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Relationship Between Cold Tolerance and Leaf Structure
of the Three Species of Sedum’

WANG Qian', GUAN Xuelian', HU Zenghui', LU Cunfu? & LENG Pingsheng'**
(‘College of Landscape Architecture, Beijing University of Agriculture, Beijing 102206, China)

(*College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China)

Alidfiea  In order to understand the structure adaptation mechanism of Sedum plant to cold stress, we investigated with
light microscope and electronic microscope the leaf structures of wintering Sedum acre, S. spurium cv. coccineum, and S.
kamtschaticum subsp. ellacombianum planted in outdoor field of Beijing region. The results showed that there were visible
intercellular space and well developed aerenchyma in mesophyll. A lot of mucilage cells were found in the epiderm and around
the vascular tissue. The low temperature from autumn (Oct. 12) to winter (Dec. 1), did not influence the thylakoid structure of S.
acre, or obviously injured its chloroplasts, while the structure of some chloroplasts in the leaves of the other two Sedum plants
was damaged. Especially in the leaves of S. kamtschaticum subsp. ellacombianum, the shape of chloroplast changed from
fusiform to spheriform, and the thylakoid were disintegrated. Low temperature also led to decreased starch grains, increased
mucilage cells with darkened color, and thickened waxiness layer on the epiderm in all the three sedum plants. The S. acre
showed much thicker waxiness layer and more vesicles in vacuole of mesophyll cells than the other two sedum plants. The results
suggested that the stronger resistance to cold stress of S. acre may result from its higher stability of chloroplast structure, larger
increasing vesicles in vacuole of mesophyll cells, and visibly thicker waxiness layer on the epiderm. Fig 3, Ref 16
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Fig. 1 Leaves of Sedum observed with optical light microscope (transverse structure)
MC: FEANM; VB: 455 CIS: 4IMEIAIRR. AL BAHIALS 'C (X100) Fl-4 °C (X100) & HK; C. DAHIALS C (X200) F-4 C (X200) HIRARLLEK;

E. F4M3IR15 °C (X100) -4 'C (X100) (IS EhE R

MC, mucous cell; VB, vascular bundle; CIS, vascular bundle. A, B are S. acre. at 15 C (x 100) and -4 C (x 100), respectively; C, D are S. spurium cv.

coccineum. at 15 C (x 200) and -4 C (x 200), respectively; E, F are S. kamtschaticum subsp. ellacombianum at 15 'C (x 100) and -4 C (x 100), respectively

http://www.cibj.com/ Chin J Appl Environ Biol )i JH 53 E54:H)2F



3FPFERALY T SRR E S PUFREIE R 28]

JUEE, M4 2 eI, R Z B URE . BRI A
PR AR WS SR, TR 20 A, AR A A5 TR ARG R A0 R SRy
i, HAELRA GBI G BAR. WAL 5 X558 25
K 3% B 240 B P R A SR L A A A S R VR A L, B0 12 7 4
S URE RV A M €0 AR TR H BRI RS, IR s £ Rt
PRI 0 TR A L, R R 4 /N I

22 3FERM A BMENTL

TEL0A 0y, B K SRR FoRE 12 18 0, 4 A 5L i v
TEAEVE R BN LA /R (Wg R ATURL ) . 2R B4 5 %% Hh Bl 58 7
SRR JE L, TR EROE L MG RDE | Bk A5 P 4 ) e
NG 22 ONE) . B2 0, R ERICE
IR, Mg 24 T8, IR MO EE 48, iR gioE
iR RNy, = B T = SN e R E 7 NS RV - T =
ST R 2 HESMI SR 3 556 1, I IR 200 B 1) ot 30 5 Ak 3 i
IR % (BI2A, B, C, D, E, F).

FELOF Oy, NG &1 5t 3 S (R 3k J3 v 77 7 R o U 0 b
FE I R ARG VAT AT ARG YR AN TR S — R i, D
SRR AT E AN RE FR L, RO R R, IR B R
RSN FISE T R RS54, 2 0R)a, MR AT RS, TPk 2
AHMASTE, HBLTTRE 438, AR /N, MR G REF
YR e, SRR R, ek B R SRR AR RS, {3
R BB RG, MG BN, R i 22 4 B i )
W IR R R 4t M 22 40, (HR IR AR R, A G4k 5 4 i
B AETE, A rh e SR A R IR LL 32 VR T 2 B TR o, (B T
% (K2G, H, 1, ], K).

15 A $6 22 0 5 R g 4 8 5 v A3 A 2 B AR /NER, R
ULTEARL, WG R IR BT 7 B LU B 2R, R4
MR AT, i SRR RZAK, FH IR ok 1 25 FR T 28 Oy
BRI, WSk P b 5 L 5 7 J2 e ik EL B AT, Tl s
SRR ) " E IR (EI2L, M, N, O).
2.3 3R RMREFMETH

3fpscR M RE AL S, GO, AL
A, sk IF, Hh A s i Z R R ; 205, 3R R M
WAL T AR B B s N, SR T R A R, Hop
B R RIS TR R, BE SR R (F3).

3.1 HRAEESRRIMEFENXR

3P SERAEY YA B TR WAL, 22 0 A AR R B AN
FOLEAS R L, L2 VAR T R T80 200 Y 50 1 S 94k 2 T
SRR PR A YIS &R ARUNEAE (1998) B 7E ikl T Rl
o 215 R I 2R B A N e S DR A DAy S 2 O 9 4
H ), IR AETE T 3% B AR I N B S 20 2 T E I A 40
SO IR 9 — 2 B, A DRl ol K S H G g B 4 1
I PR A A 2 K A R AR AR A (2003) FHG B AN i
P E BT FE R L0 55 KT URBE JT I8 1, ARG A i 24 (B
BEEE ) &R, TR R B, 2 (B

US4 Chin J Appl Environ Biol

http://www.cibj.com/

H) BIBAMERGE, VR —Fh vk A R W5, LAIA 2 5T S 44 K
Y25 kG R, ol 445 VK A 20 R o A At R T N 2 4, LAk S R AR
A DI P 30 38 S 140 200 i 5% R DR ik K 7K S 1A 245 D 3 %o 4
T A 53 T A, RS 40 RT B R 4 955 T Thidg, 4b
B W5 22 5 3G ST AMAK R R B, S 38 R AR HC UK AUy
RO B TR RS AR, S5 JORS VR 4 M B 8 VR, SR NS )
R B A5 A BN T B A 3R R RAE M T, B ROOR R A
HARRSZL D, AT RE 5 3 5 OR N FEMER A OC. 48 15 (2010)
HE, B RAEBOLREIRIA-23.4 C, THAELL = K58
A BN R B B 43 5 -9.8 CHRI-3.2 P, MR
38 FE — 2RI, 55 R W AN T RE 2 4 &, (HG Bk
— P SRR S,

JIA R 1 5% K Pt PR A L =2 T A A 45 ) 7 S 00 i R/ I iy 1
RN (EI1C) |, ARG R /NE 25 B e AT AT RE 2 IE7E &
T R ARG VA L, 3K R R 8 1 2 P A AE R A (R
2G, 1) . WIRHIAE (2001) TA AR W A0 D & & 10 3 A oA AT
AR5 S YR B 4 L 5, TR L BOR T S AP AR R
ARG SRR AR (2003) FIE R WL, Ry R L0 SR A
1) & Z BB W LRI LT S i g R A
CANN AR R, TR I SR AR R A FRATT
R V240 L T B R DA T A M R TR, B A IR IR B fin
TEHE 200 R PN 4 25 1) DX R Ak £ 20 MR T B, 4 L 28 3 W i R
THJE, A FI3G B3 971 e I S MR R O £, KA
D, YR AR R T 48— A RS VA .

32 WM SSERNEENXR

3 KA B A BRI R AR BE (L 5124, D,
G) , HTESZ TR #B HH IAS W) 72 B2 1) T B 7y g B4 (1118,
D, F; EI2E, F, K) . Lichtenthaler® (1969) M 25 & 1L 45 4
Dendrosaeao kenicodendronVKi% T F, ANZ 0T FvK 5 4-0.5
°C., RETHAZ-5 °C--15 CAYMRIRL, M PA A8 I 7ise 30 48 L [ Bt &5
UK, T A B R B, BRI e P 4 8 5% Y K A S LY 2
P ) Bt S 2 A . AR K 1 4 i Ry 4 i A 2 VK
$RAL T A ], AR TR R0 P A5 K, DT A A IR 3 1Y
fa 5, NI YESRAE Y 2ERE ) B A EEAE .

F R RN AR 21 50 R R 4 B P & R R B gk (]
1A, C) , [a] i WL 5% 3] 2 hr 1A B2 %% b [ 58 7 it 2 UK J) 1] (1]
2B, C, E, F), ZEHMWZ M ol g2 8 4,
F PSR AR R B, SR G i S A B
BT AR ) T4 R 2 A L R R Y I
NSS4 R R, 4 v R B A SR, b W) AL R e Al R BE, A
T 5 7 R 114 A B .

TE S 5 R U A A0 0 2 ke B = i (/i)

(E2C, F), B RUlIAE (2001) M4% 2RI 8 T B AR 2E T R
0 L L R 22 AR 5 A B/ NI, TN Ry 3 T AT A4 i
TR (4385 7R ARk, 983 H Ak 26 A8 A mT A 1k 200 2 vk U
T A T U 1 7 7 T B 23 0T 240 B I o B A B IR VR A
HRRZITURA BRI PUIENE, WTRe SILA S UIE R,



19% T 5% e

P2 375 R I i S r i WL 43¢
Fig. 2 Leaves of Sedum observed with transmission electron microscopy
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CH, chloroplast; CW, cellwall; MC, mucous cell; MF, mucilage; M, mitochondrion; P, lastoglobulus; SG, starch grain; SV, vesicle; CIS, vascular bundle; N, nucleus;
V, vacuole. A, B, C, F are mesophyll cell, nucleus, chloroplast, chloroplas of S. acre at 15 °C, respectively; D, E are mesophyll cell, cell nucleus of S. acre at -4 C,
respectively; G, H, I are mesophyll cell, cell nucleus and chloroplas and idioblasts, chloroplas in mucous cell of S. spurium cv. coccineum at 15 °C, respectively; J,
K are mesophyll cell and idioblasts, chloroplas of S. spurium cv. coccineum at -4 °C, respectively; L, M are mesophyll cell, chloroplas of S. kamtschaticum subsp.

ellacombianum at 15 °C, respectively; N, O are mesophyll cell, chloroplas of S. kamtschaticum subsp. ellacombianum at -4 °C, respectively
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Fig. 3 Leaves of Sedum observed with scanning electronic microscope
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ST, stoma. A, B are stoma of S. acre at 15 “C and -4 C, respectively; C, D are stoma of S. spurium cv. coccineum at 15 ‘C and -4 ‘C, respectively; E, F are stoma

of S. kamtschaticum subsp. ellacombianum at 15 °C and -4 ‘C, respectively
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