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Abstract

The adaptation of young age to low temperature in winter in Beijing is a problem in the cultivation
of Aesculus chinensis Bunge naturally grown in Qinling region of China. The experimental mate-
rials is 1-year-old seedling of Aesculus chinensis in Hanzhong, Shaanxi Province by artificial simu-
lation of temperature control environment treatment test, the annual dormant shoots of Aesculus
chinensis was used to measure its physiological response to low temperatures from 0 to -20°C us-
ing eight indices such as soluble protein, etc. The aim is to provide reference for the establishment
of winter cold prevention measures for Aesculus chinensis seedlings in Beijing. The results are
shown that under low temperature stress, the regression equation of relative conductivity of Aes-
1

1+42.093¢ %
ing of Aesculus chinensisis LTso = -25.46°C, the relative conductivity and malonaldehyde increased
with the decrease of temperature, and the content of soluble sugar, soluble protein and proline in
osmotic regulation system increased with the decrease of temperature, and the content of proline
increased up to 63.87%. The superoxide dismutase, catalase and peroxidase in protective enzyme
system played a certain role at temperatures ranging from -15°C to 0°C, and at low temperatures
below -5°C there are changes in activity weakening or even deactivation, in which the activity of
superoxide dismutase did not change significantly within -5°C, catalase and peroxidase did not
change significantly within -10°C. It is concluded that the low temperature environment in win-
ter in Beijing area has a certain influence on the annual seedlings of Aesculus chinensis in the
native Qinling area and winter seedling outdoor overwintering needs to take cold prevention
measures.

culus chinensis Bunge was y = ; low temperature semi-lethal temperature of seedl-
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1. 5|8

T DU R YRS AR A B A5 2R, B AR E[ 1], DUSETEIE N 1 RGE 53R 5T 10 A AL At
YA S B0 2 BRI [2]. MR TER A, Tﬁ%ﬁ%#ﬁ%E@éﬁiﬂ@ﬂ%*ﬂ?ﬁLiﬁ*ﬁﬁﬁiﬁH‘Jé‘%&ﬁkfﬁf'%é}i
R P55 A B B R B3] [4] [5] [6]. MEAALT-B 53RN, B S REilE Ry B R LRI IE T R E
DRAERF A0 I N VDS ORI -7, AT 3 B B T 5 o i e ek 0 A B S AR 30 25 ’}Z%%&HME%E‘J
PUER/NT] (8] HAT, FERIGFIRENE— B E I T A B AR bR, WSR2 ) B s i AN A 2y
T DB G IENERE K HEAT DN 7 SR TE . BReILAE (91 F TU B2 A 4l OCTEEYEHJJLNEINI'ETJ MEE
H%ﬁﬁ%*#iﬂﬂiiﬁ%ﬁ, RILO°CRETE 2 d AT - 0 e T S A e (et [R5 s, HL Al B 7 2 A
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AL, R RN o AR ER S A1 R IPUIEPE R S 5 R A R S R I E R R, A
PUIENE MR LEARIR A8 T R BB LR A Pl 22 5

L (desculus chinensis Bunge) e FL A 5 Z A BN E O AR SEAL IS Tl LRIR A3 T3 B IR 4R
700 m DAL 12]0 JTAESR, GHHREAE DL T AR SR A TR ) SRR S N, HR T R T A RRAK,
RRAE TR T I R A, R TR S ATY A BERE , DRI A DG G A R 3 R ATL B (R 9T 9 4152 38 5
H TGRS P IE T 5T E 28 TR e AR R L b, An g 451318 LGB A1 Sh R 4l 1 4F AR
BRNMEL, SARIRAHRIG, MIE R AN S5/ KIS IESR, THE R SRR ESURE, 4
RFH LK PIIERE M 5E . FEHE[ 1415 LU 7L 1 BRI ZLTE B (desculus pavia) | A2 5E
AEPIFEM:, R L PTRE MR L A o o SR B 15 I W e AR T HAJE AN LR 52 [
C S A B AR B AR bR, R I E IR S B 5 AN B SR AR, VORI N E HAREAN, 1L
PR [ R e

MEER I, FEALTTHLIX 51 R ER - R A AR T E e R AR | ARk B R TIRIT B
REFEATAGIR T AR BRI S, B 7045 G AE AL U M X 5] 3 B Beva S b X Lt iy, e B 1 AFAE 2GR
ARAE S5 A PRE, AR b 5 A& R o (IR A B i B IR Wl s il A B 46 2F, Ml e Hom S AN i, 4
AN 8 MEFIRR, AT HAL R, AL PUIE S THLEE . HrIE S Pk £5 SAE Ab 5T 1 X85 |
JE R[] FE TR T SR L B AR

2. HREFH*
2.1. #%

I AR B B . U 1 AR B HHROL R SCAEBOR, FEBEAAI T KRR, #oA
T E(57.78 £ 5.50) cm, “FHIHA2(16.00 £ 1.08) mm. FEAE /> B T-A0 15 BR7AR TS, W B,

2.2. [RiRALTE

BIERE 5 MKFN 0T (), —5C. —10C. —15°C, —20°C, FFANKEEREL 15 Hi k%%, EE 4 K.

2017 4 2 A RBATROA RS, BUMEAERGE T, FEEAE 0.5~0.8 cm, BYAL 10~20 em KMIEEL, H
TR AN G A AT WML EE . A S FVE /K R4 5 T 0 B oK P s BRI K o Ja, AT e 75 iy
M, ERIEE LT IR EEE, TN SCUKFAIRAERT (5], EMRIRACBERT, KB RB sk FIR AR T
BT AR VKA AT R e Ab BRSO 4°C/h, BRI TS IR G 46 24 h, Z J5 LA 4°C
/h T B R 2 4°C .

2.3. $EHRAIE

T AU MR 2 o B T I A B S R P A BRIy AL B A B R FH R
W5 PUME(NBT)YZ: ; AH A H S 26 F B A [ 161 TH B & K ) Adriano HIRRAR B2 b 2 % B 00 2 [ 1715
it 2R B R FH R B = RV [16]: WA T 1 R P R LL e s st B & R 2% S M
SIS YA E[18].
BB N E AR FE XS -G A S (s R0, TEACIRIR B AR EF 24 h JEELH, FRRRVR SR
B A BT /N B 52 f S 2R, R logistic [ A& #i 2R 7 FE[19],
k

l+ae™

(1.3.1)
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y——HIX L T

——RE,

k—— XS REAIE, N 1.

a, b—FESHL

KABOLEER, X LR =S8, 4R 0, KPR, hH1E:

LT, :mTa (1.3.2)

SRl B2 B D - W 0y e~ BRI
2.4. BUEALE

K F SPSS24.0 #EAT S iR AN Z 04, Hr AR B S Sl S ESZ B b AT =i, EREE
K SPSS24.0 H T Z A T TR ISP < 0.05), £ B BRI B K &2k, FIH Origing.0 #f
ITRG 2 H.,

3. ZRE S
3.1. {RiEMNEX 4 RRERE M AR

3.1.1. RIEAMEST R S350 K+ B IiR i E

(ERR IS LA (O A0 B P A S S 52, DABSCHL IR R I 3R, SIS i R SO S i [19] R
JRETANE, SHERELN AN EE S AR, SR BT R Rec) . RIRMHAT, HYIBENSMEE
HIEHKR, H Ree ZAUBUR, UEHTHYIROMT FEMhBZE. I 1 AT, B IR L AOREAR, B4 Rec
B ETHES: 0°C~—5C ETHBON TS, ZRAREWP <0.05), RYI-GHRAEZR 6 A SRR
Bub: A BN 2R BT, EREE.
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Figure 1. The changes in Elative Conductivity of Aesculus chinensis Bunge under
low temperature treatments
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R BT (LTso) 2 B R BHE I FEVE bR 2 —, JHEBAR, ST YIRIHTIE VR . i
XA DB AR T R TS, 753 logistic TRERI A ZHU LTso. MURE() N BARR, UIAXTH S

() AL, ) B AR B R R e
1+2.093¢™

HIRERT 2546 CIy, LA HI 32 2R 05 3R AT KR

3.1.2. {KIBAMEX A BRI

P (MDA IR 2 TR i A =2, e i gs e bn e —, HEE
AR SRR —FE. HE 2 /A, BEEREMRK, B4 MDA & &% n. £ 0~5C
AM-10C~15CH, MDA BB NP, ZFBALEFZEP<0.05); —5C~10CH-15C~-20CH, Sl
FF, HEREEP <0.05). fE-10CH-20CAI T, MDA EESUEMN, RIHE-S5CT~—10CHIEE
EEP, YIEITIAZRAE, —15C~20C2H, 423 ™HInE,

,R?=0.996, LTs, = -25.46C.
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Figure 2. The changes in malondialdehyde contents of Aesculus chinensis Bunge under low
temperature treatments

& 2. REEX-E/R MDA & /%00

3.2. [RIEMHEXRIPEEERIR I

3.2.1. {KiEHEXHBE AR LESE MR R

ICEME T, EWOARRERG R AN, 27 RN S EYR, Y5 R RGOk
1R S, A AL B (SOD) AT LATE B ik S A0 74, T io 438 o HL v M SR SRR IR [20] o F 1] 3 W] 0,
G4 SOD I M BE IR B AR IZM L TF. 0°C~5CHRI-15"C~—20°C [, HiGMEZERARE, WER
KE-10C, HIEMEEFEEI, B-5CHIMN 67.3%.

3.2.2. {RiRAMEX T &L ESE RN
T E A (POD) MR RG IR 2 —, WA ALFLE 5 H B %M E[21]. MR B
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Sysett B R, ARBFRAGFEE S, HprsErtilsg, # poD MMl EREE . & 4 al%, [CIEME T,
LH-F 4T POD JEHEH N 0°C~—10°C Z [a S, mEEREE, —10CHRIVEER ST BRI T
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Figure 3. The changes in SOD activities of Aesculus chinensis Bunge under low tempera-
ture treatments
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Figure 4. The changes in POD activities of Aesculus chinensis Bunge under low tempera-
ture treatments
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3.2.3. {RiRMMERE KA SEEEEN I

HE A B (CAT) & IR R4 ) A e —, 385 SOD Ml POD Wh[FfEH, o= 1l 4
s HE S arEn, AREMNE TG4 CAT EMER RN ZE R B . ERZTFE, CAT EHE
Je LFHE RREREa S, E-15CRIEFIE(E(11.89 Ulg), BXtIRAIINN 186.51%. WIEMT—15°CH, Hik
HERARE, VRS EERGE— T R E N R R EER, KT ZEE, R ERarER

2 AR
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Figure 5. The changes in CAT activities of Aesculus chinensis Bunge under low temperature
treatments

5. (BB IT-EMHE CAT SEEEN

3.3. {RiEAE > 4EREEE BT R R

3.3.1. (RiEMBEXAEEE R

RIS, AlEMEE A (Sp) & &M, Rk PR NG, A EARE) R R, 2
TR AE G I EEY R [22]. HIE 6 FrAn, BEEEERRC, LWL Sp SR20 L%, 1
=5 C~—15CH_ETHaRA TS, ZRAEF, £ 0°C~—5CHM-15CT~20C2lal25#E ET, —20°CHHAlat
FEREF ., FYERECT-15CHR Sp 858 -Lm- I Hi5E /.

3.3.2. (RiEMMEX AR SRR M

RIR AT, AT VERE(Ss) & RN 2 e m g A2 & o, WEM AR BI R EI[23]. dl&l 7 /]
B, BT Ss & R IR RN EbES . REA-20°CR, 5HABA R R BE, BB
AN 52.71%. HAME AP (W25 AN R .

3.3.3. {KiEpMB X SERRR M
T I R (Pro) & B N & PRI BB S, M it i B S HigEdE[24] [25]. & 8 al 4,
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Figure 6. The changes in soluble protein contents of Aesculus chinensis Bunge under
low temperature treatments
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Figure 7. The changes in soluble sugar contents of Aesculus chinensis Bunge under low
temperature treatments
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Figure 8. The changes in proline contents of Aesculus chinensis Bunge under low temper-
ature treatments

[ 8. {KiEAMEXT LI Pro & 2N

4. TR E%iL

IR R, B 2e 2450005 A I S0 B[ 26] [27] [28] AR o) 24 Ffa JI85 i) s i ot 2P/ Y, B
IR RS, (AR NS, BSRETHE29]-[34]. - RE(MDAMWE ARG EAL I R &=, Hpr
IS N B LR S, B, RS R STI[35] [36] [37]. A
WA R, -G 4l i AR 2 BUOAE G (L Ts0) N —25.46°C ;. Hi v S 3 FITH 1 2 B Hy B 5 A T3 32 1) e
RGNS T, Ud B 20 B 1E 7 52 3005 5 ELAR A5 e, R PR B -25.46°C I, LA 4 21 2 3k
SEUKSCR AR, SEURFERA, MEVPIBGTCERE . X 5/0ELH[38]. FAL39]5F AT 5L A AH
(PR

VAR A, PIVAVERE, RSN EENBE YR RERIE T, BERTYR 4R
Y1 P A O BT AT, R RIS B T RE J1[40]. AWF TR I, ARIRTR, B4l i o AT v R
FI(Sp)~ RV MR (Ss) A 0 B2 (Pro) (17 52 Bl A5 R B2 1) PO M e o SZAIIR PRSI, Sp A Ss B &3
I, 0 B E YA I G AR &)y AT LA 0 20 B R B BRI UK e, P AR R B R AR A, AR
Y6 BORTBR KA A DA P, & R BRES, M4 AR R IR IR B A 26 [41] [42]0 ik PRl
1% 2 S SR AE D U FE MR (V) B BN R 2 [42] . R I8 I 38 iz B8 1) Pro &5 B R B AIIS I3 AR R 1) 25 R 45
IR Z 055, $REPisErE, BRRHE R ER[43]. SiAETBAM25]. B R 2K 32515
AR BIAHALE R

R3PS AL AL BE(SOD), i AL SR (CAT) AT i AL W i (POD) AL Rt S8 AL I 180 5 45 v )
e A IR A SR [44] . RIS NG SRR ER R, TS A SIER I, SOD mlRE & A Bk
UL E A EFIE R, CAT 1 POD WirE# IS Ffb S KNS, g gt . AR, t
RS0 P 1) 3 o R AP BTG M 7R A BRI AR I B THEa % . SEITE 0°C~15°C R¥E— 2 M{EMH; SOD
FE-5CLUL, HaF e 535381k POD A1 CAT #E—10°C LA JC B35 384k » 25 4835 W AT W ARk #a 3h
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