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Effect of exogenous ABA on the cold resistance of branches of 21st Centu-

ry and Jiushuo peaches
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Abstract: [Objective] This experiment was conducted to explore the effect of exogenous ABA treat-
ments on peaches under low temperature stress in Qinhuangdao City, Hebei Province, China, in order to
screen the optimal concentration for improving cold resistance. [Methods] In this study, annual branches
of 21st Century and Jiushuo treated with different concentrations of ABA (0, 25, 50, 75 and 100 mg-L™")
were used as test materials for evaluation of cold resistance under different artificial low temperatures
(0, -5, -10, -15, =20, =25, and —30 °C). Relative electrical conductivity (REC) was determined with the
method of Li Hesheng. MDA was determined with Thiobarbituric acid method using the kit was provid-
ed by Shanghai Enzyme Link Biotechnology Co. Ltd.; soluble protein content was determined with a
BCA protein method kit (Shanghai Enzyme Link Biotechnology Co. Ltd.); and soluble sugar content
was determined with plant soluble sugar kit (Shanghai Enzyme Link Biotechnology Co. Ltd.). The en-
dogenous hormones of ABA, GA, IAA and CTK were determined using ELISA method with kits pro-
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vided by Shanghai Enzyme Biotechnology Co. Ltd.. The differences in relative conductivity, MDA, sol-
uble protein, soluble sugar and endogenous hormones (ABA, GA, IAA, CTK and ABA/GA) were inves-
tigated. [Results] The results showed that under low temperature stresses, the soluble protein and solu-
ble sugar contents in 21st Century and Jiushuo branches treated with exogenous ABA increased com-
pared with the control. 50 mg- L' ABA treatment had the highest increase compared with the control.
MDA and relative conductivity increased slowly compared with the control. The contents of ABA, GA,
IAA, CTK and ABA/GA ratio increased first and then decreased. The endogenous ABA content in 21st
Century at 0 °C was the highest in the 75 mg- L' treatment and increased by 6.9% compared with the
control; at =15 °C, the highest ABA content was found in the 25 mg- L' treatment, which increased by
2.1% compared with the control; at =30 °C, the highest ABA content was found in the 25 mg- L' treat-
ment, which increased by 2.6% compared with the control. The ABA content in Jiushuo was the lowest
in the 100 mg- L' treatment at 0 °C, which was 5% lower than the control; the lowest ABA was found
in the 50 mg- L' treatment at —15 °C and at —30 °C, which was 9.1% and 7.4% lower than the control,
respectively. The GA content in 21st Century was the lowest in 50 mg- L™ treatment at 0 °C, which was
3.8% lower than the control; the lowest GA content was found in 50 mg- L™ treatment at —15 °C, which
was 3.2% lower than the control; GA content in 75 mg - L' treatment at —30 °C increased slightly and
was 1.5% higher than in the control. The GA content in Jiushuo was the lowest in 75 mg - L' treat-
ment at 0 °C, which was 6.5% lower than the control at —15 °C; the lowest GA content was found in
25 mg- L' treatment, which was 0.1% lower than the control at =30 °C; the GA content in 25 mg-L"'
and 100 mg - L' treatments was increased slightly and was 0.7% higher than the control. The endoge-
nous IAA content in 21st Century was the lowest in 25 mg- L™ treatment at 0 °C, about 2.9% lower than
the control. At =15 °C, the lowest IAA content was found in 100 mg-L"' treatment, which was 4.2% low-
er than the control. At —=30 °C, the TAA content of the sample treated with 50 mg- L' ABA is less than
1% higher than the control. IAA content in Jiushuo was the lowest in 50 mg - L' treatment at 0 °C,
which was 4.8% lower than the control; at —15 °C, the lowest IAA content was in 75 mg- L' treatment,
which was 3.7% lower than the control; and at —30 °C the lowest IAA was found in 100 mg- L' treat-
ment at, which was 1.5% higher than the control. In 21st Century, endogenous CTK content at 0 °C was
found in the 100 mg- L' treatment, which increased 0.4% compared to the control; at —15 °C, the lowest
CTK content was found in the 100 mg - L™ treatment, which increased 2.2% compared to the control;
at —30 °C, the lowest CTK content was found in the 100 mg-L"' treatment, which decreased by 9.3% com-
pared with the control. The endogenous CTK content of Jiushuo was the lowest in the 50 mg- L' treat-
ment at 0 °C, with an increase of 2.5% compared with the control; at =15 °C, the lowest CTK was found
in the 50 mg - L' treatment, with a decrease of 1.8% compared with the control; and the lowest CTK
was in the 100 mg- L' treatment at —30 °C, with a decrease of 7.9% compared with the control. In 21st
Century, ABA/GA ratio at 0 °C. 50 mg- L' treatment had the highest ABA/GA ratio, which 8.1% hgiher
compared with the control; At —15 °C, the ABA/GA ratio of 50 mg - L' treatment was the highest, in-
creasing by 4.7% compared to the control; At =30 °C, the ABA/GA ratio of 75 mg-L" treatment was the
highest among all treatment groups, but it was 0.5% lower than the control group. The ABA/GA ratio of
Jiushuo was the highest in the 75 mg- L' treatment at 0 °C, with 4% increase over the control; the highest
ABA/GA ratio was found in the 25 mg-L™" treatment at —15 °C; and the highest ABA/GA ratio was in the
25 mg- L' treatment at =30 °C. At —30 °C, the highest ABA/GA ratio was observed in the 25 mg - L'
treatment, with an increase of 1.8% compared with the control. The cold resistance indexes under low

temperature stress were comprehensively evaluated by the affiliation function method, and the order of
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cold resistance among ABA treatments for 21st Century was 50 mg-L"'>75 mg-L"'>100 mg-L"'>
25 mg-L"'>0mg-L" (control); for Jiushuo, the order was 50 mg-L">25 mg-L"'">75 mg-L"'>100 mg-L"'>
0 mg- L' (control). [Conclusion] ABA treatment could affect the cold resistance of 21st Century and Ji-

ushuo to different degrees. Based on the changes in physiological indexes, 50 mg L' ABA treatment is

the best, as it effectively alleviated frost damage and improve cold resistance.
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Fig. 1 Changes in membrane leakage in 21st Century under
different low temperature conditions and ABA treatments at

different concentrations
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Fig.2 Changes in membrane leakage in Jiushuo under
different low temperature conditions and ABA treatments at

different concentrations
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Table 1 Logistic equations and semi-lethal temperature

of different concentrations of ABA in 21st Century and

Jiushuo

il ol Logistic /7 2 BB R

Variety (mg-L") Logistic equation LTs/°C

208 0 y=100/(1+40.317¢"%)  ~17.675 0.907

élesntmry 25 y=100/(1+0.333¢°5%)  -21.992 0.874
50 y=100/(1+40.331°%)  -24.036 0.869
75 y=100/(1+0.324")  ~23.000 0.936
100 y=100/(140.333¢™)  -22.908 0.951

T 0 y=100/(140.239¢"™)  20.159 0.900

Jushuo 55 y=100/(140.236¢°%)  22.561 0.882
50 y=100/(140.238¢""%)  ~25.634 0.869
75 y=100/(140.223¢"")  -25.434 0.811
100 y=100/(1+40.242¢°)  -24.048 0.818

TR ONMIR AR

Note: R’is the correlation coefficient.
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Fig. 3 Changes in MDA content in 21st Century under
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Fig.5 Changes in soluble protein content in 21st Century
under different low temperature conditions and ABA

treatments at different concentrations
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under different low temperature conditions and ABA

treatments at different concentrations

Xof R 0 2.1% 5 =30 °CH}, 25 mg - L' AL FL ) ABA &5
B, B RN 2.6% . A ABA 7 B kB
R BRI P . 0 °CHY, 100 mg - L' 4k (1)
ABA & B AR, B R PR 5%; 15 °CAY, 50 mg - L
RO ABA 7 B A% BON R P4 9.1% 5 -30 °CHY
50 mg- L' VK ABA 421 ¥ ABA & B &K, B0 iR
AR 7.4%.
2.6 ARIFRERE ABALIEBFAEARRERKETTH
£ GAZERFNY

AR5 B FE ABA AbFEAE AN R 35 46 1F R %
GA Fraffsem W 11 K 12, 21 8k GA & &

o4 m5mg-L' B50mg-L' ®75mg-L' 0100 mg-L"
Control

800
a ab
d

3
(=3
(=]
o

D
(=
(=]
<)
o
©
o
(>

wn

(=

S
T

»(GA)

GA content/(pug-L")
5
S

300

200 —L
0 -15 =30
Temperature/°C
Bl 11 ARERERE ABA LBAEFERRKEEZHET
21 2RI GA FEMNEN
Fig. 11 Changes in endogenous GA content in 21st century
under different low temperature conditions and ABA

treatments at different concentrations

O @25 meg L' ES0mg L' ®@75mg-L' 0100 mg-L'

Control
800
L a
~ 700 2 b ¢ ded
= 600 | bpb??d ¢ bcab a be
~ 2
< I 500 -
g5
Q§ 400 |
é 300
200
0 -15 =30
I
Temperature/°C

12 FERERE ABA LBERERESEGT
AWAIR GA E2MEN
Fig. 12 Changes in endogenous GA content in Jiushuo
under different low temperature conditions and ABA

treatments at different concentrations



#1051 2N A AN ABA IR B T 21 20 5 AR B A ZE ML A 2 2143

IR PR AR T P . 0 °CH, 50 mg- L AL FEf) GA &
AR, O R R 3.8% ;15 °CHY, 50 mg - L AbHE
1) GA 7 & B fIk, B R PR 3.2% 5 -30 °CIY, GA &
IR T, 25 mg- LA FE ) GA & B, BOnt
TN 7.6%0 ATHFENR GA 25 FE iR B 7 A
0 °CIFf, A GA S E LT X . 75 mg- L Ab P

GA & =K B P 6.5% 35— 15 °CHY, 75 mg - L
AR FEIR GA & Bt i » OGS B3 0 5% 5 -30 °CH %“%
RGA G EH ST, 75 mg- L' AAH 1) GA &
3 1 » BN HEHE N 2.6%
2.7 ARIRERE ABA LB FEARKE T
FZIAA S ERFNY

AR BT 2R FE ABA 75 A [ IR 2% 11 7 % TAA
SR L 138 14, 21 L BIKIAA & &R
TR E TR . 0 °CHY,25 mg- L AR TAA
S ERAL, BOHIRPE%2.9%: - 15 °CH , IAA & B 1K
TP AR IR BT PR IGE S . 100 mg- L' ik
B TAA & Bk, B0 HE PR 4.2% 5 -30 °CHY, TAA
BRI E TR, 100 mg- L AR FR TAA (& &
R BN RN 4.2% . ATIUEEAR TAA & Bl iR
PEAR 2 T &3 0°CH,50 mg- L' AL 1) IAA
T A, B IR BRAG 4.8% ;- 15 °CHY, 75 mg - L' 4b 7
EKJ TAA & 8K, BN MK 3.7%: -30 °CI L TAA

AT, 25 mg - LA TAA & &5 e,
iﬂa‘ﬁﬁi’ébu 9.5%.
2.8 ARERERE ABALIEFERERE TXH

n(X:TEE 1|:|25 mg-L' E50mg-L' ®M75mg-L" 0100 mg-L"
ontro

110
105

—_
(=3
(=)

)

S

P(IAA)
TAA content/(pg-L™")
el
S

80
75
70
0 -15 =30
NS
Temperature/°C

13 FEREKE ABA LBEARIKESRHET
21 tHERIE 1AA S BT
Fig. 13 Changes in endogenous IAA content in 21st
Century under different low temperature conditions and

ABA treatments at different concentrations

D(X:j%l l|:|25 mg-L' E50mg-L' ®@75mg-L' ©100 mg-L"
on

110
105

—_
(=
(=)

95
90 |
8 r
80 r
75 F
70

P(IAA)
TAA content/(pg-L™")

I
Temperature/°C
B 14 ARIRERE ABA LBAREREEZET
ATAIR 1AA S EMTK

Fig. 14 Changes in endogenous IAA content in Jiushuo

under different low temperature conditions and ABA

treatments at different concentrations

ZCTKE =%

ANIF 5 B UK B ABA Ab 3 7E AN AR IR 26 1F R X
CTK &= Msm LK 15 - 16. 21 {2204k CTK
o i B R PR AR R B, RO E R ERE TS
ST G BRI 3 . 0 °CIY, CTK & & 2w 1%t
M8 . 50 mg- L' AbBR ) CTK & & fie i , 1500} I 39
7.6%:-15 °Cl} ,CTK § B Z R A B #:-30 OCBa‘
CTK & EHK T X, 100 mg- L' AFE ) CTK &
BRI, B R PRI 9.3% . ATEEAR CTK &5 E]ZL/ME
BEAR I T B, Bl 6 o A B2 16 i 2 T P T [ 1
#, 0°CH, CTK & &34 T X /8, 75 mg - L' Ab 3 1)

oA mS5mg L' E50mg-L' ®75mg-L' 0100 mg-L"

Control
80
o070 r
| b b b p
o a a a aa
—~ = 60 a b b
M ¢ c
S5 st
<3
v 40 r
[_4
O 30 +
20
0 -15 =30
MR
Temperature/°C

15 AERERE ABA LBERERESEGT
21 HERIE CTK S 2RI
Fig. 15 Changes in endogenous CTK content in 21st
Century under different low temperature conditions and

ABA treatments at different concentrations



2144 3B i)

S 4

40 %

O @25mg-L' ESOmg-L' ®M75mg-L' 0100 mg-L"

Control
80 r
~ 70 a a
"T] 4 be b a
~ \%e 60 b bbb a a bbb
£
=
o 30
20 L
0 -15 =30
R
Temperature/°C

16 FEREZIKE ABA QLBEARKESZHET
AFAIE CTK S EMTEX
Fig. 16 Changes in endogenous CTK content in Jiushuo
under different low temperature conditions and ABA

treatments at different concentrations

CTK & &, ORI 1 8.8%:—15 °CHY ,25 mg - L
Ab PR ) CTK 75 & 5 i » 00 R IG 11 4.3% 530 °CH
100 mg - L' kb P ) CTK & & fie i , 8¢ % B8 P& AR
7.9%.
2.9 A REIRERE ABA IR G BKE T X%
£ ABA/GA LL{ERIZZ N

AN [F) 5 R ABA b BRTE AN [ 26 14 X
ABA/GA ECAE (1 52w DL 1 17, 18 18 21 42 (1)
ABA/GA FUAH Fifi i P PR AR A & B THE S, 7E 0 °C
i, 50 mg- L' AbFE ) ABA/GA EUAE i, B0 R 38
n8i1%, ZRE%E. —15°Ch,50 mg- L' AL )
ABA/GA AE % i, B0 RGN 4.7% . =30 °CHY

néa;'ﬁmlnzs mg-L' E50mg-L' ®75mg-L' 0100 mg-L"
0.62
0.60
0.58
0.56
0.54
0.52
0.50

0.48

ABA/GA

0 -15 -30
i3
Temperature/°C
17 FEREKRE ABA RIBEARRESHET
21 42 ABA/GA LLERI L
Fig. 17 Changes in ABA/GA ratio content in 21st Century

under different low temperature conditions and ABA

treatments at different concentrations

O BE25mg L' E50mg L' ®75mg-L' ©O100mg-L'
Control

0.62 r

[

0.60 r
L a
« 0.58

L
Temperature/°C
18 A EIRERE ABA LBEFEREEHT
AW ABA/GA tE{ERIZEIL
Fig. 18 Changes in ABA/GA ratio content in Jiushuo
under different low temperature conditions and ABA

treatments at different concentrations

ABA/GA LW KT X R . 50 mg- L' AL B ¥ ABA/
GA AR AR, BN B FEAIK 9.4% . A Bl ABA/GA L
B B I P B I B AR R OE TR R % . 0 °CH,
75 mg - L' AL BE () ABA/GA EUAH 5% 15 » %50 18 384
4%, —15 °CH},25 mg- L' AL ) ABA/GA i %
T R IE R N 1.1% . —30 °CHY, 25 mg - L AL FE 1)
ABA/GA FUAE iy, BOG HEEE 11 1.8%.
2.10 AERERE ABALEEMRF ZINEMLE
BN

B — [ FE AR AR A 4 THT I RAE ) 25 B LFERE T
H Z A 48P PP 256 BB T LL B — FR A5 1 g ] SE09,
1z F 3R J& oR 80T 3 g B 4 1 25 UMb S AN (R k
fn Pl BT FERE A1 A S DL 10 NPT FE SR bR SR
& FEE 1 ST 35 B 2 AN Bk R A [R) VK B ABA b3 5
BORPUIEME AT S8 G VN, R B 4R A T 38 S R B
K, PLIEME R , R 2 PIIEMEBRSS . 25 RUsR 2 B
21 AR SR AT A R B IR B ABA AL3 73
3 )8 FEAEAE 0.504~0.514 2 [a], ~F- 24 55 Ja 5 i 45 b ot
B8, Hod 50 mg - L'ABA Kb BE (5P 15 5% 8 A B
K, R4 P25 8 BEAE RN, AN s &K FE ABA 4L
FERLMF 50 mg L' >75 mg-L'>100 mg-L"'>
25mg-L'>0mg L' A MUK 5% A [F) i & & B
ABA 4& PR i) ¥ 1 5 & 2B 1E 0.492~0.510 2 [A] ,
Yoy 55 J P B 45 EL X6 R 755, 50 mg - L ABA AL FE (1T 1)
REEH R K. R EEE KA, AR R E
WIE ABA PLIEZ AT 4 50 mg-L'>25 mg-L'>
75mg-L">100 mg-L"'>0 mg- L' GFH&),



#5104 2,48 ANE ABAXMIGIR B E R 21 20 5 AR R ST MR K52 2145
R2 TRIRERE ABA LERIBMR FMB MR RE R BE
Table 2 Affiliation function values of cold resistance index of peach branches treated with different concentrations of ABA
i oy TR e SURmE HIHEA
Variety p/(mg L") SR MDA Soluble Soluble  ABA GA IAA- CTK ABA/GA Membership Cold resis-
REC protein sugar function tance ranking
2114 % Control 0.484 0.548 0.479 0.511 0.443 0.475 0542 0.544 0.517 0.504 5
élesr:tury 25 0.532 0.526 0.494 0.489 0.518 0514 0.517 0481 0.507 0.508 4
50 0.488 0.548 0.540 0.495 0.520 0.500  0.529  0.502 0.500 0.514 1
75 0.513 0.508 0.510 0.523 0.513 0512  0.502 0.511 0.497 0.510 2
100 0.515 0.506 0.499 0.514 0.519 0.535 0477 0509 0.511 0.509 3
YU X #8 Control 0.495 0.500 0.487 0.499 0.430 0.500 0.461 0.528 0.526 0.492 5
Jiushuo 25 0.524 0.512 0.487 0.519 0.548 0483 0.502 0510 0.503 0.509 2
50 0.504 0.521 0.497 0.492 0.555 0489  0.519 0.524 0.490 0.510 1
75 0.512 0.500 0.490 0.484 0.593 0.494 0495 0483 0474 0.503 3
100 0.494 0.500 0.481 0.475 0.480 0.552  0.500 0.480 0.487 0.494 4
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% WIR % (ABAGATAA .CTK) & &1 H BILAN [H
AL, 8 FE A . ABA/GA HUAE T A4k 5
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B, FHE AR EERE. RS ELE
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B, AT 25 5% ) R B i A B 21 T2 1) 3 ) R B
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