fig. 2 Effects of low temperature stress on growth
of two mangrove seedlings
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5, FLRRARNR B2 B M0 B ) e s . i, 5
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Table 1 Effects of low temperature stress on gas exchange parameters in leaves of two mangrove seedlings
AREEY) b3 B AR SIS Ji1 ] C Ok [ A LRI
Mangrove plants Treatment P/(umol-m™2-s7") Gg/(mmol-m2-s™") Ci/(umol-mol™) Ls
X 6.38+0.54a 147.87 £+ 0.93 a 317.03+12.25b 0.25+0.03¢c
A 24 h 341+1.09b 111.43+0.30 b 376.99+ 11.31a 0.14 £+ 0.05d
K. obovata
48 h 1.14+013¢ 43.69+0.72d 24914+ 1583 ¢ 0.55+0.10 a
X 6.30+0.27 a 151.87 +6.84 a 252.80+6.95c 0.38+0.01b
s
aLbi 24 h 0.19+0.01d 68.54 +8.79 ¢ 322.45+7.06b 0.21+0.02¢c
L. littore

48 h -0.33+0.06d 14.84 £3.20d 391.10+591a 0.05+0.01e

Vi FSIARNG PR RA R LB 0 A 2 57 B35 (P<0.05). R

Notes: Different lowercase letters of the same column indicate significant difference at 0.05 level. The same below

AT rE A F T AL R R S AL S
JE (Gg) ZEfeiash 5 PRl (£ 1), SXFIEAH
b, fRIEMME 24 h AAFET, BROARIZI 2= 4h i it
A Gg 539 F K 25% H1 55%, TmifikiEiria 48 h ik
BN W Rh AW AR Y R G 4 BT B 70% A
90%, XFEALMEZELH R Gg XHITTE M B H Bk
it S R AR

e 1 AT, FEAR T A U V) S KK Sl 4
Al CO, W ((C) HIeHimRerfash, M
WAL B C; R . 7EMRIE e 24 h 4
BT, B, ML R C XY 1.19 £%
1.28 1%, SR, SXTHEAR, GEMHE 48 h 4k
PR, BAighimint i G RIR T 21%, M4
it C SN T 55%.

BRI A IR e, 2T 2= gh i o < FLRR
HIME (Lg) FREEREAL, RO i A LR A
LERR RS (R 1), S EME, IR
24 h AEER, B . ZMEZRANE TR Ls Sl
ik 44% 1 45%; KR MiE 48 h kb PR Rk in AR 4
MR Ly ETFT 120%, Mottt i< fLIR

HMEFEAR T 87%.
2.2 (RiBEMBXIFFHIRAED L E T FHERER
S SE IR

H2¢ 2 AT, Bl RRE B IR E G, Bhomh
ML AL R FFy. ®pgy F qP 14372 7 5
Ao ARIREE TS, AL A FUF,. Ppsy
QP T RRIE Y KT HOm,  ELREE KR e
HER, AAEFEARIE R R, SXT A, ARIR D
24 hF, Bomghmnt A FlFn. ®psy. P 53l
A 18%. 21% LU K2 25%, T 2188 25 4y i ot
FJFm. ®psyFl qP W23 5 B AR 32% . 41% L K&
27%; AR Wi 48 h4b ¥ T, Bk 4 ¥ A
FJ/Fm. ®psy. qP 53l B Ik 39%. 38% LA J&
44%, LMLt R F/Fy. ®Ppsy . qP 435
FEARIR 70% . 77% VAR 51%., Fifi 5 (0 I 3 1t ]
FER, BOMANE A NPQ S 2 Wi ingo#asi, i
IMEZELh T NPQ HIJE R (£ 2). Xt
FEAHLL, RIEMME 24 h A1 48 h R, B4
A NPQ 4341 26% #11 49%, (KM G 24 h R
LML A NPQ X IR 1.28 175, 1 i IR

* 2 (REREWEMIMEYHETFHEEASENZ N
Table 2 Effects of low temperature stress on chlorophyll fluorescence parameters of leaves of
two mangrove seedlings

ASLiEEY) b

Mangrove plants Treatment F/Fm Pesu 3P N
X R 0.85+0.01a 0.58 +0.04 a 0.69 £ 0.06 a 0.53+0.29 cd
A 24 h 0.70+£0.02 b 0.46 £ 0.07 b 0.52+0.09b 0.67 £0.28 b
K. obovata

48 h 0.52+0.02¢c 0.36 £+ 0.04 c 0.39+0.06 c 0.79+0.20 a
X R 0.69+£0.01b 0.56 +0.04 a 0.49+0.06b 0.47 £0.05d
ZI_*%Z}‘ 24 h 0.47 £0.04 c 0.33+0.01c 0.36 +0.04 c 0.60 £ 0.04 bc

L. littore
48 h 0.21+£0.04d 0.13+0.03d 0.24 +0.03d 0.17+0.04 e
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iH 48 h AbFE R H NPQ X IR 36%.
23 (KEREXNFAMHANNEDHETHFEEEE
SERIFM

H12¢ 3 A, BRI it ZE R B AT 24
B E (Chl) i, 2 E NE (Car) &

i, Chla/Chl b H¥Z#H /> (£ 3). KiRALEE
TR LR AE YA B, B i R Chl 5 &
Car . Chl a/Chl b {1 & Car/Chl {E¥ Hb4T
ZEE

*3 (RBEMEXAFAMEDNDE A AERENZN

Table 3 Effects of low temperature stress on photosynthetic pigments in leaves of two mangrove seedlings

AREEY) P MRS R EHE M REE Sk K alt b EHE MR R
Mangrove plants Treatment Chl content/(mg-g™") Car content/(mg-g™") Chl a/Chl b Car/Chl
pagit 1.14+0.15a 0.20+0.01a 3.05+0.04 a 0.17+0.01b
A 24 h 0.96+0.19b 0.19+0.01a 2.85+0.03 ab 0.20+0.02 a
K. obovata
48 h 0.93+0.05b 0.16+0.01b 2.56+0.08 b 0.17+0.01b
pagit 0.90+0.12b 0.09+0.03¢c 211+0.14 ¢ 0.10+£0.03d
R
é”."“'ﬁ 24 h 0.69+0.04 c 0.08 + 0.02 cd 1.81+0.12cd 0.11+0.01d
L. littore
48 h 0.53+0.04d 0.07 £0.02d 1.71+£0.04d 0.13+0.01¢c

SxtREAE, (RIEME 24 h 148 h A0 BT,
Mg B Chl & 54305 F B 16% 1 18%; ik
EWriE 24 h A FER, BRI ET T Rt B Car/Chil
Bt 18%, TiAIRNHE 48 h ZbHE N Rk L4 i
Ji Car/Chl TG &M 22 57 W MIRTE 8 A HAH
b, B4 A Chl & & 0 i & 2 5451k, ifi
Car/Chl {8 .2 T % ( P<0.05)., SxfMEAHI, 1K
M iE 24 h T, BKOSH 4B 0 R Car 7 & il
Chl a/Chl b {E¥17JC b 2 22 284k, Wi E 48
h 4L F R Rk 40 i i F- Car & 1 Chl a/Chl b {i
i 2 TR (P<0.05),

XA, (RIEMEE 24 h 148 h LB,
NI A Chl & & 73 5 FE AR 23% F1 41%,
Car/Chl {5435 E Tt 10% F1 30%; BN iR Hkn
ACFRAR LY, ARIRMME 24 h AP 2R 25 40 it A

x4 REMEXAMIMEYH FBEIEWAE (SOD ) IELYEs (POD) FEMKRA_E (MDA) &2

Chl & 3 &= TR IE M8 48 h AbFE ( P<0.05),
PRI 3 A BT 2844l it - Car/Chl {53
LTt SXFEEAHE, RIEME 24 h KB A2
M A Car & &:F1 Chl a/Chl b B JC B 325 5
Ak, MR IR G 48 h b BT 40 HE 254 v
Car ¥ 1 Chl a/Chl b {5 2 T ( P<0.05),
24 (REMEXNHMFIHETHEHFRELE
GERIETEAEENEm
BRI ALIHEZ= LN T - SOD 176 4 447 Bifi 1 15
T IER R RAG, HLLDNE 24 T [ %) e 4 K
(F4). b, SxHEEML, KEME 24 h fl
48 h A0 3T, Fohi & it i SOD i 4 43 il B A%
2% 1 61%, TLIBIZE4h 7 SOD i 143l K
fik 51% F1 85%. AFEMEHEAFEF AL, REME
24 h AR, BN F SOD i M i 35 s TR I

IFE

Table 4 Effects of low temperature stress on the activities of superoxide dismutase (SOD), peroxidase (POD)
and content of malondialdehyde (MDA) in leaves of two mangrove plants

ARGLEEY) Ab SOD 14 PODY S =g
Mangrove plants Treatment SOD activity/(U-g™") POD activity/(U-g™") MDA content/(mmol-g™")
X e 59.99 +0.64 a 1.98+0.57 c 1.01+0.01e
A 24 h 58.80+1.89a 421+063a 1.36+0.11d
K. obovata
48 h 23.61+1.57b 282+0.37b 1.65+0.04 c
X e 59.93+284a 253+017b 1.29+0.02d
g‘%$ 24 h 29.21+165b 1.20+£0.01d 1.98+0.04 b
L. littore

48 h 9.02+1.88c 0.16 £0.15e 242+0.01a
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8 48 h AbFE, iS5 X IR 22 E) G 2 22 5 AKIE )
824 h b3, 2824 i SOD 3 4 5 %
FEFMIGIEG 48 h A fEAE 255 (P<0.05 ),

BE A I e s [E] 2R, BSR4 i e POD i
PESEH SR, LI i POD i 4 — 4
SRR (K 4), SXTEML, [KEME 24 h #
48 h AL HE T, Fk A 4h B i 7 POD & M3 m 1
113% H1 42%, MLIHEZE4 7 POD i 1431
F#A% 53% F1 94%.,

Bifi IR 38 SE A PR e 2T A AT 0 - MDA &5
BRI, Bzt i MDA & s T
B (£ 4), MRIEMGA 24 h, 48 h bR, Fk
il 4 1 R MDA B & 4y 51 ok X R 1.35 4%
1.63 £, TMZLMEZ= 4] 1 it i MDA & 55t 3 1)y %t
HE 1.53 f5 71 1.88 1%,

2.5 {RiBBMEXI TR AMELEMN F H0, &=
o, & =M

H e 5 I, FfE IR a R AR, RO
ML R HoOp Fl Oy~ Fr s 420 ik . 5%
FEAAEL, fRIEMNE 24 h F1 48 h AbE R EKSR 4
F H0,. Op 8 840 B AN T 20%. 27% Fi
44% . 32%; KIEia 24 h, 48 h AP F 20 f2s
ZB%M‘H‘ H202 %ﬂ Oz'_é\iﬁj\%uiﬂﬂT 31%. 37%
560%. 43%.

*5 REMEMEMIMEYHFTIELS (H0,) &
EMBERET (07 ) BN
Table 5 Effects of low temperature stress on the
contents of hydrogen peroxide (H,0,) and superoxide
anion (0,-7) in leaves of two mangrove plants

H,0, % it O, H ki
ELBTH e H,0, content/ O,'~ content/
Mangrove plants  Treatment - -
(Hmol-g™) (nmol-g™")
X HR 63.74 +4.76 c 410.01+£0.41b
i 24 h 76.47 £+10.52b 520.21+0.42a
K. obovata

48 h 91.68+222a 541.65+053a

By 349:033f  30.11:0.12d
A 24h 456:110e  41.12:0.11¢c
L. littore
48h 557+095d  43.12:0.13¢c
2.6 {RIEMMBEX AFIHEW S E M F HHREE
(el

HIFEL 3 a1, XFREZRAETS, Bkl (&1 3A) #iI
ZIMEZE (18 3B ) Ay i A i S (A 5K % A 1 240 i
BEFAIE B2t e, RIUOAPRIRaE Mgk, 2

KR JZHEANE N S A Y, R nl g, T RO
B s iR NG IEM AL (S) FIEHIA (0G), 5
XTREAH LG, ARIRENE 48 h bHE AN (B 3a)
ZIMi7E (1513 b) RYMERIR SR IR, FiH2piAk
URTA 75 v T L At NI SR 2 T = LTH N 1N
I AR R A0k IR 5 HE BN 0 T el 2 A R 4
FErP LI MRy B W R RS AL SZ AR P 475 7
K, IR | BRI R b 2 RO
b, FEBRLR R

4
T

e
e A IEH R RO A R, a: (R T RIS i
5K, B: IEH A FAMIZEM AR IMEE, b IR N4t
RS, CHM: Mapfkif; GL: Bk Z; S: JEMk; OG: 1§
Hefd

Notes: A: The ultrastructure of the chloroplasts of K. obovata under
normal conditions, a: The ultrastructure of the chloroplasts of K.
obovata under low temperature stress, B: The ultrastructure of the
chloroplasts of L. littore under normal conditions, b: The ultrastructure
of chloroplasts of L. littore under low temperature stress, CHM:
Chloroplast membrane; GL: Grana lamellae; S: Starch grain; OG:
Osmiophilic granules

E 3 REmME TR RE Y SRR B R
Fig. 3 Effects of low temperature stress on the

ultrastructure of chloroplasts in two mangrove plants

2.7 (RIBEMEXNIFFILMFLEM FSFLEH
FHIER 200

AP 4 R, AR BME T RSN ZIE 2R 40y
ST SR BB RN i, AR
RS H R AL SELARIT R 2
TaMZ (P<0.05). SxMATL, KRG
48 h GLBER Ak . ZLMEZE A M R AL SERL
FOTIREERIFAR L Z A [RIRE, BROMAHIH <
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¥ OB %

37 %

FLIF oK BE 9 35 8 35 & F2di s (P<0.05). HXf
TRAA L, (RIEMI0 48 h AL R BK A NI G224
SALIT KB G2 BIIAAR 37% F1 80%, LA ALY
WEFET 25% Fl 24%.,

TE: A(50 um) Fla (10 pm): IE#H &M TGS SL; B (50
pm) A b (10 um) . L F B A9 <TAL; C (50 pm) Flc (10
um): EHE SRR RAL; D (50 ym) #d (10 um): Kk
JHpie N MR AL

Notes: A (50 ym) and a (10 ym): The leaf stomata of K. obovata
under normal conditions; B and b: The leaf stomata of K. obovata
under low temperature stress; C (50 ym) and c (10 pm): The leaf
stomata of L. littore under normal conditions; D (50 ym) and d (10
um): The leaf stomata of L. littore under low temperature stress

B4 REANEX FRL A E SRS H R
Fig. 4 Effects of low temperature stress on the leaf
stomata of two mangrove plants

3 ik
SeE VR R AE KA T B SRR, T

38 AR WU ' A VR 5k 55 1T LS T FE e
JyBE WESEIN , EE G E A A e A AR

PR A7 AT 43 AL R A AR LR ), Herp <AL
FRA S8 i R AR R R R R AL G 5 |
e Ci. Gs BN, Ls Thim; iR ALRR ) =2
RN CHHE, L TR, XIHE T B SRt
RARSE, LA ARG IS, B EBE2
BHAEET30 FAF iR B, ICIR A 2 2 e
ST L e RN G T oY e Y G AN S TRV (NS
ZERIZRZ, e, HEMk, mAsiin g
HAHRREAL, X IR AL S ) R
— 8 R, AR AT R L AR A T RO A RE
FFTAN AR A IRIE . FEAWIGEH, 48h 7 C
(&) /14 C () MBS B ms /N, H
FERRA AR AR, T 7E R T 224l
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Table 6 Effects of low temperature stress on leaf stomatal indexes of two mangrove plants

SALIFR JR—
- Stomatal aperture LI
ARLELY)| Ab P ALK AL P
Mangrove plants Treatment Stomata length/um Stomata width/um ¥ W Stomatal Area/
Length/um Width/um um?

Wik gl 3649+041a 23.36+021a 31.81+042a  10.07+0.18a 367.59£2.32b
K. obovata fKiR 39.29+0.36 a 21.71+£0.14 a 28.73+0.23 a 6.37+0.24 b 458.31+2.68a
o gl 24.75+0.07b 10.29+0.10 b 18.42+0.16 b 2.79+0.31¢ 154.54 +2.31 d
L. littore it 2421+021b 10.27 +0.22 b 18.16 + 0.37 b 0.55 +0.11 d 192.02 + 8.46 ¢
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Effects of Low Temperature Stress on Leaf Photosynthetic
Physiology and Antioxidant Characteristics in Mangrove Plants
Seedlings with Different Cold Tolerance

XU Ming-hai', FENG Yu*?, TONG Yu-yan**, YUE Dan-fe?, ZHANG Hui-yu?, ZHENG Chun-fang?

(1. Bureau of Natural Resources and Planning of Pingyang, Wenzhou 325400, Zhejiang, China; 2. National and Local Joint
Engineering Research Center of Ecological Treatment Technology for Urban Water Pollution, College of Life and
Environmental Science, Wenzhou University, Wenzhou 325035, Zhejiang, China; 3. Fenggang Middle School, Ningbo
315500, Zhejiang; 4. Wuyi County Experimental Primary School, Wuyi 524048, Zhejiang, China)

Abstract: [Objective] This study investigates the physiological response of two different cold-tolerant man-
grove plant species to low temperature stress, which provides a theoretical basis for studying on cold res-
istance of mangrove. [Method] Based on the cold-tolerant variety Kandelia obovata and the non-cold-tol-
erant variety Lumnitzera littore , three temperature treatments were set for treatment, including 25 “C/20 C
(day/night), 24 hours at 7 °C/4 °C (day/night), and 48 hours at 7 °C/4 °C (day/night). The differences in the
of photosynthetic parameters and fluorescence characteristic, antioxidant capacity, chloroplast ultrastruc-
ture of two mangrove seedlings were compared and analyzed. [Result] Low-temperature stress inhibited
the growth and photosynthesis of L. littore seedlings but had less effect on K. obovate. After 48 hours of
low-temperature stress treatment, the activities of superoxide dismutase (SOD) and peroxidase (POD) in
the leaves of L. littore seedlings were reduced, but the content of superoxide anion (O,-"), malondialde-
hyde (MDA) and hydrogen peroxide (H,O,) in L. littore seedlings were increased. It was also observed that
the leaf stomata were closed, and the contents of photosynthetic pigments were decreased. Additionally,
the ultrastructure of the chloroplast was damaged, which eventually led to a decrease in the net photosyn-
thetic rate (P,), stomatal conductance (G;), maximum photochemical efficiency (F,/F,,), actual photochem-
ical efficiency (®pg;), photochemical quenching coefficient (qP), and non-photochemical quenching coeffi-
cient (NPQ) of the leaves. Under the same low-temperature stress, the photosynthesis of K. obovata seed-
lings’ leaves was also inhibited, but the decrease in leaf P, was approximately 79% of that observed in L.
littore. [Conclusion] K. obovata exhibits stronger cold tolerance than L. littore, possibly because K. obovata
can not only maintain higher stomatal opening, photosynthetic pigment content, and POD activity, redu-
cing the damage to chloroplast ultrastructure, but also regulate energy dissipation to alleviate PSII photoin-
hibition, thereby reducing the damage caused by low-temperature stress to membrane lipid peroxidation.
Consequently, K. obovata maintains its robust photosynthetic capacity.

Keywords: mangrove; low temperature; photosynthetic fluorescence; antioxidant system; chloroplast
structure
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