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Effects of CaCl,, ABA or Sucrose Pretreatment on Germination of Dormancy Released

Seeds of Fraxinus mandshurica Dehydrated at Low Temperature

Zhang Peng Zhao Tongtong Li Mingyue Wu Lingdong Shen Hailong
(School of Forestry, Northeast Forestry University —Harbin 150040)

Abstract: [Objective] We compared the effects of CaCl,, ABA and sucrose pretreatment on germination of Fraxinus
mandshurica dormancy-released seeds dehydrated at low temperature, and explored the intrinsic physiological changes of
seeds during dehydration under different pretreatment conditions to reveal the physiological mechanism of regulation and
control of seed desiccation tolerance. [Method] The dormancy released seeds of F. mandshurica were used to investigate

seed germination ability after dehydration at low temperature (5 °C) pretreated by different concentrations (10 %, 107,
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107", 10 7 mol*L™") of CaCl, solution, different concentrations (10 %, 10 ™", 10 7°, 10 °* mol*L™") of ABA solution or
different mass concentrations (1, 10, 50, 100 g*L ') of sucrose solution for 24 hours, the seeds were soaked in distilled
water for 24 hours as control. According to the above experimental result, the best treatment concentration to improve the
seed germination ability, CaCl, 10 “mol*L ™", ABA 10 °mol*L ' and sucrose 100 g*L ", were selected respectively.
Then, the seeds dehydrated at low temperature after pretreating with the selected solution for 24 hours were used for this
study, and the seeds soaked in distilled water for 24 hours were used as control, the effects of different pretreatment
methods on seed cell membrane permeability, antioxidant enzyme activity and storage material metabolism were analyzed
by measuring the relative electrical conductivity, the activities of antioxidant enzymes (SOD, POD and CAT), the
malondialdehyde (MDA) content, soluble sucrose, soluble protein and starch content in the seeds. [Result] Pretreatment
of 10 *mol*L. "' CaCl,or 10 *mol*L. "' ABA could significantly improve the germination rate and germination index of the
seeds after dehydration at low temperature (5 °C), and shorten the seed germination time; pretreatment of 100 gL'
sucrose could significantly improve the seed germination rate after dehydration at low temperature (5 °C), but had no
significant effect on the germination index and the germination time. For the seeds pretreated with 10 *mol*L ™' CaCl,,
the SOD activity in embryos was significantly increased after dehydration at low temperature (5 °C), and the relative
electrical conductivity and MDA content in seeds were significantly decreased; For the seeds pretreated with 10 °molL ™'
ABA, the POD activity in embryos was significantly increased after dehydration at low temperature (5 °C), and the
relative conductivity and MDA content in seeds decreased significantly; For the seeds pretreated with 100 gL ~'sucrose,
the SOD and POD activity in embryos were significantly increased after dehydration at low temperature (5 °C) , the
relative conductivity and MDA content in seeds decreased significantly. CaCl,, ABA and sucrose pretreatment significantly
reduced the soluble protein content, and increased the content of soluble sugar in seed embryo and endosperm.
[Conclusion] The appropriate concentration of CaCl, (10 “mol*L "), ABA (10 °mol*L"") and sucrose (100 g+ ")
pretreatment (especially CaCl, or ABA pretreatment) can improve the germination ability of Fraxinus mandshurica seeds
after dehydration at low temperature. Under low temperature dehydration conditions, CaCl,, ABA and sucrose
pretreatment can significantly improve the antioxidant system enzyme activity in the seed embryo, better maintain the
integrity of cell membrane structure, reduce ion leakage and MDA content of cells. But the antioxidant enzyme activities in
different pretreated seeds were different. Pretreatment with CaCl, was more beneficial to improve the activity of SOD in
embryos, and ABA pretreatment was more beneficial to improve the activity of POD in embryos, while sucrose
pretreatment increased the activity of SOD and POD in embryos at the same time. The improvement of the protective
function in the low temperature dehydration process by pretreatment of CaCl,, ABA and sucrose was probably related to the
increase of the soluble sugar in embryos.
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JHOBE VU TIAL EN i AE AR (5 °C) R B K e i &
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(107,10 7,10 7,10 "° mol* L") ) ABA ¥ W A1 A
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1.2.2 AS[A] P AL B = 4 i 5 3% P L Bk R 4
5 ) AR R S e AR b AN [ Ak B K
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(NBT) 53 5& , i A AL P 1 (POD) 3% 7F R H /& il A
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2.1 FRALER XK g A00 KR B K R R A RO &2
2011 GUALAS ¥ T Ak B BT B K B R 5
Wi A 5 VT Ak T 7K gt A9 b 1 6 AR 2L B K S
K 2E R AR B (P >0.05), &K E N 107
mol* L ™" S A FL S IRl 7 R F R B (R 1) .
S TR A B 7K A9 R 28 AR U B K S 1 R
FIREGE I (P <0.05) , B 10 *mol =L~ &L 45
Qb B 0T TR 2 e R S 35 AL, LAt AL B 0] R R B
B, b & & A4S 10 Pmol e L' AL B Fh 1 & 2
o i (R 1) o SUIES W IR T AL BT 7K it 490 o 1
SRR 7K J5 1) 2 B 1) 5 ma Al S 3 (P < 0.01) ,
W 10 "mol« L ™" BY 10 *mol » L ™" G0 AL 45 &b 3 11
T~ 1) R 2 e 1) B S A0 MR (3R 1)

2.1.2  ABA ¥ TRAL BESHF 1 JE K S W R K 52 iR
ABA 0TI AL BE6F 7K it A0 B 20 A R B K S B R
ZER P E (P <0.05),10 * mol+L™" ABA kb #
L% i 2= 2% (P <0.05) , A LU 2 42w b 1 A4
5 CHATTHKTERERRFE(K2) . ABA WM
AL BT 7K AR - 2 AR I K S TR R 2 4R O
B#(P<0.05) ,#E R 107 mol*L ™" Al 10 > mol*
L™ ABA b H 5 I 22 R AN W 25,107 mol - L' Al
10 ~° mol=L. "' ABA ¥ AC B Rl 1 (W R 2EFe 508 &
FXH (P <0.05) o ABA %9070 AL 23 56 7K il 490 Ff -1
S B 7K 5 R R 2 I R 5% e Al 2 (P < 0.01) ,
10 ™ mole L. =" ABA ¥ ¥ 15 Ab R (¥ B -1~ & 2 IN [ bb 6
B FSR (412 R) (R2),

21,3 R A T A B GH B I K B RS
JHRE A A AR TOUALL B X 7K A e 22 AL i K S PR R
R (P <0.05) , #EE 100 gL~ F 88 5 W
AL B JE RN A5 5 C 4 T IRK G i & % 835
TR R (3R 3) o TR v 9 TO0 A B XS K A i 2 A
WL K J5 B R EE TR R R AE N TR S w3 R 3
(P>0.05) (£3).
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Tab.1 Germination ability of Fraxinus mandshurica seeds pretreated by different concentrations of CaCl,

solution and then dehydrated at low temperature

S e )L

CaCl, concentration / (mol*L 1)

T

Germination rate (% )

KRR

Germination index

K 2 I (A

Germination time/d

10 72 90 +2.58 ab
1073 94 +3.46 a
10* 88 +5.89 ab
10°? 86 +1.15 ab
% I Control 80+1.63 b

4.08£0.33 a 7.27 +0.60 ab
4.03+0.23 a 7.06 £0.20 b
2.99+0.21 b 8.60 £0.37 a
4.31£0.30 a 6.38+0.42 b
2.70 £0.15 b 8.57+0.54 a

O P EAE NI + FRAER . FFIAR NS 78R 2R Duncan 1T Z EHRZE R W (P <0.05) o Fli. The figures in the table

are mean * standard error. The different small letters in a column indicate significant difference at 0. 05 level. The same below.

F2 AFERE ABA R R4 B9k gh W0 #0742 KR it 7K f5 BY #A & BE

Tab.2 Germination ability of Fraxinus mandshurica seeds pretreated by different concentrations of

ABA solution and then dehydrated at low temperature

ABA ¥ &S
ABA concentration/ (molsL, ') Germination rate (% )
1073 84 +4.32 b
104 93 +3.00 a
10 =3 89 +1.00 ab
10°° 90 +2.58 ab

X Control 80 +1.63 b

KRR K4 I
Germination index Germination time/d
2.89+0.05 b 8.55+0.32 a
4.41 £0.45 a 7.81 £0.49 ab
3.14+0.46 b 9.61 £0.85 a
4.55£0.54 a 6.14 +£0.50 b
2.70 £0.15 b 8.57+0.54 a

2.2 [EFRANTER X3 oKk B #0# 7R R 7k f5 4R B AR
E MR
TP 1 AT WL, g 28 AN [ AL B A L AR (5 °C)

AR TR B K S B AR N H S A 2 e AR (P <
0.01),% 100 g+ L' HJEHE .10 *mol+ L ™" ABA %
10 “*mol» L™ SAL S5 %5 W TRAL 315 , B 1 AH X HL G %
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2R 5.39% 6. 14% F1 8. 17% , ‘& 5 I T %l Fif
THSE(10.49%) . ZEILEL R (B 1) B8R,
10 °mol*L ™" ABA.10 “mol+L 'S fL45 5% 100 g+ L~
180 JRE B VR T AL B 3 b 3 B ARG T b AR UL I 7K S 11

HL 5%, H 10 °mol<L ™" ABA B} 100 g« L~ 1) /o Bl v
WA B BEACH P R MAER R EH®T 107
moleL ™" AL 45 Fii Ak 3 .

R3 FARRBIREFEBRRTAIER K FLRBRKEEIGHERE

Tab.3 Germination ability of Fraxinus mandshurica seeds pretreated by different mass

concentrations of sucrose solution and then dehydrated at low temperature

B 5T A L R A KRR R (]
Sucrose mass concentration/ (geL.~") Germination rate (% ) Germination index Germination time/d
1 85+4.43 b 3.55£0.42 a 7.66 £0.50 a
10 90 +1.15 ab 3.62+0.15 a 7.75+0.17 a
50 79 +£2.52 b 3.41£0.30 a 7.41£0.32 a
100 94 +3.46 a 3.60+0.28 a 8.14£0.29 a
X} #E Control 80+1.63 b 2.70 £0.15 a 8.57+0.54 a
12r AN TR T A PR b5 AR R B K S R FL A POD
gl [ Wk 2E AN (P >0.05) , Ak h iy POD 3 1 %2
g b FMEE (P <0.01) (£4). RS ABA il
38 ] Ab R FR 7, R TR POD TE M I R i T SIS Ab
s L ¢ . FEAUGS I, AL AR B S X R E R AR (R 4) .
k= ] , e -
2 AN AL BE AR Al I il B K JS R R IE 3L A
g CAT 5 1 22 5 B R 3 (P >0.05) (. 4)
£ 5l AN[A]FAL B B35 (P <0.01) 50 1 Fh 1% I
JBE 7K Ji R AR S A 1 MDA 5 &, H AN 5] 791 A B2 56
0 1 1 1 1

W 107 mol-L 10°mol-L!  100gL™
Control CaCl, ABA FEFE Sucrose

FALFE Pretreatment

L GUAGHS  ABA R RERE AL 22 ) /K il 40 7
LRI B K R 1 e
Fig. 1 The electrical conductivity of
Fraxinus mandshurica seeds pretreated by
ABA, CaCl, and sucrose and then dehydrated at low temperature
Pl v T 2 e R B R 25, AN NS 5 RE R 7 R A Duncan
AT 2 MR %S 83 (P <0.05) . The vertical line
represents the standard error, and the different small letters

indicate significant difference at 0. 05 level.

2.3 FEFRGIER KT FIEERBRKERAEK
FA 40 FA N 54 B A B9 #2

2,31 ARG Bl T B A A I R R Y O
RGN P4k B ) - i 7K S R A L
SOD % P 2 T B 2% (P <0.01) , {HAS [ Fiil 4b 2
X A il B 7K 5 Al R R IR S SOD i R 19 5% mi
PR (3R 4) o FEHE 7040 1 (4 Fh 7, IR L SOD 3
P 2K T A AL B i IR SOD W R A B T
SoAb b3, Ppr 22 ABA TiALH S, b SOD % M Ak
G, S 2K TR R AR R IR L b A v, S S TN
R U B Ak B ) Ay )2 IR 5 R FL e SOD i
R TR (R 4) .

Tt A af JBE 7K i VR R VR 5L b 1) MDA 25 8 5% i) R 4R
ANE) (% 4) . 2GS ABA B B I AL 21 () B 1
EXFREAHLL, W RS T b MDA & &, i R L
MDA & &EA e (£ 4) .

2.3.2 TRAL S b n] M AR R R RE By
R AN TR T AL B A R K S I R
FLh s tEE O T EE WM EE (P <0.01), 4
SIS CABA BIGRE B T AL BRI Bl 5 5 0 BROAR L, 2
FREACT AR FL Pt E A A R (R 5) .

AN 1) I Adk 38 (1 ol AT 2L B 7K S5 O L Hp mT o 1
FRMNESRNLEZE (P >0.05) , (58 F o] 3 P&
WAEFMEZE (P <0.01) (K5) . 2815, ABA
SURERE AL EE (R T S5 0 AR LG, RS TR
AV R ) S R (BR5) S

AN TR] T A 3 70 a0 7K S R R IR L
FEREFEE (P <0.05) . 200 1AL 2 B 1 IR
TR T R AR, W T AR B ABA FRUAL B
T RS ACES  ABA FITRERE 700 4 2R 1% B 5, 15 0 R
LG IE ek & 22 R AR (RS) . @&
SR B TIAL B (R S o0 R L, B R T L
HER i 4 ABA AL FE K Bl T 5 0 BEOAH B, IR
FLhEm S EA I, HERARE (KS) .
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Tab.4 Antioxidant enzyme activity and MDA content in embryo and endosperm of

Fraxinus mandshurica seeds pretreated by ABA, CaCl, and sucrose, and then dehydrated at low temperature

e b AP 0 B A JUE R i A Al S [
Sty Preamen o oot o et
(U'mg "Pro min l) (U'mg "Pro min ") (U'mg "Pro min ]) (p,'mol 1DVV)
10 ®mol-L.~" ABA 97.34 £3.71 d 0.33 +£0.08 a 30.09 £5.76 a 38.28+1.76 b
Tl iR 10 *mol+L " CaCl, 535.26 +10.73 b 0.06 0.01 b 29.66 £4.35 a 27.82 £2.27 ¢
Embryo 100 gL ™" Sucrose 541.01 £3.08 a 0.34 +0.06 a 9.60 £2.85 a 28.96 £2.84 ¢
Xf 4 Control 477.08 £2.06 ¢ 0.03 £0.03 b 11.86 £5.35 a 60.13 £0.08 a
10 ® mol*L. "' ABA 207.55+£0.94 a 0.57 +0.05 a 4.10 £0.50 a 2.64+£0.49 a
JIE S 10 *mol+L~" CaCl, 189.78 £0.20 b 0.36 £0.06 a 4.46 £1.60 a 2.40 +0.39 a
Endosperm 100 gL =" Sucrose 116.69 £2.97 d 0.63 +0.11 a 2.41+1.12 a 2.69 £0.25 a
X} Control 145.71 £2.08 ¢ 0.18 +0.06 a 6.32+1.06 a 1.19£0.09 b

x5 TRFABRKERKMKAOMFEFMBZEALPAAEED AIAUEHENENSE

Tab.5 Soluble protein, soluble sucrose and starch content in embryo and endosperm of Fraxinus mandshurica

seeds pretreated by ABA, CaCl, and sucrose, and then dehydrated at low temperature

b E A T4k B AR A AP b VE B

Seed part Pretreatment Soluble protein/ (mg*g ™' DW) Soluble sugar/ (mgeg ™' DW) Starch/ (mg*g ™' DW)

10 ~®mol-L =" ABA 6.09 =0.09 ¢ 12.22 +0.63 ab 6.06 +0.38 b

i i 10 *mol+L "' CaCl, 7.54£0.25 b 11.74 £0. 81 be 5.95+0.40 b

Embryo 100 g-L “! Syucrose 6.90+0.32 b 14.33 £0.67 a 8.25 +0.58 a

X R Control 10.07 £0.04 a 9.78 0.57 ¢ 7.25 +0.63 ab

10 ~°molL.~" ABA 3.23+0.04 ¢ 8.31+0.86 a 10.50 0. 59 be

JIEFL 10 mol+L "' CaCl, 3.45+0.04 b 8.30 £0.46 a 13.39£1.08 a

Endosperm 100 g*L " Sucrose 3.27 +0.01 ¢ 8.80+0.36 a 12.60 £0. 80 ab

X} Control 5.27+0.07 a 8.00+0.92 a 9.55+0.71 ¢

3 Wig

) A 1R VF 22 A2 S AR o R 0 52 380 480 1) 1Y
JUHAE R B A R, A RS i 2 5 iafE S
()RR 2 A 3 i) Y. 5 3 0K SR B g AL A 1 B (%
2385, 2001 ; /NS, 2014) o YFEHFBAE S
A5 Ak B 5 1] 42 v HL I B K 1 (Song et al., 2002 ;
BRAM ST, 2004; 17 0%E, 1997) . ABA fg 5 3 b
T KRR Lea 36 A 1 20, B -1 i K it 14 55 Fp
T ABA & 5 s B OEAR G R 5E, 2011) , &
R ABA TiALHE 5, AT LA A A A 2R ) i 7K i
(XA, 20115 Ml 55, 1998) o Bl AL Fh 1 I
K FE AR AT B AR B 1E A (B W1 R0 4%, 20035 Stanis
et al, 2009; Black et al, 1996; Blackman et al.
1992) , v DL 4% ey 0 4 41 R 8B 1 10 1B K PR . AR
W9 &I, 4258 10 Pmole L ' &AL E5 AT 10 “mol L~
ABA FilAb B )5, WP A TR K EL (5 °C) F R
KGR ZF TR FIRE dim T R FuF ), &t
100 gL =" [ 88 B8 T Ab B )5, B 3 2 o0 TR AR
(5 °C) NHFIBK IS B 25 % (B AE 2 i K 28 1) BOR
AR IR E R I R X e g LI E T
AT BE 38 BRI ABA L BE RIS A4S Tl Ab
PR RE A% B2 v 7K A 7 R I K S 1 K R

Bl K — AN R A B AR, AT
P T 7K B JEAT S T = 2 DRLAS B 2K 7K T 5 803 40 i 5
SER AP R G R A 5w KR R R B
JoIp 3B S AR A A R R 50 A0 R e, B K
BB T RO B A i SR R RE 98 s B A
IR R, SRR RS A R N AT 2R
MDA T £ 28 5 40 L. A B, 40 B P9 19 Bt 4 A i
(SOD.PODCAT &) i M 38 5if , 10F 11y 375 B3 0% 7k 40, £
PR 25 K (Kranner et al, 2005) o F 2 Fl 1 Bt /K i
PR AR { A5 55 I 837 1 R0 T A8 A T O R 0 AR Ak R
(4= 3B %, 2009; % 914, 2011; A0 Wt ok &%,
2002) o AHFFTRBL, 10 mol « L' G0 Ak 45 1 4k F 1)
7 AR I K JS 7 AH S H S R MDA &
ZEAC, B rh SOD iE M W E R E; 10 *mol e L7
ABA T Ah (¥ B, I IR I K S Bl 1 AR X H 5 R A
MDA & & W # B AC, R f POD 35 £ W 12 2 &1 ; 100
g L7 IR JRE B T AL LA B, AR L B K S R R SOD
I POD ¥ 11 45 2 2 $ wm, B AR L3 1 MDA
TR AR T, £ SIS ABA B B T Ab
PR, o5 W 4 R B K 4% A R B I b g A AL
FRYGEMG ISV TG b 2 KR A0 B 45 A 11 S R, PR A
20 B 11 M R MDA B . RS [ SRAL B PP



60 ®ok B 53 %

JVR o 1 P AR AR T P R AN [R], S A Ak B R
JR T SOD 3 P 1) 4 FH SE B 5, ABA Tl Ak B 4 & i b
POD 35 P 1%V FH 5 05 A58, i A 0 Ak 8 D) [) O 4 v
JEH H) SOD Al POD % 1. SOD BE4% fi L O, HL A
FIRJE =AM 1A B kAR Bk RN I AR
H,0,, i H,0, U548 & X Y38 e i 55, 75 22
POD Al CAT KiG bR AWFFTH, S5 P b 2 2 2
Pem TR0 M SOD (3% P, $& 7% A7 55 1)l 4
Hi R h 0,0, X — 3L F2 10 8 %, e AL A4 il i
H,0, Fi# CAT fl POD 4 it A 52 &=L E WK ; ABA
THAL PR B B T 4N R POD S T, B Tk
H,0, 7 il Jg /K IX — ik B2 1A 200 35 R 8 10 Ak B I %
E T R4 b SOD A1 POD (3G 1, A 3w T
B EEA A BN °H0, F¥% H,0, 2 #
KX 2 AT R . 3 R AL A ek 2 T
AOE XA AR TR FAE R . T, AR A
B A 3 g AR — AN T R 4 R G #E K,
SOD 5 POD M1 CAT St 5] ¥ir 1 & #1 H -

Bl 7 B KL R rp, BE2R CLEA R AKIE S 1
Fath 25 2R (155 WK AR R 2 G T O AR
(MG SR 55, 1998 R AL IR, 1999 & /K 40 4%,
2009 ; ZEHIEE, 2011) o AWF50 45 KRR U, S,
ABA ERERE TOAL B, S B TR R R
w. PR IE, KA E. K (Glycine max) « & 4
(Arachis hypogaea) 55 Fl - & & FHH K ik 74 v it 7K i
P ) 78 A 30 R R i T L K 5B S T M B A G
(Black et al, 1996; Blackman et al., 1992; #7 g 3%
&5, 1998) , 1A B ST R F 7 5 DR R 6 R) B IE B
TR PERE S B K P 1 ¢ & (Holmstrom et al.
1996) . AWK, B 3 2 78 B K B 241 21
T A B 53 005 40 5 R R R L A O SRR T LUAR U M v
k& B B4 (Leprince et al, 1990) . B 2 AE Fh F i 7K
bR AR R O AT D3 I BA R 7 SO SEI: 1)
B 7K BT, e (1 R RS mT AR R L I B RN G At
K7 H 7K 43 ok 1 v JBE L 2R 11 o 45 ) R ) AR
P (Crowe et al., 1988) ; 2) Mt 7K i, 7K ¥ Bl A1 kG ¥4
AT LA 15 B DR 4f T T R 3 B Ak IR A BH 1k B
G 3B Ik (Koster, 1991) o & _E TR, /K gl #0
b~ 2830 B VR P ) SUAL S L ABA IR B T AL S K
T B8 7K 3k 2 e I KGR T R 1) B8 v T BE AT
(R AT DG, ] v MR R B T AR TR
I B e M, AR R T e AT B K T BUIR S R I fg,
WS T AR BR A8 D0, AT A B B8 HE AR K
405 5 PR g K

4 4iig

T H S AR5 (10 Pmole L") VABA (10°°

mol L") FIFEHE (100 g+ L~") il kb Bf AE 0% $2 = 7K #h
N 7 AR B 7K 5 1R 1 A B D) A CABA RN
BI04 B 6 0 S 4w G I K A R Bk T R
PUAA AL RGeS 1, O L Hh 4 1 40 i S 5 A 1 o 3
ML BRI 0 3 T 4B R MDA &, 3R R T AR
I £ AF RO B K M . S S L ABA T B Ak
F ARG U M 7K I R o o S e T e B A
I, 3 AT A Bh AR L A5 T K AR 3 T e R
JARZ
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