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Research on Cold Tolerance of Four Species of Wild Carex Plants from Mount Tai

YE Yan-ran' FU De-jing' ZHENG Cheng-shu' ZHU Cui-ying' ZHANG Yan-min®> WANG Wen-li'
(" College of Horticulture Science and Engineering, Shandong Agricultural University, Taian 271018 ;
*College of Life Sciences, Shandong Agricultural University, Taian 271018)

Abstract In order to evaluate the cold tolerance of Carex rigescens, Carex lanceolata, Carex leucochlora and Carex humilis, 4
species of wild Carex from Mount tai, this experiment was conducted. On the basis of field observation, the relative electric
conductivity (REC) and root vigor were determined in the leaves of Carex under the condition of artificial low temperature treat-
ment. The logistic equation was constructed based on the relationship between REC and temperature, then the semi-lethal tem-
perature was determined. Malondialdehyde (MDA) contents, free proline, soluble protein contents and SOD activity were an-
alyzed. The results showed that: the leaf and root of Carex showed different tolerance to cold, which was no significant correla-
tion between them. The contents of MDA, free proline and soluble protein increased firstly, then decreased. The activity of
SOD enzyme showed differences due to various cultivars. The lethal temperature LTy of four species of Carex was ranging from
—11.74%C to —18.65%C, the order of cold resistance from strong to weakness is: Carex lanceolate > Carex leucochlora > Carex
humilis > Carex rigescens. According to the decline degree of root vigor, however, the order of cold resistance is; Carex lanceo-
lata > Carex rigescens > Carex leucochlora > Carex humilis.

Key words Carex; Relative electric conductivity; Semi-lethal temperature; Root vigor; Cold tolerance; Physiological re-

sponse
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SRR e R BT IR A PR A A . WO SRR B
RiA Y22 SRS . &M S YR BE | AR
FH%:77 1 ( Reznicek, 1990; E24T %5, 2005; Marlena
& Pawel, 2011; Ninget al. , 2014), ETiZJ@ Y
FEPERTRABF AR WLARGE

AL A R 3 T el ARt A 0 T 2 T A AR ) 1) 75 SR A B
s, AR FE RE 1) A SR AT A Y i R
BEENR, TWEMWNTIR S GEIRIT A% A
F9 - BN A B T AR RO A EE e 5 5%
BeAs FE L,

ABEFE LA B 28 1L 3 8 & BL ( Carex rigescens ) |
P& B ( Carex lanceolata) . i3 E 5 ( Carex leuco-
chlora) FMICIE & B ( Carex humilis) %5 4 Fhi A4 & EH R
Y AR R, 3E e F ) i S A R 4 58 AN AR
TR AL T 40 AP A . AR AR TS ) LA B e A A
eaprey g , T HHFEEHRITE G, UBAR
G & R R AP PUIEVE A B b AL B R (i) 2 A
fift, AE R FEMRFFRAIER | W AR B LA B
[ AR ik DX 679 5 | o B Rt G A AR

1 #M#¥EF*

L1 RE#ME5REET

5T 2014 44 J ~2015 48 3 HAEIL AR ALK
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Fig. 1 Changes in air temperature during

the experiment period

1.2 # &5 EiE

SRk (2010) R A FHH(2012) (9 2, #
B OB 35 RE L B 50% B o kG I, B gkt
BERAF] 50% BP AR & W, B R F W Z AL
HH AR E] 5 AR A A 30 1] S0% LA b iR BT A E R
R 0 R RO A e A R

1.3 HNBSERMERIERE(LT,)

S HRFHEE(2008) i N TR IR AL FE ik, E 6 4
KR FERERE, 425/ 0C, -5C, -10C, -15C,
-20C, -25C. A% T 2014 4£ 11 A Eajdker, Ff
PLEE UK 8 — S B, BRI ehke T, R
FOKEEE 2 I, FWKAW RS HAFEFER
HEE3IR, 85— 1EEH3 KRS, S0 EMMER
6 AL I /3% THUEAS 1, £ YT - 10C B IREIFL
PPHEATIRIRAL R 3h, Sk i 304 K E T 8°C g 12h,
SRIGFER 10min 22 0°C, F 0°C {5 /1 3h BUHEE 1| 41
i, M OCTFIAREIR 10min F -5C, 7E -5C{5:% 3h
JRBURSE 2 M, UL, EERRE -25C,
RIRALHLS , T 4°C VKA 2218 1L 7k 12h F5),

PRI REM (R BIER 4, FIBY T BY ALY 3em KA
MBI, MAEE 3 A EE, S0 EERO0. 5g K
ABLES, IMAZEETK 20ml, BiE 4h 50 DDS
—12A R G RO E B RS IR L S S 5 SR
Ja /K 10min [ E R, F 10min f5 10 F &
SRS, FAHEZRWK S, HEMHE SR
REC(%) =100 x (S, =S,)/(S, -S,)

TR FIH SPSS # K AR XS L 3 AR Lo-
gistic fZR 77 BRBEATING, 4k i 455 A0 IR BE B R 2 3
FLIRE

L4 REWMEHHNE
S EF(2011) W77k, M TIC Bkl E
(R A T AR RIAR RIE H1,

L5 {RiERME T8 X ERIERA N E R &

ZIE R (2006) FIX K T7 Bk, HACE TR
P LI E 9 B (MDA) & &t &k /UM (NBT) 3%
i 5 e AL P 5t AL g (SOD) W s % il se ik G -
250 W 7E AT 2R S R L R R =R L
RE Ui 125 il PR 75 ik o

1.6 HEAE
F H Microsoft Excel 2007 X %5 4% i#F 17 A4b ¥ 3 /¢
&, FIH SPSS 17.0 #4447 4 Ktk Hrf s 2 7
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2.1 4HEEMNEENE

S WA LI, 4 fEERAYE A RIKE SR
HF(HFELFRMIE -15.4C) gL LB L,
HES AR R AR BRI, B s i aR s &
fit 3t b 4 S ARG, R S R PR Y R ORA T R
W, MR 16% 0 22% 5 fIREE R i 7€ A

A, R R RER A EBLAE AT RUR; B
B TR, FART BRI 174 JLF
SR AR, ARIEF 5%, LR,

BAh, 4 ME RN EPMEFHBERESR
(F1): BEHERATEIM N1 A LA, BFMHR3
A bfl, HEWEK 310 X; ESEMR NN
12 AA], BHEMA3 A LM, HgWh28s X; #
SEFRNEWON 12 APA, BEMA3 AW, H
L1280 K; AEEEMAEYIN 12 A¥, BF
WA 3 Ay, HEN 260 X,

®1 AMEBEEMNRBAEME

Table 1 The Percentage of withered leaves and green period result of Carex spp.
GiES B BT 4 (d) Mt (% )
Species Wither stage Green-up stage Green period Percentage of withered leaves
B 2014/12/20 2015/03/05 285 58
HTHRER 2014712712 2015703702 280 22
W B 2015/01/15 2015/03/10 310 16
[SEIF:a=) 2014/12/02 2015/03/12 260 95
g ] 100 — g 100. 00 —
# 1 90.00 &
2 | £
80.
T 2
70.00
60.00
{ s0.00
0o 5 10 15 2 25 30 35 %
¢ 1 100,00 b uls § 100. 00 P
W @
o |
® ®
® =
® e
o 5 10 15 20 25 30 -35 o 5 10 15 20 25 -30 35

2 FAREEEMNBSEEREELA Logistic Lk

Fig. 2 Logistic curve of relative electric conductivity to low temperature of Carex spp.
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2.2 MAEXMESEREFHIERE LT,

HIPE 2 AT UL, 4 b 55 JE A A A5 O AR G i 5 R
YR Ak R BE R RE AR T B, HEUEE S B
%, MaEARR, “S"MEhLEA R BRI Logistic
MZABLE BAE SC R B35 3 0.95 DL L, i B (KR
5, 4 T B G A  HL S R Logistic fh 28 ) 28
WAL, BHSSRERTRE(E2),

HPTEBOLHE h B Z AR — A Al ¥4
BIAA S F B R R, (R E T AR X

HSRRER S Bl i w RN RES &
Logistic 77 7K A8 9 89 ¢ BOL R BE (LT, ), oI LA%E
R b e B W b b o O R (AR SF,
1985) o LAR I~ BOAE I BE 55 41 S e 4 ik R U B )
SRS, FEOUIRE SR, WRRGE R, R2Z,
EOOEIR R, AR A BB R o AR I 2 Y
IR L LT K %E JLFP & B i FE PR, it €
Pk 38 B 55 89 HE SR KR e BiH M AR R
(-18.65C) > HHEHE (-14.9C) > K EE &
(-14.93C) >HAEHE( -11.74C) (F2),

R2 AMEBEEATRETHENESEQBFBMEHEEE LT,

Table 2 Logistic equation of the relative electric conductivity of Carex and the semi-lethal temperature during cold stress

S EVEpE & HIELRFE(C)
Species Logistic equation R? L1
BB ¥=103.569/(1 +18.002 " 13 %) 0.988* ~18.65
HHRER y=91.893 /(1 +13.586 "7 *) 0.993 " -14.99
KGR y=95.002/(1 +12.094 ¢* 167 %) 0.995 ** -14.93
SEE=T y=91.752 /(1 +6. 780 '8 %) 0.992°* ~11.74

o« F e o PHIFRILAEE R AR B sk B E K.

Note: * and * #* indicate the significance of rata level of 0. 05 and 0. 01, respectively.

2.3 RRBEHSWEME

TR EV URAL B S , ARARTE J10k55, D) DU 200 ik
JE56: BE A5 b FH A FH () Bkl )y , 80/ N B A RO, i
FEMEERST, B3R, & -10CHRRLHE, £
BRI RS BN, BN EORE . BME
BMPNBIRKK A P ER(14.5%) < BFH
B (3L5%) < HHHFE(343%) <fKEH R
(38.5% ), BMRAMFEMABIHKK N HFHrHER >
HAA R > HRER > [REHE,

200 ¢
m - 0°CABE FRIPRIIR R TE S
O H PRI RTE S
& 4? &é’ @?
$§ & N Q

B3 KEALET TTC EMERREFNNOEN
Fig. 3 The change of root activity under low temperature

treatment using TTC method

2.4 ATRIRAEEH EMAHEXERIERNHEN
2.4.1  fIKIR e XF Y A R AR R

HE 4 ATLUE W, EMRIRMGETEEN, 4 FE R
f9mE - MDA 55 B TR BE (9 R 2 258 B THE FREY
e, (AR E T I MDA & 2 ik 5 W05 /9 e
BER AR, LT BRI M B ME SRS R
FHTE —20°C f ik B o s 0, & 533 & 24. 87nmol -
g~ FW f131.66nmol - g~' FW, LT, %K% &
16 - 15°C iR B i 3, Hy 38.82nmol - g™' FW, LT,
BREMEAEREE -5CrAFIE&, 4 4. 04nmol -
g 'FW(E4), 0 ~ - ISCIRR M A E N, B
HER, FRERMMEE SN R hE S RK
R, MASEEH PN _ESRERAEES
THAS MER; ££-20 ~ -25CREMET, 4 F
BEMAPRH _EERELRENEZR. BT,
LT { A4 & 552 AR Tk Fifp 36 /5 B A oo ALK AR, T
LT, 5 i & B A o A K P8
2.4.2 TR T I 25 A AR A R FX e

mEIATUEY, EARKRLREGT, &0
BHEAFEESMEARSBEYS T RAE TR SR, R
FEENSEHKIENREER ., BB
MER S REZEMNNEE; MERERE, AFS
BOARES E A s i R & Bk E 2 gk,
HAMRITE —=20°C . —5%C il - 15°C B 34 B el , 7 B8
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B URR & 3 5 k19, 10pg - g7' FW, 22.39pg - g
FW f117. 44pg - g7' FW, [F—{KBELAH T, KEE

FRERERSENERENER,
60
—e— IR
50 —s— EEEE
é —— FRER
= 40 —— S
P
5
g_ 30 1
ﬂ 20
<
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0 |
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IREE/C

4 AE{RIBAETHEHEZE(MDA) REMNETL
Fig. 4 The change of malondialdehyde (MDA) content

under low temperature treatments

2.4.3 KiRMHEXS AT VEE B & B AR

B IR 0 S BT IR, 4 ol 0 ] P R
HE RSk E R, Bestmt &5, K&
HFERAE - 20C i Al PR A & & Wik Bl oK (E,
4y 51K 10.66mg - g FW, 12.44mg - ¢ ' FW #l
18.92mg - g 'FW, Zr5IJE%THR A 2. 08 £iF . 1.79 fi5 #0
1.06 fi%; HLEE A - 15C AT, K 13.98mg

- g 'FW, RS N AR TR, X4 FhE AR EEE
HERHTEZEIE, 4RER. ERRKERTHE
MHERMAEEEASEY B EMTHM3 &R,
MEFMERNAFEEASRNEES THAERERY
EMEEER(E3).
2.4.4 IR 8 X AT A MEORE B e

HEM AP SRR EER1E BT
foaH, (B4 FEREEARRKR T AEHEES &
AR, HWKIEEOAR, EHERKRT, FRERE
FAEHE SR B E S THAM 3 FERE, 7 -10C
BF, P I 5 RO R ) T R I
K, 5010 1.34% f10.76% ; HHE M E 5
SHAIAE - 15CH - STH IR R K, 2 5lk% 1.22%
F0.90% (#£3) .
2.4.5 {KiRMEARM - SOD fEHERAE1E

ERRR R, 4 FE R SOD iE A E 2k
EARETREMES, (FRFEEEn REARR, AE
5ATLAE H, Bt & FAE 0°C if SOD i 1 e i Ay
322.52U - g7', )5 SOD iF MR T FE, 248 B
T -10CHf, SOD HHEREE TRENESR. FREE
MK B E B/ - SC B SOD (&M & &, 4 55k 3
306. 15 f1296. 14U - g', HLF S ELE - 25C it
i SOD JEHER AR FREMBEE, MEEEEERT
—-20°CHf SOD {2 B TR, HF & RLE - 15CHf
SOD iV, k%) 267.42U0 - g7

®3 FRARELET 4 HEEHRAFERER, TaEEANTEIERESENTL

Table 3 Changes of proline, soluble protein and soluble sugar in the leaves of Carex under low temperature treatments

EE(C) Fik zmm;a@ iri’iﬂi—%ﬂ AL
Temperature Species (ng g™ FW) (g~ g ~FW) (%)
Proline Soluble protein soluble sugar
Pestnt B H 11.35+0.92 b 4.87 +0.18 d 0.81+0.03 ¢
Fags 8.44 +0.82 ¢ 10.59 £0.27 b 1.31 £0.06 a
v B 11.62+0.74 b 7.07 £0. 14 ¢ 0.78 +0.04 d
[SEEY 16.69 £1.02 a 17.48 £0.57 a 1.00 £0.08 b
Peetnd g 17.72 £0.39 b 6.71+0.18 d 1.46 £0.06 ¢
. W 11.70 £0.79 ¢ 9.58 +0. 67 ¢ 1.99+0.02 a
fEEEE 10.20 £0.39 d 12.54 +0.79 b 1.35+0.05 d
S Py 22.39 +0.60 a 18.32+0.32 a 1.90 +0.02 ab
PLEFRE R 18.49 +0.94 b 7.93£0.90 d 2.80+0.06 a
_10C HREE 14.73 +1.17 ¢ 10. 16 £0.29 ¢ 2.3220.07 b
fligo 2y 14.68 +0.70 ¢ 13.24 +1.06 b 2.11+0.08 ¢
[EEIF 21.79 £0.61 a 16.56 +0.98 a 2.08 £0.03 ¢
Pt B A 18.43 +0.70 a 6.16 +0.24 ¢ 2.89+0.01 b
G HHEH 14.34 +0.32 ¢ 13.98 +0.32 a 3.54+0.04 a
g3 17.44 £0.69 b 8.37+0.37 b 2.46£0.02 ¢
SEiF=d-1 19.76 +1. 12 a 13.42+0.51 a 2.31+0.03 ¢




6 TR IR
(%)
HE(T) Hiok mam;ﬁ@ ﬂiﬁﬁﬁ%ﬁ Al A
Temperatinre Species (pg-g™ FW) (mg-g " FW) (%)

Proline Soluble protein Soluble sugar
bt 18.05 +0.24 b 10. 66 +0. 68 ¢ 3.12£0.04 b
5 s 19.10 0. 66 a 11.52 0. 76 he 3.88+0.00 a
>33 14.98 +0.67 ¢ 12.44 £0.70 b 3.01 £0. 06 be
F R 18.41 +0. 54 ab 18.92 £0.17 a 2.76 £0.08 ¢
Peernp e 20.88 +0.48 a 7.19 £0.41 d 3.35+0.02 ¢
T e 17.61 £1.00 b 9.87 +0.36 ¢ 3.97+0.08 a
s F=3-1 12.23 +0.88 ¢ 6.89+0.54 b 3.39+0.06 b
FIgiE B 18.20£0.84 b 11.78 +0.33 a 3.09+0.04 d

T - 2 (W) 51 20l Jo A AR [R] B)/IN 5 B 3R AR ) R 7 (R — IR R AL B R 7 5% kP B2 5 B3

Note: The data in the same column with different small letters represent different varieties under the same low temperature processing significant

difference at 5% level.
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Fig. 5 The change of SOD activity under low

temperature treatments
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