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Abstract

In this experiment, the Korla Pear plant with strong tree vigor, and normal fruit was used as test
materials to survey the freezing resistance. In leaf stage (May 6, 2013 ), different concentrations of
exogenous GA3 (50, 75, 100 mg/L ) were sprayed once every 20 days, for three times. In the period
of dormancy, the Korla Pear plant branches were collected. And the hardiness index, such as
conductivity, MDA, proline, soluble protein, soluble sugar and starch content were surveyed and
the degree of membership of each composite indicator was evaluated under artificial low tempe-
rature conditions. The results show that: with 100 mg/L GA3 once processed, the average member-
ship is more than 0.7, which is high resistance; the average membership of the treatments of 50
mg/L GA; once, 75 mg/L GA; once, 50 mg/L GA3 twice, 75 mg/L GA; twice, 100 mg/L GA3 twice and
100 mg/L GA3 for three times are all more than 0.4, which are middle resistance; the average
membership of the treatments of both 50 and 75 mg/L GA3 for three times are more than 0.3,
which are lower resistance. This result shows that the best spraying GAz concentration is 100
mg/L, treatment time is once, and it can resist low temperature at -24°C. But to determine the op-
timal spraying time and concentrations of exogenous hormone needs further study.
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HE

DA R IER K ERBFRAHRAREAE, 7ERHIH(201345 A6 H)E—IKBUHEA R EK
#MEGA; (50, 75, 100 mg/L), EMR20RBIME—R, HEBIHE=K. FERRIIEFIE, A TEME
FE TR EEEE. W2, BER. TESREAKR. WESRBEARSD SESHESER, FTHERLE
ERBPIREBEE. AREFEERH: 100 mg/L GA;—RAEKEHREE KR T0.7, AFEHL; 50 mg/L GA;
—WKAbE . 75 mg/L GA;—IKALEE. 50 mg/L GA; —IkAbHE . 75 mg/L GA; kAL HE . 100 mg/L GAz—
WAL, 100 mg/L GA:=RAEK P RBEH KT 0.4, FbUl LAY APH; 50 mg/L GA;=R4AE
. 75 mg/L GA:= R FHFRBELAT0.3, HUXEMEERNEI. THH NN, BEGA:BHE
WEAN100 mg/L, E—IK, REBIHKPI-24 CHKE, BEfEREBHEN MMRERRERH#H—DH
AT

XA
BEREER, AMNEGAs, Bk, HiEk:

1. 518

TEPIHTHE FITT Gf & R A P55 DR 3 538 7 R0 Ak PR SR T RO AH EL P, 5 BORA PR Ak P9 5 P AR i 42 1)
RN A K B 1L R BUTE BRI 32 B ) SR A IR R P R R ISR . A FCAR L], PU3E
BRI RIE R RS H =Y, S PIRE  EEAEE .

775 3 (GA) & — MK IS BBV KGR, TERYREANE M E IR e bt 5 | B R ER . B
WE Y R BA S G, BiXSE EER GA MU ST IEIEE (2], 1 B fehs meE
TP &N KR B I B3] GA A& B P AN S HUFE M SR 2 - — BN NP e SR I AE D) GAs
ERRT PR BN GAs & & FREREMHIZE K, JEmPIsEME[4]. GA 1 1AA A KIS,
S AE KK E EERRIER, WA N — BT ZRRR AR B LRSS A R EFFEE[5] .

HELA) PR T 2 T AL ) 70 T PR s ) 7 T IR P M S LU L2 o ML IR W VR TR (ABA) A IR 87 3
(GAG) IAEAE FH E i 2 W58 AIN[6]. ZAERMTET, FYIPTE 175 S A2 b VRIS (K P8 FH Ak
PSR v, M B B2 A A (BT 0 AT IR SE[ 7]« 38 BRI 1) GA; 1] LLBRAIK O A& il % . MDA
i, WINMER. ENEAREE, ERATANEE8], REE/NL) i POD. CAT. SOD ik
PE, BRACTBLEYE, M T FNYH M E 915, JNE GAs thr] LR35 BRI 1P FE 11[10], Rik4s
WIEA/NE[1L]. EFE[12]. AHAG[L3] 5 MY IS RS,

VTR SRAE R A 7= B A AN R IR M R s i AR KR E . Hes R Bf. R T smt
FRRW I Z . BT LUE BIAME R B TR F It 7kt . H AT AMNRIEER N TE AT 7 L %
FEEAE[14] MEBE[15]. RZME[16]. SESR[17]-[19]. ZL4[20] [21)5 M A FEThRE . R4 e 0 )
(RN T T, AF[22]-[241E DI R TT, AP, RS0 e [25]-[27]55 07 A T 2.

FEJR BT E MEN 90 FEARLLK, AFRA T ZIRKIEHEINGRE, AR 3~4 F—8, HHECHAE
R R R RIS — KBRS o AW e 0T LA BAR P TR i, R R AR N EH W, R
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SRR BE 2R (GAs) R R R B A AL L R i

T 340 %6F 7 AR P T 15 it AN ) 94 P AS R VB AR 7R B 25 (G AS) o FRPEARAIRIIR: 26 B0, 456 N AR IR e
ZeMF I A RPUIESR AR, ARV R IS 7R B 36 B R DA AL PUIE MR R . B RN R B IX )
T A, R M e R ER A

2. MRER*®

2.1. ¥R ETHEALLTE

AARIGAE B R BT FLARE £ HEAT o IR B A U 1 15 R AR 1 % R Sh A AL S el o Tl /N RO 340 St
— B 1) 30 ARA ZLRAA 2 ARG R o ARG BT FH AR 7 B 2% (GAg) /22 35 [ Sanland Chemical Co, LTD 477,
4l KT 96%.

2013 4 5 H 6 H 3 — X[ /R 5 3R (GA), ALBIKRE . 50 mg/L\ 75 mg/L. 100 mg/L, i A
Arn As Ag: BB 20 KRG T IRBHERI FIR Y GAs, iKN Biy B, B [ 20 KJ5 55 =ikWtit, icN
Civ Cov Cao L O MAbHE, FEASKAEIESIEHY 3 M B R RS, 3t 27 ﬁ%m xﬂ”wiﬂﬁ*ﬁ@«mk, it A CK,
[EREEEL 3 #RA BB . HAh B A — 3.

2.2. IRIRALIE

2013 4£ 12 B 30 HEUEE, &0 5535 BOR et 70 BBl A Aot . RHgnEy &) — 80— AR 4. BUAl g —
SRR AR SE G K B, BRI ZREK R, BEIE TS, R 5 DA TREAIEE, B b %
Yo 5 AT SESR . VR A B E AL, BOMRIRA AT N TARE M8 A . b PR 5
—20°C, —22°C, —24°C, —26°C, XHGHEEN 4°C, MAMEEAE 12 h DL, AEER)E, £ 4°C %
30 min, ARJEHF S H T PLIEs A B AR AR .

2.3. $5FRMIE

JE 1 >R FH 3l 5 , T S (MDA & & 1 52 SR AR AR B2 LE Z FR (TBA) LN 22 , U 28 Ml 2 R &5
e RHB T =M, EtEEaR S %H’J@U%mﬁﬁ%%ﬁﬁzﬁcszso yufhyk, Tzﬁrﬁﬁﬂm*ﬁ
[ I K F R

2.4. FURMEEMN
PURTELE S VRO F] S R BR LR & & WU AR AT PURE R R [28], LA
( Jmln )/( jmax _ijin) (IE;FH;Q)
Uij = 1_(Xij_ijin)/(xjmax_xjmin) (FAHK)
A Uy R 1 28 j febr IODU e SRR B BB s X 2R 1 R0 J BRI s X min RARPITA 0K | 845
HIRAME s X ma RN FE JIEARMIRORAE; 1RSI A j RoR BTG AR .
FE RSP 15 3 8 EE K U IEE 2> N 5 24[29]: 0.70~1.00 APt (High Resistance, HR), &4 [ 4%; 0.60~0.69

JFi(Resistance, R), & A 114¢; 0.40~0.59 A9 Hi(Mid-dle Resistance, MR), & ~I114¢; 0.30~0.39 A {&Pt
(Lower Resistance, LR), & A~IVZ:; 0~0.29 A Pi(Susceptible, S), & AV %K.

2.5. WiEALHE
S6 K 43 MR B DPS7.05 Si it 40 1 5 Al o

(=)
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3. BREHh
3.1. MR GA; B R FEIgFRAIF I

3.1.1. SNIE GA; X FE/REIE R FERIEM KRN

ANE GAAbHRfE, N TAREAAME R, R b5 b B 7R i 4 AR 4% AR Gt o 5 5 i 2 UL 1) PRAE 7
B, ARG RINE A AT

7 L5 H, S ACFEE S H 2 (A ) 22 S A B T K. N TARIEME T, EREEE-24C
BF, BRT Bo CoAbBEAL, B ALERIARXS B G235 /N T AR CK. C AACBRTE-22°Cy 2l B F, BbJ5 3
0%, NTAREM A E-26°CRE, B Ay AbFRAh, S AbFRAHXS f 3 R A B R A8 hn, 3Lk 4°Cry4En 31%
PL b Co MG Mg E ik, N 56.12%, AgikZ, A 55.38%. XiHE_ETHIEE N 24.05%. AbBEIR ) H
SAAE N TARIR ME I A A —, XU TRIR A B R N I BOE R A T e i AR, & Ak B
ENESVE =3O R NEIR

3.1.2. SNIE GA; LB EE/REIERE K MDA REHF I

A B (MDA B E A I I 2o =, B diiudett, XA spH e, 2 EaR g
RS, NEREEINE GAz (0B, N TARRMHESRMET, Sk b &R REE& SRR %0 MDA & &F4
BEERBER 2T m e BRI Ss,  FARRIIEE HEAN I 51 (56 2).

M2 Pl EH, BRT 24 CIREETN, SACBR LT & A0 B2 (Al 22 e s B 7 35K A &AL
HAE-24°CHf MDA & &iA B & & 1H, ¥ 4°CF B 62%0L |, Hd A abFEIEIR 5 K, 24 95.68%, —24°C
ZIG RN ULEBHIE-24°CIY, A & KCBR 40 R I SRR B B . B 2R C AE-22°CIA Bl iy
B, ¥t 4°CF EJF 52%0h b, Mo Cp bR K, N 107.41%, —22°CZ a8l NI%, —26CHf, C,
AbFE MDA & &K T 60.51%, VLEATE-22°CH, B 415 C 2% b FH ) 4H e i ik A0 R B o e

3.1.3. 5NR GA A IEX EE RE R FHFRME RS BHK N
F R PR N A AL B 18] B R S R R I R T R, ACTHEEETERANEE 3). AFIREESN

Table 1. Effect of branches conductivity from Korla Fragrant Pear under the treatments with different concentrations
of Exogenous GA; (%)

3= 1. SNR GAG ALIB X FE/RENE FUR SR B T R (%)

5 Temperature(C)
AbFH Treatment
4 —20 —22 =24 —26
CK 21.52 abc 21.87 ab 25.75 abc 25.88 ab 26.69 de
A 21.93 ab 22.55ab 24.38d 24.54 be 31l55a
A, 22.63a 22.69a 25.76 abc 25.22 ab 27.20 ef
Az 19.04 cd 16.43 e 24.84 bed 24.05 be 29.59 ab
B: 20.58 ab 21.22 be 24.19d 24.58 abc 28.38 cd
B, 20.35 abcd 20.46 cd 26.88 ab 26.70 ab 27.71 cde
Bs; 18.96 cd 19.96 d 24.73 cd 25.84 abc 28.09 cd
C; 19.24 abc 19.88 cd 24.00d 24.62 abc 25.22 f
C, 18.07d 18.22¢e 28.01a 28.18 a 28.21 bc
Cs 18.88 bed 18.89d 23.22d 23.63¢c 26.59 ef

e F AR E NG FRARF RoRZ R P < 0.05), FH.



HMNE IR R (GAs) X /R B A AL HT S VE 1Y)

Table 2. Effect of malondialdehyde content from Korla Fragrant Pear branches under the treatments with different
concentrations of Exogenous GA; (umol/g)

3= 2. SNR GA; O3B IS EE/RENE R R A Z B & 2 /95200 (umol/g)

15L& Temperature(C)
AbFE Treatment
4 —20 —22 =24 —26
CK 8.03f 15.65 bed 16.06 bcde 16.56 a 8.46¢e
Ay 11.78 a 13.31 abc 18.44 ab 19.15a 1520 a
A, 9.62 ef 11.70d 12.06 ce 1794 a 12.25b
As 9.06 de 13.15cd 16.22 bed 17.74a 1550 a
B, 11.00 ab 18.59 ab 20.89 abc 1797a 12.60 b
B, 11.28 cde 16.69 bed 17.12 bede 16.92a 11.74 be
Bs 10.33 de 17.35 abcd 16.94 bede 16.20 a 12.86b
C, 12.22 bed 23.87a 2534 a 16.78 a 10.01d
C; 12.93 bc 21.68 ab 22.18 ab 1591 a 11.23cd
Cs 11.60 cde 21.55ab 17.66 bcde 1466 a 10.22 cd

Table 3. Effect of proline content from Korla Fragrant Pear branches under the treatments with different concentra-
tions of Exogenous GA; (ug/g)
3% 3. SNIR GAG AL IEXT BE/RENE R KB F RBR & B AR (ug/g)

5 Temperature('C)
AbFE Treatment
4 -20 —22 =24 —26
CK 12.43a 28.23a 28.23a 32.33a 34.29a
A 10.63 a 22.46 bc 2356 b 24.42 b 24.87 ¢
A, 11.28a 23.32b 24.22 b 25.17 ab 30.20b
As 12.26 a 23.44 b 25.16 b 26.08 ab 30.85ab
B, 11.12a 19.33¢ 23.44 b 24.00b 22.87 cde
B, 12.59a 20.78 bc 21.93 be 24.98 b 25.24 ¢
Bs 13.04 a 20.47 be 21.33¢ 25.07 ab 24.06 cd
Cy 1161a 16.19¢c 23.32b 23.58 ab 20.86 de
C, 13.90a 18.24 be 19.63 ¢ 24.79b 20.29 ef
Cs 13.82a 17.51 be 1751c 24.06 b 17.26 f

U8 GA; REF 5 P 7K B A A o P PO 0 i 2 R 5 B B IR B e R s AN R AR FZ B3 m, —26°C R, A
ARACI HEIR S AR BmfE, M B 4UM C A& H A IHE IR & B 24 CIERIE(E /5 LT
Ho fE-20CH, BB S SR LT, RS T, MRS EEREN. AIREBET &

AL B T R 5 B 2 UG TR . b R & B i KB Y I 26 °C I Ag 4b2E, O 30.85 pglg, tE 4T

WP BT T 151.55%. Ui [RIACERZR AT T Ag AEER A 25 52 B GIR 1T F BN

3.1.4. SNE GA AIEX BERENIBR AT BN EO RS BHF W

2RI M B, ATVA TR R A

P =N
SR

()

ARG, DOt sisER RN . Bk 4 WE
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H, BEE AL ARG, A B TR R A A B R IEET R . HAS A BE R S A E
FMEARGEERERE . HPEEE 4CE-20CH, &FRAE M EEE A & Sl n.
—22°CJa, SAER IR AR A EASNIN, 26 Cih R mE. WIHARIE-22 CH I R —E M5
BTV, DLERA IR AR . FE-26 CHRMRIRMNA T, Br A AbBESN, B ACBEECR R MR ER A
g RS E, JFH Co MBIRIB R M & AU Ik B s E Y 8.06 mg/g, ELIF] ARER 0t i e
21.12%, tb4CHIAEE 7T 319.80%.

3.1.5. ShIR GA; ALIEX EE REE R Z T RIS BRI
B B IR R B, B AC A S RO AT I VR RE B R SR B BT R BRI A S (6 5). —24C LRI

Table 4. Effect of soluble protein content from Korla Fragrant Pear branches under the treatments with different
concentrations of Exogenous GA; (mg/g)

3= 4. NIR GAG RLIBX B /RENE R WA M E B R A EHIFM(mg/g)

15 Temperature(C)
AbFE Treatment
4 -20 —22 —24 —26
CK 193a 417 a 5.61b 5.77 de 6.71 ef
Ay 191ab 401a 4.01d 6.94 ab 7.56 ab
A, 1.39¢c 2.62d 5.60 b 6.23 bede 6.43 f
A 1.78 ab 2.68d 5.90 ab 6.41 abc 7.42cd
B, 1.87 ab 399a 5.36 bc 7.07 ab 7.41 bc
B, 1.65b 3.04c 5.84 ab 6.24 bede 7.25cd
Bs; 1.76 ab 3.08¢ 5.29 bc 6.02 cde 7.22d
C, 1.82ab 397a 6.70 a 7.20a 7.25cd
C; 192a 3.45b 6.08 ab 6.26 bed 8.06 a
Cs 1.73ab 3.48b 4.69 cd 5.64¢ 7.03 de

Table 5. Effect of soluble sugar content from Korla Fragrant Pear branches under the treatments with different con-
centrations of Exogenous GA3; (mg/g)

3% 5. NIR GAG AL IBX BE/RENE R SR ALA MEHE 2 EHIFZNE(Mma/g)

5 Temperature('C)
AbFE Treatment
4 -20 —22 —24 —26
CK 33.08 f 28.56 ¢ 37.64c 44.02 bed 4491 a
Ay 38.99 de 39.24 b 41.02 be 50.05 a 39.07 abc
A, 38.26 e 40.05b 40.18 abc 41.86 de 38.42 abcd
Az 40.69 ab 4272 a 4442 a 50.91a 39.72 ab
B, 41.55 abcde 4041b 41.42c¢ 4570 b 36.95 bede
B, 40.21 bede 41.30b 41.76 abc 42.70 cde 36.03 bede
Bs 40.38 cde 40.76 b 41.82 ab 42.40 be 37.45 bed
Cy 4410 a 4159 b 41.83c¢c 41.35¢e 34.83 de
C, 42.15 abc 42.56 b 43.34 abc 43.54 bede 33.64¢e
Cs 42.07 abcd 43.21b 43.42 abc 42.89 bede 35.59 cde
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AbFEAY 2 Al A R S RN R, IF HLA AR BRI T P A R 1 2 AN K . E-24°CINF, AR FER (Y )
YRR S EIAP B, s EHIUE A AbFE, h 50.91 mglg,  LE[E] AL FE X HE R 15.65%, e HLxHIE
B AR Bye —26°CHF, RIVAME S & R, 1X 32 B2 B FARIR A ] v MW B 388 I s A s R B D
INAHL P RAKRNGE DK, AP A S L SV (BT M . SRS 5 A S IR (1 22 S W B R LR 5

3.1.6. SN GA; L IEXT EERENBF R FTEH S BRI

M 6 FTLAEH, AME GA KB )G, BEHRERIFEK, &AL 2% NIEm & BB W K. 76 4CH
—24°CYulE N, SALEEANGER & RRWIRC, HPRRE AR, £-24C2)a, Bk CoabHsh, ek &%
RIITE 26% LA o VLHATE-24°CJa, JER ARG/ TR, SRR 40 (215 P, Brtbokie s
PUIEME . HABRIRERHIZ AR Ag BRIRIEE] 45%LL . —22°CIRIE N, SAEENEH S BHERAE
%, HE AR N & AT 2 1) 22 A 6 BT

32. BEMFERNRERYERFHARERE

N AR & e bn o B R A AL BURE M AT 25 A PR, I8 T R SR B FE bR 1 1 SRR eR U R
I3 AT EEESTFHET (5 7).

B2 7 AT, BR T CoRl Co A FRAL 25 (1 T3 SR B BE /N T 0.4, HUE A BB K I T35 J8 B2 3 K T 0.4,
It H A LB IE oK, KORM S T Hoe 8 AN b B

R THFBEERIR >, W2 7 KFE Az kb3, B 100 mg/L GA; — IR AL FRE 2 1) - & 0.814 >
0.7, [HIk 100 mg/L GA; —RALE N ST, R AHTFE 1 %% 50 mg/L GA; —IXAEHE. 75 mg/L GA; ik
AbFE . 50 mg/L GA; IRALFE. 75 mg/L GA; “IRALFE. 100 mg/L GA; YRALHE. 100 mg/L GA; — R AbHE
(R B LR T 0.4, RIEDL B & ALE B AT, K5 bt 50 mg/L GA; = IRALEE. 75 mg/L
GA; —ACE PRI B KT 0.3, BIX B pp b B KHt, 8 THisEIVeL.

4. Wig
AR I X AR R R (GA AL B 1 B /R B B BB b AT L . T e IR IR e
Table 6. Effect of starch content from Korla Fragrant Pear branches under the treatments with different concentra-

tions of Exogenous GA3 (mg/g)
72 6. INR GA; LIRFT e /RENE B KIE 1 & E RIS (Mo/g)

iR Temperature(°C)

AbEE Treatment
4 —-20 -22 24 —-26

CK 16.50 ¢ 16.11 bc 1581a 15.56 abc 1463 a
A 17.99 abc 17.02 be 16.78 a 16.63 ab 8.87f
A, 17.63¢ 17.28 abc 16.84 a 16.60 a 9.11 ef
A 18.02 bc 16.84 c 16.11a 15.55a 10.09 def
B: 19.80 ab 19.29 ab 18.45a 17.96 a 11.35 cde
B, 18.93 abc 18.44 abc 16.99 a 15.37 abc 11.43 cdef
Bs 19.20 ab 17.49 be 17.77a 16.96 abc 12.52 bed
(0% 21.60a 2156a 20.13a 19.30a 13.83b
C, 20.23a 19.59 abc 17.14a 14.14 be 13.75 bc
Cs 20.38 a 17.53 bc 1743 a 1478 ¢ 14.15b
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Table 7. Membership value and average membership of Korla Pear branches with different concentrations of Ex-
ogenous GA; treatments under artificial low temperature conditions

=7 ALIRBRFH TERMBERRKFING GA; L BRI RERBER FHREE

e 3R )& B $U{E Subordinative function THRBE 0
Treatment HER (S5 R ARPEECR AR TER Aversalg]e of Sort
Conductivity MDA Proline  Soluble protein Soluble sugar Starch

As 0 0.420 0.571 0.465 0.487 0.966 0.485 3
A, 0.105 1 0.870 0 0 0.957 0.489 2
As 0.801 0.671 1 0.410 1 1 0.814 1
B 0.436 0.250 0.384 0.732 0.368 0.483 0.442 6
B 0.207 0.587 0.556 0.374 0.164 0.770 0.443 5
Bs 0.536 0.590 0.500 0.237 0.206 0.630 0.450 4
C: 0.873 0 0.196 1 0.250 0 0.386 9
C, 0.309 0.175 0.243 0.749 0.328 0.584 0.398 8
Cs 1 0.509 0 0.065 0.427 0.613 0.436 7

JR~ AL TERE R ek 6 KAEFRFRARIIINE, DAHIA PER B AL At GAg LT8R 1) 45 e $ AL TP 1
P

SEEGEE SRR, S FIIREER GA IELE T PE/R B R BRI B %, HAMER B S, /AL
BAAR PR BEE IR E R, RS R ek R LTS, 24 CE-26CHZ& I S
SRR BRI TR A M AR A O S, TR R R RO A R N A A B ) AR A T
B — R A B RS i 28 I R 1Y) B = BB L FE O BRI P AR g I, MEXS TS, AiE— Ik GA i
IR INBR B HBCP AR . RS20 a] i 1 2R 1 BB A IR R I BRI RR g, S B3 TR R
A FL ) T RS S B ITE 24 C IR Bl i i, Horh A JbBRIOBE S B s, HZERREP <0.05);
Mo B ICERRH 2 A 2T, £-267C NiABMRACME, &AFER K2 7 %P <0.05).

PP Z PR, ANRESR— 13— R B AR bR R I s A PR A T . & AR B R AR AME
A B RIS AR i A B2 8] /R A A e, R XX B4R bR (128 BAE FIIR NG5 04T
A Re b A PUIE E R HERA 208 o SRJE R I R A T AE 2 FR AR I E R L A R AT S5 A VRN Y
T3, K6 B T R 0 JE R, B BB A MR RT SE 4 [30].

AW Z MY AR 6 KIRPRIEATPIIEMESE 8, AR5 P SR8 s 020 FLiAT 1 B se k28
GV WP TAEN TAREA T, ARVREA R IRE S EINE GAs, PE/R A AN B 4k — AR A
FIPUFE A FRARRR B A S PRI K R

5. &g

LA Mr S PR TRAR SV B SR IRAE AT AL AN GAG AR 1 m] DLSR e /R B & AW O pT e . T 4]
BN, e GA W)y 100 mg/L, AbEE—IK, BERSIRGT-24 CHUKIR . (H s EEWIEN ). SMIRE
IR PR B /R B A AL UE A BRSO, DL R AR i X PRI (R 47 75 2Lk — R AT I
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