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AR LT R IR ER T T 2500 MDA 2 i RV H 0 U b S T i AR Al R e VA M Y
LT —FE—T17 B AAL RS, SOD I PEHEA 5L Th—FE—Th— YA A%, T POD I P 12 5 b TR IR 5 3
AR AR H s 3 IR IR & A A —E 25 5, Horb H O =R &5 B i L T T 5 0 I R
eIt E ke, ZARREIRIG TR 2 0F T 2 AR B SRl 6 U4 BSR4 5 08 AL COR BEAT IR IR BB R ) A —
ZE5E Hop Rl RIMIZLIE H R 25/ MDA 5 5 IR H S R AR A ) 4 ~ 10 h 249 58 251 T %0 BRAL, A < i
JERETR T ZERHDGS AL S R AE AR A ) 2 ~ 8 h AR T X0 IR {HLHE MDA &5 5 U 55 %00 B 410 e 35 22 5752
st L S5 R R 5 R AT AR R AR S T X IR T A B9 SOD R MR AN POD i Rt SR B T
XHEAL, ZREHTAS R R AR M AT B TR ARt P 300 X A8 M R SR AR SR 5 I AR B 2 I R )
FRE St e PR ARG 1, 7 — e R R T Ar AE DT IENE: SRR RO AR R IIZLSE BUSENE BB iR R
Tah b TR

SR T IR, DUEME; BORSE: BT b AUL L

hESES . 945.78; S682.32 XEARER . A XEHS: 1674-7895(2015)04-0076-07

DOI: 10.3969/j. issn. 1674-7895.2015.04. 10

Difference analysis on physiological responses of different cultivars of Nelumbo nucifera to low
temperature stress after cold acclimation LI Xin, JIANG Jun, XU Jun, LI Jinghui, JIANG

Hongweiq’ (Suzhou Academy of Agricultural Sciences, Suzhou 215155, China), J. Plant Resour. &
Environ., 2015, 24(4) . 76-82

Abstract; Taking cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. as
experimental materials, and taking MDA content, relative electrical conductivity, contents of proline and
soluble sugar, and activities of SOD and POD as indexes, after cold acclimation at 5 °C for 10 h,
difference in physiological response of rhizome of two cultivars to low temperature stress at 0 C for 0, 2,
4,6, 8 and 10 h was analyzed, and effect of cold acclimation on cold resistance of two cultivars was
compared. The results show that under low temperature stress, MDA content and relative electrical
conductivity of thizome of cultivar ‘ Taithu Honglian’ and ‘ Hetang Qingshen’ after cold acclimation
totally appear gradually increasing trend with prolonging of low temperature time (0—10 h) , their soluble
sugar contents appear the “increasing—decreasing—increasing” trend, SOD activities basically appear the
“Increasing— decreasing —increasing —decreasing” trend, while POD activities appear the trend of firstly
increasing and then slightly fluctuating; there is a certain difference in change trend of proline content of
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two cultivars, in which, proline content of cultivar ‘ Taihu Honglian’ increases gradually, while that of
cultivar ‘ Hetang Qingshen’ increases firstly and then decreases. After cold acclimation, there is a
certain difference in six physiological indexes of two N. nucifera cultivars under low temperature stress
with those of the control group (without cold acclimation), in which, both MDA content and relative
electrical conductivity of thizome of cultivar ‘ Taihu Honglian’ under low temperature stress for 4—10 h
are significantly lower than those of the control group, relative electrical conductivity of rhizome of
cultivar ‘ Hetang Qingshen’ under low temperature stress for 2—8 h is significantly lower than that of the
control group and its MDA content has no significant difference with that of the control group; contents of
proline and soluble sugar in rhizome of two cultivars are totally significantly higher than those of the
control group, and their SOD and POD activities are totally higher than those of the control group. The
comprehensive result shows that cold acclimation is benefit to relieve damage to membrane system of
rhizome of N. nucifera, increase osmoregulation substance content and enhance antioxidant enzyme
activity, therefore, cold resistance of N. nucifera can be enhanced at a certain degree. And increasing
range of cold resistance of cultivar ‘ Taihu Honglian’ is higher than that of cultivar ‘ Hetang Qingshen’
after cold acclimation.

Key words: Nelumbo nucifera Gaerin.; cold resistance; membrane system;

osmoregulation substance; antioxidant enzyme activity

cold acclimation;
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*1 ZEBHEHBERBMESEETEERF KPLE M HEERE T =R MDA ST (X+SD) "

Table 1 Change of MDA content in rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. under low

temperature stress after cold acclimation (X+SD)"!)

T Ak TR N[ e st (] 3R 259 MDA 58 /nmol - g=' MDA content in rhizome at different stress times

Cultivar and treatment®’ 0h 2h 4 h 6h 8 h 10 h
TH-CK 4.74+0.24cB 5.92+0.37bA 7.04+0.23abA 7.35+0.20aA 7.57+0.56aA 7.81+0.29aA
TH-T 5.84+0.32bA 5.97+0.31bA 5.56+0.50bB 6.21+0.23abB 6.45+0.77abB 6.92+0.33aB
HQ-CK 4.56+0.21dB 6.38+0. 88cA 7.16+0.97bcA 7.61x0.26abA 8.25+0.28abA 8.54+0.64aA
HQ-T 5.57+0.07dA 6.00+0.46cdA 6.33+0.28bcdAB  6.81+1.11abcAB  7.40+0.43abAB  7.86+0.47aA

D FLrp BN 3 W B P44 Datums in this table are the average of three replications. [F]f7H A A [)/NG FEFIR 22 5 2 3 (P<0.05) Different
small letters in the same row indicate the significant difference ( P<0.05) ; [&] %) Hr AN [ E@ﬁ%?ﬂﬁ%g%jﬁ%( P<0.05) Different capitals in

the same column indicate the significant difference (P<0.05).

DTH, fHFf KL’ Cultivar ¢ Taihu Honglian’ ; HQ: i 5% Cultivar ¢ Hetang Qingshen’ ; CK: XM, RS ATIRIR B MR The control ,
without cold acclimation; T: 5 CAKIR4E4% 10 h Cold acclimation at 5 °C for 10 h.

*®2 ZREHFEEEREDESFTEHESMN KPLE M FEER wTERENESEHTN (X2SD)Y

Table 2 Change of relative electrical conductivity of rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn.

under low temperature stress after cold acclimation (X+SD)"V

A A AL )

Cultivar and treatment?

)

NGB LR b N U ERO R )

Relative electrical conductivity of rhizome at different stress times

0h

2h

4h

6 h

8h

10 h

TH-CK 18.36+1.05fB 24.62+0.70eB
TH-T 18.44+0.50eB 20.14+1.09dC
HQ-CK 20.84+0.55fA 26.87+0.49eA
HQ-T 22.37+1.20eA 23.58+1.51eB

29.56+0.50dB
19.55+0.26dD

31.33+0.81dA
28.39+0.50dC

36.03+0.99cA
28.77+0.58cC

38.28+1.69cA
32.01+1.15¢B

40.23+1.08bAB
31.53+0.48bC

40.75+1.65bA
38.24+0.90bB

42.88+0.72aA
35.97+0.98aB

44.75+1.23aA
43.04x1. 64aA

U 2 rp ol 0 3 WEE B9 F44{H Datums in this table are the average of three replications. @47 H AT E(J/J\E'?i'%ﬂ?}i‘%jﬁ%( P<0.05) Different
small letters in the same row indicate the significant difference (P<0.05) ; [a] 3 Hp A [ B KRS F b FRoR 25 55 . 3 ( P<0. 05 ) Different capitals in

the same column indicate the significant difference (P<0.05).

DTH; §hFP ¢ KL Cultivar * Taihu Honglian”’ ;

HQ: ShAP B ER Cultivar Hetang Qingshen’ ; CK: papilsl ,ﬂiﬁ?ﬁ‘{fﬁﬂﬁﬁﬁ The control ,

without cold acclimation; T: F 5 CAKIRHE 10 h Cold acclimation at 5 °C for 10 h.
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®3 ZMEBEBEREMESAHTEERAR KPLE M FEER W TEFHEBRSSHNTL (XSD)Y
Table 3 Change of proline content in rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. under low
temperature stress after cold acclimation (X+SD)!)

bR HE

Cultivar and treatment?

)

N IR 3  T 3  25 T R e/ g - g

Proline content in rhizome at different stress times

0h

2h

4h

6 h

8h

10 h

TH-CK 34.60+1.92¢C 52.11+0.93bC
TH-T 56.67+3. 14eA 63.34x1.15dA
HQ-CK 26.87x1.02eD 40.91+1.61¢cD
HQ-T 46.73+1.74cB 59.10+2.58bB

57.76+1.64aC
67.56=1.24cA

56.54+2.52aC
63.21+0.06aB

57.11+0.77aC
73.10+0.96bA

57.52+1.11aC
66.38+2.27aB

51.64+1.80bC
75.93+0.71aA

51.92+0.32bC
57.64+0.94bB

33.39+1.56¢D
77.17+0.31aA

36.23+0.13dC
40.96+1. 14dB

D R Bl Ry 3 Y E Z (9 F- 3418 Datums in this table are the average of three replications. [R]1T HORTE /NG F R R R 22 55 .3 (P<0. 05) Different
small letters in the same row indicate the significant difference ( P<0.05) ; [a] 31 v AN R B KRS FhE R 22 5% . % (P<0. 05 ) Different capitals in

the same column indicate the significant difference ( P<0.05).

2TH., P KIILIE’ Cultivar ¢ Taihu Honglian’ ; HQ: SRR TR Cultivar ¢ Hetang Qingshen’ ; CK: X B R HATC IR The control ,
without cold acclimation; T: T 5 CAKIR#E% 10 h Cold acclimation at 5 °C for 10 h.

F4 ZMEEBBEBEREMESHTEERT  KPLE M FHEER HTERTREESENTR (X25D)Y

Table 4 Change of soluble sugar content in rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. under

low temperature stress after cold acclimation (X+SD)"

S A 32 Z:E]Hj]iﬁ_ﬂﬂ‘lﬂiﬂ?%mﬁhﬁ‘ﬁﬁﬁg/mg . gfl Soluble sugar content in rhizome at different stress times
Cultivar and treatment®’ 0h 2h 4h 6h 8 h 10 h
TH-CK 9.37+1.04dB 11.76+0.24cD 15.89+0.20aD 14.11+0.96bB 13.66+1.17bB 13.62+0.36aC
TH-T 12.77+0. 60dA 15.85+0.43cA 19.22+0.38bA 16.83+0.55¢cA 20.19+0.24aA 20.77+0.36aA
HQ-CK 10.10+0. 64dB 13.06+0.31cC 17.06+0. 68aC 15.88+0. 18bA 13.70+1.06cB 10.88+0.59dD
HQ-T 11.59+0.43dA 14.45+0. 14cB 18.55+0. 18aB 16.33+0.39bA 18.68+1.20aA 18.84+0.26aB

D Ferh Bl R 3 YEE & 9 F-21{A Datums in this table are the average of three replications. [FAT AR EN) NG FREFR IR 4 57 B3 (P<0.05) Different
small letters in the same row indicate the significant difference ( P<0.05) ; [f] % s AR 1) KE FHE F 7R 22 5 i3 (P<0.05) Different capitals in

the same column indicate the significant difference ( P<0.05).

DTH, §hFP¢ KIFILZI3E” Cultivar * Taihu Honglian’ ; HQ: §hF ¢ FIEIEYR’ Cultivar * Hetang Qingshen’ ; CK; X & | REATRIRHR The control,
without cold acclimation; T: F 5 CAKIRHEXI: 10 h Cold acclimation at 5 °C for 10 h.

2.2.1 MRABRAETHEA hE3 AL, FEIKED
TR A A FE (0 ~ 10 h) |, ZARIRAB R 1 b < KB £r
T LT 2RI AR & B R BT A e g T
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IEAEN AL IR 4 b B 38 3] A o 1E 5 IR T B o 20 R X B
AL R TS TS T 250 Il AR B 2 Y R AR
fifp30 B IR] B ZE K (O ~ 10 h) S5 THEn e BRAR A 28 1k
B AIFERa b EL 6 h KB sl B AR R A
—EER,

fRIRMNE 0 ~ 10 h, 2RI BRI 2 ST
SR 2R B i 2 2 i T R L AR IR A
10 h B, SRl RMIZESE R 25 AR & 1 5 0 T
ZE SR (R IR 2. 31 %), T b o © far S 1 T b
TFEER IR R SO XTIRAY 113 fF, 7EXT IR 4]
H ARG 0 ~ 4 h B SRR RO 21 38 T 2R il
SR TR A RIS ARG 6 ~ 10 h A
T H T 25 00 R & 1 IR 105 2 T 28 I I
Se , TEARTR AR fr) 45 B ) B v« R 2T 3% b F 25

PN 2R & B 34 03 1 T A SR IR
2.2.2 TAWREASEHTA mE4L A FEEK
VB I Y ZE K (0 ~ 10 h) |, AR IR BRI 1 2 A1
TE PR 25 0 R M B ) B T —FE—T T 1
AR s TR HRA 2 A b T 25 0 ] o
W 52 5e T E B AR A AR A e 5, HIZEAIRIR W30 4 h
Ah ks B i e (L AR W 308 0 ~ 10 h, 2R R 5B K e
2 AMar A6 SRR 25 0 AT o AR A e A
R TR R SR {RIEM 0 ~8 h
Bl < AL " b 25 00 T MR S B IR T
Pl RS R AR AR P38 10 b B AT 19 v i
o e TR M R ES , RGP0 iy
AN [ ek () B3 A < R 21 345 i 25 A T 5 T A
Byt T A YEE TR .
2.3 ZREBREEERED
SOD & HEF POD iE MR 2L
2555 5 CARIESRA 10 h )5 , 7R IR ME 44 T fi
AEAHRD  RINZLE” A i R bR 257 SOD i

B FEH T TE
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1 POD & PERY ST A W 5 Fik 6,

2.3.1 SOD #&MeyZ i WS v L. MR M
A AYRE R (0 ~ 10 h) , PRI B I 4H OGS BEZH 2 A fir
e 2509 SOD 1% M AR b A A — 5, 1 2
“Tr—RE—F—BE" 1 Bh a3, BRI ME 4 h
B SOD i M dwe i . ARG 0 ~ 10 h, SRR T
an AP RN T AR IE T H R 2519 SOD 1 PRy
XA H AT 5 X R SOD i M Bk T
WS G S H IR SOD % M A AR IR B ia
HHA(2 ~8 h) B2 W, A, TEAR IR R MR 4 A )
HEAHp i Bl ¢ RIIET 3 Mo 2519 SOD i R4 T

AFIR Ak PRZE F i ¢ far BB R

2.3.2 xFPOD EMw T |6 Al . pE KR
JRE BT A ZE R (0 ~ 10 h) , ZIRIR# )G 2 e
AP R 259 POD 3 MR 2 58 TS o i 3 i AR
fhta e T B ZH — i POD 1PN 58 FTHE T
[ B 78 Ak 3 AR IR B 0 ~ 10 h, &R IR ER K 1Y
2 ANTREAE SRR HE R 2214 POD JE PR A b 5 T 0T R4
WU, FEAR IR B R 2H A BR A ) ¢ RIB 21 3% M
2R POD 375 M 359 1 1 A 0z Ak B A ) o ¢ A 3 1R
W BAEARE A 581 (6 ~ 10 h) , —# 1 POD
2T B,

£S5 ZREBEBHEEREMESGTHERR KMPLLE M HEER thTZE+ SOD EEMZTWL (X£SD) Y
Table 5 Change of SOD activity in rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. under low
temperature stress after cold acclimation (X+SD)!)

SOD activity in rhizome at different stress times

b ) N[N0 I L 2569 SOD /U - g7
Cultivar and treatment®’ 0h 2 h 4 h 6 h 8 h 10 h

TH-CK 311.03+£9.93cdAB  346.09+14.52abAB 356.43+17.26aA 319.48+8.09c¢dB 332.33+3.94bcAB 298.16+8.24dA

TH-T 318.36+13.09cA  369.98+20.81abA  382.80+14.99aA 352.94+2.55bA  355.44+18.09bA  305.99x14.72cA
HQ-CK 278.79+20.67bcC  294.45+33.97abC  316.20+12.75aB  251.08+7.30cD 302.15+20.77abB 291.41+2.55abA
HQ-T 288.23+7.35bBC  342.57+25.35aB 362.57+2.47aA  293.90+4.62bC  346.91+10.83aA  305.93+25.56bA

U e rp Bl N 3 WHEE B A9 F44{H Datums in this table are the average of three replications. AT AR /NG FhEFR R 2E T B3 (P<0.05) Different
small letters in the same row indicate the significant difference (P<0.05) ; [a] 3 v AR R B KRS F iR 25 5 1. 3 ( P<0. 05 ) Different capitals in
the same column indicate the significant difference (P<0.05).

DTH, fhfp e Ka3E’ Cultivar ¢ Taihu Honglian’ ; HQ: SRR ST BEE TR Cultivar ¢ Hetang Qingshen’ ;
without cold acclimation; T: F 35 CAKIR#% 10 h Cold acclimation at 5 °C for 10 h.

CK. Xfhd, R IEFTAR IR B The control ,

F6 ZRBBHFEEERBEMEZGETEESM KNPLE 1 HEER TZH POD FEMZTL (X+SD) Y
Table 6 Change of POD activity in rhizome of cultivar ‘ Taihu Honglian’ and ‘ Hetang Qingshen’ of Nelumbo nucifera Gaertn. under low
temperature stress after cold acclimation (X+SD)"!)

S 3 /N [] 3 st ) bR 254 POD 164:/U - g’l - min”"  POD activity in rhizome at different stress times
Cultivar and treatment?’ 0h 2h 4h 6h 8 h 10 h
TH-CK 37.27+0.88¢B 45.22+1.74bA 52.76+1.71aAB 43.75+1.45bC 43.68+1.35bC 43.57+1.49bC
TH-T 39.87+1.95dA 44.88+0.92cA 57.02+1.35bA 61.60+3.27aA 61.78+0.95aA 60.75+0.52aA
HQ-CK 34.66+0.44cC 40.58+1.09bB 46.88+0.92aB 38.44+2.73bD 38.12+1.98bD 38.45+1.09bD
HQ-T 36.21+0.98cBC  44.93+1.37bA 49.62+8.78bAB 56.39+1.13aB 56.63+0.48aB 56.31+3.17aB

D Frp B 3 K B9 444 Datums in this table are the average of three replications. [f]17H A [F] /NG FEEFIR 25 5 2 2 (P<0.05) Different
small letters in the same row indicate the significant difference ( P<0.05) ; [f] 51 H AN [R] () K E FHE 2R 22 7 .35 (P<0. 05) Different capitals in
the same column indicate the significant difference ( P<0.05).

DTH, FP ¢ KL%’ Cultivar ¢ Taihu Honglian’ ; HQ: §hF T Cultivar  Hetang Qingshen’ ;
without cold acclimation; T: F 5 CAKIRHI 10 h Cold acclimation at 5 °C for 10 h.

CK: Xf R, R#EITACREE R The control,

SEACAE TIN50 9815 ) o i) B R A A AL
PR AR, T A AEXHE IR Dp38 7 H: — R 51 B4 A2
HmE R, BEAR I 38 B [A) B SE (0 ~ 10 h) | £ 4E i

TP 20 M 2R SR A I IR A B R0, e RIS R e A R LR 259 MDA 5 4 il
5% AR GE 2 B4 8 KR ] MDA 5 B AAR X B AR fi 3 SV L S i T s R 4, Ul ARG I
PEATITAG T AR 8 PTA faF AE  F ZE M EAR A RN IR A5 B BRI AN S Y IE AR B

3 WAL
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