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Abstract ; The sugarcane variety GT28 was employed as materials in this experiment. The young seedlings
were sprayed with abscisic acid (ABA) and its biosynthesis inhibitor, sodium tungstate, before 12 h of
cold treatment. Leaf +1 and tender root samples were taken at different stages of cold treatment. Malon-
dialdehyde (MDA ) contents, active oxygen species ( ROS) levels and the activities of antioxidant en-
zymes were determined during cold stress. The results showed that the activities of antioxidant enzymes
increased under cold stress. After ABA application, the content of ABA and the activities of superoxide

dismutase (SOD) , ascorbic peroxidase ( APX), catalase (CAT), peroxidase (POD) and glutathione
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reductase (GR) increased, while the contents of superoxide anion (O, + ), H,0, and MDA decreased

in sugarcane seedlings. But when treated by sodium tungstate application, the results were quite the con-

trary. It can be concluded that ABA and its biosynthesis inhibitor have an important regulatory role in the

antioxidant protection system in sugarcane seedlings under cold stress. The cold resistance in sugarcane

enhanced by ABA application under cold stress may be associated with the induction of antioxidant pro-

tection system.

Key words: cold stress; abscisic acid; sodium tungstate; sugarcane; antioxidant enzymes activity

IR A ) 7 5 A K AR E S R AR )
BB 57 N S A N 11/ ST 2/ TR D
AL AN A% 5, I8 Sl &l B A8 BIL AR o
7 IS 7 AR 3 2 B9 R ( ABA ) I3 B8 R R
BESHT AUERE T ES ABA 5 EHNES
T PRI R, DTSR AL 38 PR AR A5 5. ABA /R Ry —Fib
B AE S TE VR T AR A P ) 5 ) - A i S i 3E
PUPETy A R4 AR DF9E 3R], ABA LbBEa] L)
AR ARIR R n Y Ak A e S &R
HCHURE ST, 175 2 AH OG0 5 PR e S /K1 1 3638 L
ISR A B KO B AT E . AR A (Sodium
tungstate, fij FK “ Tungstate” ) f&—Fp ABA & 3 31 76l
e LA ABA 5 it # b ABA AL, (i
ZANBEFE AL ABA, AT ] ABA 15 1k, 7 5
ABA {5 5 Uhfig & A BaAs . WFFTIESE, ABA (4 i
IR ) B3 TR AP R ) ) 10 ] A 2 Py 3 B R e
SRS AL RS SR fE 6
T ABA K HA A A ARG T R T FE 1 1 5 ) e
DLARIE. AREF MR ABA K4 G i 57 44 12 B
WSt H R R WS T ABA KA LA A R0 X8 A ek P
R HRE AR GT28 i B AR & g A A AL =
(MDA) EA B v A M A (0, - ). A8 kA
(H,0,) & & DL Rt S A DR 37 i % 1 55 5 T 52 W)
IE SR AN H] ABA FEARIR B8 VR 2 4> B4
7 ABA TEH EHTIEAE AR FIPLEE, Ry H REDT T4
BE PR AT 22 11 PO R S R AR B

1 H5H®

1.1 #f#

HREAR B EERE 28 5, il P A B2 B R
WFgE L.
1.2 HEEFRIEE

5T 2011 4F 6—12 AAE) YR A B H
FRE REIR S RIS T. F R 28 5 B 2F b 25 i R A

BES ROV S ATV 0. B3R 3 S UK H—
MM % Hoagland 7 373 (pH6. 0) , 7K 55 4l
B S 25 em x 30 em( AR x &) , B 5 bk, AR
BHRWS LA 3 d 4 1 WE IR, i bR R B,
AR ARG 1 h T2 1 %, AR 10 min. 7575 A
HE KM (20 ~30 °C) KB 1A R H R K&
5 ~6 MBS AR HEA AR AL 3. Ab 300 s (DR I A 3
(KR 4 QAR + 100 wmol/L ABA 4L 34 ; @
U +5 mmol/L ASRRANAL FILH. ABA %45 R 4H 5 e 16
RIS FT 12 h JEAT , (RIRAL BH A 3 A A X B, 15
T P L2 P A W A3 A . G IR 3 B, R 0
C, i N 250 ~300 wmol - m~* s 12 hyEJE T,
FAXHRHE 60% ~70% . 43 B TR IR AL B /5 0,24 48
72 h SRAEH ES AL+ 1) R SRR 2435
TR, G T - 80 C kAR, B AR 6 A 3
P&

1.3 WEFESH*

A D2 e ) S P ARG 3 I o0
52 W G e 10 & o FE Al A 2 2 o S
AR I ANTHOS - 2010 BR300 5E. MDA £ it
W 5E R A A LB R O, « AR
AE 2 B Al 75451 Oy 15 1,0, 50 5 1
Brennan 45" )5y s i S AL AU ( CAT) 3% P 52 2 I
Chance 45" )5 i ; 32 48 (L W T (POD) 3 PRI 2 I
Wi Jrk, LIRS Do 0820 0.01 58 U 1
ANEETE 1AL (U) 5 88 A AL (SOD) % 4 ) 5
SRR Jr s, LA H NBT Jefbif 5 50% fif
TRHIBERE A 1 ANERE 2R (U) s PUR M A
it (APX) 15 ML 8 2 B Nakana 20%0 95 5 25 B H- ik
S JETREE(GR) W P 2 18 Schaedle 45 .
1.4 BN

R SPSS 15. 0 B HE4T Kl )y 2503 b, R
LSD JAHEAT B MR 56, Excel 2007 3T H045
BRIERE.



358 1

[ S A NI S

534 %

2 HRESMW
2.1 {RIRAMET ABA T & B 05 3 H B 40 8

ABA #1 MDA &2 /80

B & LA F 1B AP IR E T, HRE e 5 rp
ABA Fri it EIHE G IR ABA & &=IETHE G R
%, R ABA & &m TR 5RLG AT, L
i+ ABA PRI 2P T OH R AR & ABA
)&, A F 0 ~72 h B 2r B4R T 11.9% |
23.0% 24.4% 20.4% ABEFHRIRE T 16.3% |
19.3% 20. 8% ,28.3% ; (IRl + 3 1R B 4k R IN) 5 2%
REAR T H BE 5 AR R ABA i fEALFE 72 h
Jo RN B 4350 R 18. 0% F115. 3% . i ]
ST ABA fEF TG MME T ABA &4, mish
MRS FR A M T MR ABA 145 AL

L100F 4 2 600f g
a
Fa 7
w0 850} g 450} T
5 =F
= 600 ap =K 300t ¢ W
< 350 Z 150f g
72
107
%
s 8 L T H
24 48 72
fau/h
B IR ) {KiR+ABA IR R 4

A P AR TR I AL AN ] b A B PLR A — AR RN R, R 22

FAREFE(P>0.05,L8D k).

B ARIEME T ABA RS IR H R4 # ABA F1 MDA &
IR

Fig.1 Effects of ABA and sodium tungstate on ABA and MDA

content in sugarcane seedlings under cold stress
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Fig.2 Effects of ABA and sodium tungstate on production rate of

0, + in sugarcane seedlings under cold stress
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Fig.3 Effects of ABA and sodium tungstate on H, 0, content in

sugarcane seedlings under cold stress

2.4 {RiBAMET ABA K& B 7 33 H 5 4h # B
E R R

2.4.1 CAT % CAT EH YK NI 35 R
H,0, MEZORY L. & 4A F1 4B AT H0, AR P
BT, H B R CAT 3% M 2 56 T 5 Bk
s R AL P 48 h 3k B g5 s HREAR R iy CAT
TG PR 2B TR, WA H T, M 5 ) CAT
TEPEZ S TR, SR EAH L, G + ABA 4b 3
WA S T HBEr R AR R P i CAT T5 %, Ab 3 48
h B, 0 A CAT (3RS T 18.7% , M & b CAT
TEPESRE T 7. 4% AR + F9 IR Ah AL 3L 55 ) BE L ) i
FREAR T HBER AR R CAT /36 Pk, IR b ae
48 h it FIAR & v CAT 36 P 43 B FEAIG T 14. 8% i
16.9% .

2.4.2 POD &M MEAC F4D 0 FH KR MHE
T HEEM AR & o POD 3 M3 2 5 i 5 FEAIR
(R AR IE 48 h SRR AR & POD
G E TR SACRAL A L, (IR + ABA b
Wl HE e 1 H e AR & g POD 35 P IR IR
18 48 h M5 IR F rh POD {5 3 & 73 3 Ay 15. 4%
5. 5% , 26 5 W3 AR + B IR ANAL ¥ b PR T
HEER: 5 AR R o POD 5 7EAGIRME 48 h, ity
FIHE Z H POD 1 MR 4330 5. 3% 1 18. 6% .
2.4.3 SOD & SOD J&AH WA P f T 5 1 B 4
TE PR 2 2 — , B AT D G2 il 30 53 %) A bk it
B33 AR MME T, HREM 5 AR & rf SOD {5k
TG T REA G TR FE 24 ho i, 353
K (E 4E F14F) . S5I0RAFEA LG, IR + ABA &b
PRI AR T R g AR R Y SOD &k, b3
0~72 h iy B SOD JE 4 B 55 T 21.3% .
52.3% 36.8% 44.9% , fR Z  SOD {4 73 il $2 1=
T 19.2% 43.2% 74.6% 33.9% . {LIE + B i

FUXTH L B4 AL R G 359
~130 130f
B:#R
100} 100t ba a

%a%

70f

!

W%

2

CAT 3%¥#:/(umol- min™ - g")
~
(=)

R

40 075024 4
tﬂ‘ﬂll/h
. 80f 600r
= D:# a
£ 7
£ 60} 500} %
= 40} c 400¢ gé
= 20f 300¢ E? ¢
S = ER
= H B /5=l
0 24 48 72
/h
~120r
s
&
o
=
2
2 £

"o
€ 400}
E 300}
g
5300} h
# 200}
¥z 200t ]
<100 1100 i
~300 3007
b
€200} 200}
5
£
= = 3
5 100 = E 100}
o g
&) 0 B4 0
0 24 48 72 0 4 48 72
Lym/h tym/h

BRI HH) fRIR+ABA B RIE-+ESMR N
A AR R TR AS [F) Ak BRAE T 1 LR — DR NG 83, 7R 22
FAREE(P>0.05,L8D k).
K4 ARIEE T ABA RSB X L) v e 15 1 4 52 e
Fig.4 Effects of ABA and sodium tungstate on activity of en-

zymes in sugarcane seedlings under cold stress

PRI B R T H e 5 FIAR & b SOD 5 Pk,
AhFE O ~72 h i B4y BIRER T 25.3% .23.7% .
32.3% 18.4% MR Z S BIAR T 14. 0% 24.8% .
20.2% 25.6%.

2.4.4 APX &M APX ZHEY P OLH R G A
TR H,0, B SCHEEE. K 4G A1 4H 08, KR M ia



360 1

[ S A NI S

534 %

T HREEM b APX 35 2T R S T R G T
IR A 48 hik 3 s AR ZR v 4 A Ak BRI R 1Y
APX {E AR AN K —30, IR + ABA FIIRIE + 23R 50
AEFRERI A b AR TR AL BN S % - T - B
B Z T WA APX G HEEAR T . 51K
TRAL AR B AR ABA A0 S 4 i 1O R
FIHE R APX %1, BB 48 h 1 FIAR 2 (0 3 i
G31R 33.9% F1 7. 3% . 55 %F HALAH ELARIR + B35 1R
AL FRIEAR T H REAR R A e iy APX 35, 7RG
TRALTH 48 h B}, WS 2350 h 7. 8% F120. 2% .
2.4.5 GR &K K 41 F14) o]0, KR + ABA
SO HREM b GROIGYE R T - B - A IR R
H GR UG PR S T 5 5 BRI, 7E AL 3 48 h i3k
Bl e SRR O B AR L, IRTE + ABA Zb 35
FPem TH B 7 FAR R B GR g MR, 7E IR M a
48 h B, M FIAR & v GR G PR3 B4 T 46.3%
F169. 8% . Il + 751 B b B 5 X BE LE U] ARG T it
A AR R GR 3G AL B 0 ~ 72 h if 5 H 3 31 R
T 13.5% 39.0% .22. 4% 30. 5% , K3 2 43 5 A1
T18.2% 8.7% 13.2% 40.2%.

3 i

ABA 1 —Fh B0 R, 7 A8 ) HRAE IR I ol 3
R B AR . A T AR N Y ABA 5
I, WISME ABA Ab BEAEHE— DA AR AR N
9, 1 H i 4 T B R K AR g R, T
HEL) 1 SRR 5, N ABA 55 BE W iy B 2
P, At ABA 5k — B84 T H e A A
AP ABA & i BRI —FP ABA & 0 il
B R LmH] ABA 5 nid B AL (AO)
fif ABA BERRERL 1L ABA, NTTTHI ] ABA 144
A B P A X AR PO TERIF ST R &
AR T, R B ISt ABA RIS R AL B , A
PERLA N ABA £ i T B 5 U4 R A b BRI, IR I
SRR ABA BRSO I B, 5 A 30 45 R A —
0. Uk B SIS 1R A A0 B 5E T B0 ) ABA AR A
I, AR T R R N ) ABA JKAF-.

PR E B SR A TGS | I S AR ARG
PR O] RE G . E A S DL AR
TG A Pl R 1 7 A R B, 78 AR Al A 2
FPra A R R G rY U3 )4 T A T 3l 288 IR
B ASHAEY. ABAEEE CIIR) 2808 T, X il
ST T, T B0 P S 4T AR ) A0 L Y
R LI 1 S I 1/ STE R W
Girk g Hy0, 8.0, - PEAEER T, 51 & T

B3k 4040 77 ) MDA 4 42 &5 F 4R Ak i 3a. 15
A8 TS S R — RS — ISR AT R I,
AR IR T H R AR R b 0y - AR
H,0, F1 MDA ¥ &, iX 5 HAWAEY) H id iz 8 4H —
P AR BIE— R T EIRBIS  ABA 4b
A T A TEARE MG T 595 & UiW] ABA fig
WA T RETE AR IR T by 22 10 07 P 4 e P J
Jg it AL AR A A E

M TSR M E L RN R T —
THERA I B AR BUEALORIILER, L R B
X PSR 3 48 AL 7 0 3 B A 2 T A A SOD 2
TR A BRI PR AR S — B B 4k, WAL 0, - [
P % 2R Ak S B, AT ZE TR HL,0, 1 0, , LA BR
0, - . MR N CAT POD  APX GR 45 {4 fiff 1 #F
AT LATEBR H,y O, FEHRAETE M 800 % b R 55 s 2R
FI. DR 0, ML AL R G ABA 55 R4
PRI T AR 2R S8 10 R385 6 1
T At 3 U AR . FEASTRSE AR IR0 T H B b
FALSRAPTE CAT POD ,SOD (APX | GR JF PE#R R H 2
L IX 5 ABA [ UH R BHE 6, (H ik B S T AT
BRI B [+ T2 B2 9 e, 02 by T3 MR
ARG TR A BT, 20 52 45 BT £k At
ABA SRS, JLANL A AL SR B I P — A0 4 5 5 T
FH ABA & AR B FR e AL B , B AT 3 14 BH i
WA, PRI, A B Ay ABA Ak B A AR R B 38 R 1
TEPUIE S 3G, X 5 T XU A LR i R S5 T
HYIH .

S 3k

[1] THOMASHOW M F. Plant cold accliamtion; Freezing tol-
erance genes and regulatory mechanisms [ J]. Annu Rev
Plant Physiol Plant Mol Biol, 1999, 50. 571-599.

(2] 25w, 2R, A , 4. AR AN [] v SR TRE
PR R — LA PR AR S 0 [T ] AR R AL R4k
2012,33(2) :178-182.

[3] ANDERSON M D, PRASAD T K, MARTIN B A, et al.
Differential gene expression in chilling-acclimated maize
seedlings and evidence for the involvement of abscisic acid
in chilling tolerance [ J]. Plant Physiol, 1994, 105 331-
339.

[4] HU X, JIANG M, ZHANG J, et al. Calcium-calmodulin
is required for abscisic acid-induced antioxidant defense
and functions both upstream and downstream of H,0, pro-
duction in leaves of maize ( Zea mays) plants [ J]. New
phytol, 2007, 173(1) . 27-38.

[5] JIANG M Y, ZHANG J H. Involvement of plasma-mem-

brane NADPH oxidase in abscisic acid- and water stress-



3 4]

B AEE R R B R KA B R H A R RS R

361

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

induced antioxidant defense in leaves of maize seedlings
[J]. Planta, 2002, 215(6) ; 1022-1030.

VPRI, THRAS, &80, %6, ABA TEHY) 20 i BT AL 1L B
PR AT ], b AL R 2 22 417, 2008, 13
(2): 11-19.

HANSEN H, GROSSMANN K. Auxin-induced ethylene
triggers abscisic acid biosynthesis and growth inhibition
[J]. Plant Physiol, 2000, 124(3) . 1437-1448.

JIANG Mingyi, ZHANG Jianhua. Role of abscisic acid in
water stress-induced antioxidant defense in leaves of maize
seedlings [ J]. Free Rad Res, 2002, 36(9) : 1001-1015.
BELLAIRE B A, CARMODY J, BRAUD J, et al. In-
volvement of abscisic acid-dependent and independent
pathways in the upregulation of antioxidant enzyme activity

Free Rad

during NaCl stress in cotton callus tissue [ J].
Res, 2000, 33(5) : 531-545.
AIRGE, . R BR B S R AR [
T ALIRRRAEOAR AL, 1996.

LI Q, LI P, SUN L, et al. Expression analysis of 8-gluco-

M.

sidase genes that regulate abscisic acid homeostasis during
watermelon ( Citrullus lanatus ) development and under
stress conditions [ J]. Plant Physiol, 2012, 169(1) ; 78-
85.

LA, XA, R ol AR A P SR 4R S [ M.
e E AR EOAR R, 1998 :120-164.

TRAEZE XHE T . A A B S R (M. 2 B 3k
FH 1L T RHAHOR ik, 2001 £ 187-189.

BRENNAN T, FRENKEL C. Involvement of hydrogen
peroxide in the regulation of senescence in pear [ J]. Plant
Physiol, 1977, 59. 411-416.

CHANCE B, MAEHLY A C. Assay of catalase and perox-
idase [J]. Methods Enzymol, 1955, 12 764-775.
PR , £ e, R A 2 SR dR (M. 2 B )
M AR BT R e, 2006 :72-73.
SKRLA, S5, R R A A P s HR (M. e
5 SR U, 20001 141-142.

NAKANA Y, ASADA K. Hydrogen peroxide is scavenged

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

by ascorbate specific peroxidase in spinach chloroplasts
[J]. Plant Cell Physiol, 1981,22; 867-880.
SCHAEDLE M, BASSHAM J A. Chloroplast glutathione
reductase [ J]. Plant Physiol, 1977, 59 1011-1012.
LIU Jun, JIANG Mingyi, ZHOU Yifeng, et al. Production
of polyamines is enhanced by endogenous abscisic acid in
maize seedlings subjected to salt stress [ J]. J Integr Plant
Biol, 2005, 47(11) . 1326-1334.
IQBAL M, ASHRAF M, REHMAN S, et al. Does poly-
amine seed pretreatment modulate growth and levels of
some plant growth regulators in hexaploid wheat ( Triticum
aestivum L. ) plants under salt stress[ J]. Bot Studies,
2006, 47.:239-250.
JEL G PR K ABA K HAS RN A 0 %) A AR F BT
YRR ALEE G PE R 2w [0 ], k5 4, 2005, 14
(6): 94-96.
ARAGTK, S, 1 S R AE IR Pt Xt K R 6
- CRAP B P A B PR [ ] W Rk K77
#%,2011, 37(6) : 581-585.
PRITE G0, 22050, 2. ARIELUME R RAEZE A5 X
FRYEOCA A AP RM RS ER R [T]. 1Y)
2£4,2012, 38(2) : 352-359.
KA, m AL, BR L AF. AMBUK A RR A KR A i FE
sz [ J]. VLAl Bl ,2012, 40(6) & 62-65.
Aex, SR ORI, 2. VWAL BEXT RS T MR
B R B[], PERP R 2011, 44(12)
2523-2530.
YANG Quanhai, LU Wei, HU Maolong, et al. QTL and
epistatic interaction underlying leaf chlorophyll and H,O,
content variation in rice ( Oryza sativa L. ) [J]. Acta Ge-
netica Sinica,2003, 30(3) . 245-250.
PR, T MR AR A TR R S S R A
5 P AR K 23 B e 1 [0 ] A 24l
2006, 26(6) : 1912-1919.

(BEHmE ALa]



