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Effects of sodium nitroprusside ( SNP)on physiological characteristics
of alfalfa seed germination under osmotic stress

ZHAO Ying, WEI Xiao-hong, MA Wen-jing, LUO Qiao-juan, SU Mei-fei
(College of Life Science and Technology ,Gansu Agriculiural University ,Lanzhou, Gansu 730070, China)

Abstract: The aim of this research was to investigate the effects of exogenous nitric oxide on malondialdehyde
(MDA) , osmoregulation compounds, and antioxidase activity of alfalfa seed germination under polyethylene glycol
(PEG) stress. Three alfalfa varieties were selected, Algonquin, Golden empress, and Sanditi. The seeds were
placed in Petri dishes with filter paper soaked with PEG for germination. We measured concentrations of malondial-
dehyde and osmoregulation compounds, and antioxidase activity. Our results showed that SNP+PEG treatment sig-
nificantly decreased MDA content of the seeds compared to PEG treatment. MDA content in the seeds at the sixth
day of germination decreased by 23.11% in Algonquin, 21.81% in Golden empress, and 30.38% in Sanditi. Com-
pared to PEG stress, exogenous application of SNP+PEG increased proline by 13.71% at the fourth day, soluble
sugar by 18.57% at the second day, and soluble protein content by 9.23% at the fourth day in Algonquin seeds and
they reached the peak values at those time. Those 3 compounds in Golden empress peaked at the second day by
20.96% ,16.84% , and 5.48% , respectively and peaked in Sanditi seeds at fourth day by 17.87%, 17.52 %, at the
second day, and 13.40% at the second day, respectively. Furthermore, the activities of 4 antioxidases, superoxide

dismutase (SOD) , guaiacol peroxidase (POD), catalase (CAT), and ascorbate peroxidase ( APX), increased
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first and then decreased and peaked at the fourth day. Compared to PEG stress, we noticed that SOD and POD ac-

tivities of Sanditi seeds were 2.76 and 1.21 times of that of Algonquin, 4.10 and 1.21 times of that of the golden

empress , respectively. Our results suggested that, under osmotic stress generated by PEG, the enhancement of exog-

enous SNP on alfalfa was mainly embodied in the osmoregulation substances and antioxidase activity. The sensitivity

of Sanditi to NO impact was greater than that of Golden empress and Algonquin.

Keywords: alfalfa; exogenous nitric oxide; drought stress; osmoregulation substances; oxidative damage

LALH 15 (Medicago sativa ) JF8 FE PG AL HL X ™
AME R B TR, BT AR AR A A,
P R ez 100 SR B Ol B TRk kR
R E AR R AL T XK S il
5 (HTERD T B & 0T Ak HL R & 0 i
AR B H T IR A W R U™ RS, BRI, 45
THEAEH A8 Bl 7l % 2 A b 0 82 LA (A 2 6
B,

NO & —MHEZE NG540, T UMY
il R ARSI AR ROS AR R, /b 45 A0 1 AL AY
SRR, AT 25 AR 4 A 38 R RE ST 5 TR AR AT
DAGERERD T8 % RGO 5 i A 4 21 2
AR RS S5IRA T RN RO EE
XA AR A H A EER W, ERYEN NO
FEE L — AR A (NOS,ECL1.6.6.1/2) Flfil 2
5 (NR,ECL.6.61/2) AL TE B °'°", NI NO
7= SZ AE P D R | 220 AN B S Y e IR Ak R 55
ZAE R RN (SNP) & —Fh E Y NO
ﬁuZIK,DeHedonne %mliﬂi’% 0.5 mmol - 17" SNP Bk
£92.0 pmol + L7 NO, MR NO 7] 48 =5 IR NO
I, S WFIE R A ANE NO 20 M JH T i R
¥ OCE VIR 26 e 10 217 22 0 20 A B R
HAPEERY RIE o] LA S 5T A AL 6
BEINA SCEE A 55 s AR 0

FEP L BE 77 BEAS 1A % B By B[R & A
AR R e IR AR X s 3 - R
AT 3 — o S AR R e R T A ) A M X
FERERE T, A O B 18 A A S N M AT
FIHGE B AR, 055 5 [ 1 MK 25 7K1 3
AL KAy K AR R W R A e
T 52 M W B 5 P U NO 7K 7 2 E A G, FikoR
&R PEG IIEJR NO P2 A2 AR, Nt 52 fUsemy
P, BT, BB T ANE NO XA [E 5 fh L8
A6 1 0 00 B 5 e R A DL ARG . ASBIE 5T LR A
B AR SRR K] 4 4 R RN A5 R AR, B ST
HMIE NO X2 A TR E A i R L R B
BVHTTYIE B S A B M B AR L R, IR T R
TR NO X 75 Fh 7 8 & A ML, AR T

SR DS AR A I e R A A i A B v
PR AL

1Bk

1.1 REd 5 b 1E

AR AL A, 73 08 B AL BT R
& A B & RGP C =R T H R A A
AP BB

TR 36 B4 5 R0 1 E RS AP, 20% NaClo
SVRIHEE 10 min, 28 7K M0k 5 Wk, I R8T
ZKA10.1 mmol « L™ SNP ¥ FE BRI 25 N IZ 0 48
h, AU HE S R T 3G U2 8 4R 0 B SR L
(=9 cm) H BRI 50 R+, BEALHIH A =K ,2 d
JE AT TRl S E LUT 4 AL EE L 2RI K Ry ot
P16 B (CK) 0.1 mmol - L™ SNP(SNP) ;10% PEG-
6000 (PEG) ;0.1 mmol + L' SNP+10% PEG-6000
(SNP+PEG) ., #5534 K 10 : 00 H 4t 4 mL
SR DA PR B — 3, Fr A G LS R 45
(25+1) °C ;80% AHXTIR B ; G IR/ R .12 h/12 h;
PG FE 400 wmol - m™ - 7', A BITEALFEAY 0.2 4
6 d e AR A FFE bR
1.2 MEIIRSHE
1.2.1 A =B(MDA) 4%
(TBA) e taykin =12 |
1.2.2 H&FAT WA HERR (Pro) & &R R
KB =kl e b S R RN L
EPOENEAT R RS S G-250
O RE
1.2.3 #AMBGENE  HBEAYEILEE(SOD)
PSR Lio %77 (05 g2 5 i3 LY (POD)
IEPES IR Shi 457 A5 BRI IR IR 13 A AL
il ( APX) T P2 IR Nakano F1 Asada'®" it 77 B &
it EAL U (CAT) TEPES I Aebi™ 75 LT E
1.3 ZHESDH

RIS R K H Microsoft Excel 2010 #4740 ¥ &
YEE, Fi SPSS 19.0 #X {4 Duncan ¥ #1748 11 2% 5%
Br, 5088 R 3 S +SE” R, FREAR R 6
ZRAGIFE L,

R ABACE H % R



5 6 1] B

FAG B B (SNP) IR AFH XS B Z i T AN [R) 5846 B A 3 A A AP A 5 65

2 AR5

2.1 SNP #®EF I PEGC BhiE TEHEEMF

MDA & 2/

WE 1 7R, PEG A~ 3 N dh A &8 H 75 Fh
Fri MDA 5 2 56 25 JBlr 200 Psf 8] £ 28 4 2 728 7 T i
SNP+PEG REARAMH MDA AU, 7855 6 d I, C
fn il MDA &+ F RAE 14.35 pmol - g7', &5 F A
M B 1Y 1.32 £5,5 PEG 4L BUAH EE , SNP+PEG 4b #
T AB.C fF MDA S &0 3 TR T 23.11%,
21.81%F130.38%, LAl WL, B &M E T 5 Fh C
t MDA FH 8 & % K, A2 A& W aE g o B ss, 3
SNP = Ffon HAR AR A5 07 0 92 iV FH Ao
2.2 SNP AREMX PEC BB TLEL BB TFE

BETYRESENRM

FHE% 1 1,0 d A4 A0 B 2 [ 22 R 75 12 G i
#2225 B PEG Wha B[] (2B, 3 L R SR AL E 1S
Pl &2 R IR IR & E e e R, A 4 d
I 2R & A B KA, A B FI C E 400l
460.95,262.68 g - g ' F1277.18 ug - g ,SNP+PEG
It PEG 403 A B, C #2012 2 1 3G 1
13.71% 16.46% 1 17.87% ,

M1 T 5 CK AL, PEG Wil R ] 5 M
PR, G E S A1 A it B R
SERWEERN A, SNP Bt T EAE
fERh s S R, OB 2 d I, AP A AT
EVENE & B iRy, M 27.48 mg - g_l ol R B
1 C ) 4.82 £5F01 2.42 £i%,SNP+PEG 5 PEG AbFiAH
o, A B C bR Rl PR & o A3 i 1 15.78% |
16.84%#1 17.52% ., ALPRE 6 d B, SNP +PEG Lt
PEG #b3dt A B C 3 /> Bl AT S VEAE & = 2 ] 42
T 40.24% 20.34%F1 14.24%

AIENEA S 2N ST E kAL, H
1 AT £ an RS AR A BT At B v AT

4 H B 7] Treatment/d

Ak ¥R} 8] Treatment/d
OCK SNP

LE 7] — AL B A ) 7 Bl 2R 22 53 83 (P<0.05) , Rl

BT EEEEERGES, &8RS ZHAES2d
IRBRKAE, BT /R 75 4 d B R{E, PEG
0 L CK Al H & B W & FRAIL, A5 2,4,6 d
B AR 5 240 A S b ARl B> LA €, SNP+PEG
5 PEG AbFHAHEL M T E A S &, H
eSS 6 d BEE AR, A B .C Al E A &
1E SNP+PEG 4b 3 43 il 72 PEG 203 T 1Y 2.25,
1.31 .1.16f%.,
2.3 SNP AKEMX} PEC BME TE BB Fi
SUEFEENZm
2.3.1 SOD &M WK 2 Frs, &6 fh 785 & M
SOD J& PEBE T 5 W38 B 8] (14 2E 1 2 510 )5 R 4,
HAEARHES 4 d {51 K, SNP A3 T B A& Fh 8
KRR SOD iE i K, SNP+PEG [t PEG 4b B i
ERERE T SOD WEME, FEALHEYE 4 d, A B.C ShFp
SNP+PEG [t PEG AbFE SOD i& 43 ) W # e m T
12.84% .8.65%F1 35.49% , i 4 Fh C 1 SOD 15k
ZANE NO SEMREEA
2.3.2 POD &M WA 3 N, H1E M1 POD I%
PEAE R SOD IG AL, AT R REBHE T
AEPRES 4 d IKFORH. 5 CK M I, PEG 4bFRAY
POD Ji P FEAR , i in 7RI NO 28 T iz il 78
REFEEE 4 d,A B .C &F POD 3514 5l 48 CK 34
T 53.99% ,54.24% 1 65.56% , i SNP X POD 7%
PR R,
233 CAT &M WK 4 iR, CAT iG i #E & 2
i ] 1) B 4 3 T v, FEAL FREE 4 d SR B K AH
an A A FESE 2 d R 6 d BPARI R o 25 e FEAR B 4
d,SNP+PEG 4b¥RY CK AL TG 3 22 %, HE PEG
AEFR CAT 1GVERE T 17.31%, &4 %0 B 7EALFRES 2
d %5 4 d SNP+PEG 5 SNP AbHf CAT 7E M2 A
B, 5 PEG A #AH L 4 B2 & T 19.96% A
17.35% ., &hiFh C 7EALTRES 4 d T4 6 d SNP+PEG
Lt PEG b3 CAT i PEE M T 12.80%F1 40.86% .

~ M RS o 2 ®ERE s o [ ©=#w -
! = R i T =

@ ot Algonquin a = o} Gloden empress E_sg b o 14 Sanditi %
t e r g K10 — =12} &
§§10' EE 8t bk Ei?; g§l2 a %.
EZ = ] “=10F — <4
g st L o = %:,0‘ 3 o N o
— o =< 6F 3 %’:’« =2 8F ::: ':::
HX 6f i < i s B 5 LAl &
a a s g el LR Ak
= = 28 e A (11
<= 4} < = e s M
S S of i E T
S af = " R |
0 _ 0 fa 0 g kS

0 2 4 6 0 4 6 0 2 4 6

Ab ¥ 1) 8] Treatment/d
BPEG B SNP+PEG

Note: The different letters in the same treatment time group mean significant difference at P<0.05,the same below.
Bl 1 SNPERRMX PEG BB TEEEFEMTHLIER MDA FEIRIY
Fig.1 Effects of SNP acid on MDA contents during seed germination of alfalfa under PEG stress
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Table 2 Effect of different treatments and PEG stress time on alfalfa resistance during seed germination
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& 2 & & Proline content 138.46¢ 150.44¢ 177.26b 203.35a 169.12b 212.33a 185.26b
P HERE A A Soluble sugar content 4.91b 6.39a 3.76d 4.22hc 7.85a 4.84h 4.13b
ZARF] [ F & Soluble protein content 48.57b 52.60a 41.75¢ 46.99b 57.98a 53.87b 34.25¢
Sanditi SOD {F M SOD activity 120.31b 140.29a 106.70c 133.99a 84.57¢ 153.79b 172.13a
POD i POD activity 148.47¢ 215.24a 119.27d 184.51b 171.23b 213.87a 156.91b
CAT i CAT activity 28.16d 43.63a 31.37¢ 39.33b 35.41b 48.37a 32.49b
APX it APX activily 1.28¢ 2.05b 2.13b 2.77a 2.18b 3.22a 1.68¢

H BTRE4 5 4 25 T i &R & 1 4% Ak Bl e 24
S AR ER S 2 SRR S 22k
AR, APX BTG PETE SNP+PEG AL FE R £,
A3 LA A3 B T AN NO RE NS 3 R A T
S8 T A E T R b A AR S T, AR IR AR I
A, SR TP RE

XoF b BRI () 547 22 R 2 25 4 M ml A, 3 i
SAELEfE AP+ SOD , POD CAT F1 APX [iff i 14 ¥ 1E
55 4 d Wm0 =3 A F0 7~ SOD 1 EFE ] & 0955
6 d FHEGE ; MDA & & Bl & T 5 W0 sk (] 14 o i
BTG, AN TR ) [A] 22 57 B, =49 F 5 A MDA
TR, AR S BA RN 3 A AR

554 d B SR AE, MH TR <) 4 7F 45 B a] 55 T 22 5+
WEVE, 4825 = AR 5 R AE AT I R R AT
B GE AT B E RN, L FEE 2 d
(RN
3 3

AR T ANE NO XF T8 N A E
TR R L S PrE e R, 455K M,0.1 mmol
- L7'SNP 12 F ] B i FRAK T 238 T 18 & 75 #
Tk B MDA 19 & i, H Bl T 52 b 30 B 8]
A3 AN MDA & =34 K, #4540 3 MDA 5 & 22 7 3
Ko ZAFE A MDA & 250k, Ul Hbt k&

7
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FAG B B (SNP) IR AFH XS B Z i T AN [R) 5846 B A 3 A A AP A 5 69

55, BT 7R b 4 BT 0k A, XS B IR D 95T
—E, FEHRIE 4 d =SS AL EL R Y 2 5
2 BB INE T SNP X =155 MDA & & 2 i
VEF B . 45 L RTR , =430 L Al A 5 b BE
INURHL BN A MR NO i 2 R 1Y) FH B2 2 A 4 )
Ba i ) —Fp B ZARYHLE], BEASTE BR ROS JF4 i
PrEAALRE S XS D B g R W I an R g
FHAEM T LR AR S BB E LA, AR
W SNP Kb BERR S22 A £R W 30 X Rl 19 43 35, 32 &
2R & &, Hirh 2L 0.1 mmol - L™' SNP S5 5 it
fE. AR 0.1 mmol - L' SNP RE i & 25 T i
R E AL B i, TR T
BIREmFNHER S ERkE, 2 2FRZ, =15
Fli/b (B PEG MriE T SNP 5 il 2 iR % 1 7Y
PEmRRA R, X ULEH BT /R 54 4 A B8 % 0 T B
W BRI R AN A A S E . A A B
PEAATRE 189 T RIUR i 4, (H HB 33 915 4 T A2 A1
SNP sZMEK , BL45 R 5 MDA & 28—,

T~ & 1% 2ok R 5 R o 1Y) g o 2 R A
WEh S R IR A R B AL ARSI AN
FIT, 248 T & 2R 3 eI 5 ) S5 5 Ak R /N o T4
BT, bR B A K R E R AR AT A0 35 BRI g
P AR A T R A A s A R R
SR R SO T R B A A R T FE RE
TR AR SRR AR A B ik AR v R R A AT
VMR T F B ] B R i 4 b1 T s P
RS 3~ 4 £ AR SR B B REY
TR A O, (B AT 1 2R A B AR LA, X U
Pl & B T e THFE R R 0, g i AN R B A 2
THEEE A0, wl R PERE AT T AR A BB T
WYL A R LR T AR YR
RS B0, 345 W38 N AT s s A n] s
S ar PN A B R G M a8 v A, T
S8 T RE N SNP 5, IR b 4 ] i 1 B A Y
T2, Al O R D A B R G R AT
PEE A S g E D> H AR S e R 2 —
A S AL A T HE PSR E B
SNP V&5 1 i A it R Hp JRARD 06 5% A0 RE O &2 A
H 58 80 H S 5

FE A AT o B v S AR TR A R R R AR
KAGBUT , 4 P 36 M 4800 7= A T BR AL T 3l 25 °F
5 ,SOD . POD  CAT , APX I J& A #14 Ph) o B ) A1
BRI ARG A R AR P9 B TE PR R, DA T PR AR
SHEPIEI 0 E S Qu A& W58 KB, SNP AbHL/)N
M hets W2 P2 & /N2 b SOD | CAT APX i

P, XUSCHIAED BF 95 2 WK R e SNP 1 4b B 5
AR TS TEA B A FE TR MDA 5 0.
77 A T R 7 B AS [ R B G R AR A A, 9 H SoD |
POD CAT Fll APX {if @ E 3458 . (H Liu 50000
SNP AbEEX 30 T SOD F52 M N i 2, 0 k8 25 14 T
T POD CAT itk AlgeHAhJE NO #8271 T 5
Wit N A PUA L BRI M, BLZERE & AR 4 d i
ISR RME, X SR STTEERE A S WA
feash—2,

ZELT R, BB A5 AT & T FE MDA |
Pro  AJ M WE AN AR 171 0T B S84l 1) 28 AL TE B T
TR RS E, SNP IRFIAENS 7F — E R 4
Pt PEG, 8 /b 396 5% 475 5, (H A [a] & 5% 46 B 7 X
SNP HYBURVEATE — M 227, SNP X Rl 15 &
IR — N2 AR R | R — S8 AR AR ME UL
FEAELFIOT NO {55 B UM XS IL AR 4R & 2
N SHRMEE VI X8 br i N R Oy 2007, 45
RLWIBT/R 5 4P PP i, (AT MR NO B i
N RE IR 55, AR AT R 55, X NO ek
CHVRURR M Foe 5k, A DN X 2 PR R AN () o e+ R4
H I P R AE R A A AN TRD R 40 40 B N U
NO BYF= K2 TR MR NO 55 B9, AR
WEFE R SN NO X846 B 45 B & S Bk A i)
RS A A SRt o B MM EARRAET
B B Xof I — LA s 1 i P S5 AN — RE AT, A IS
AL SRR R AR B AR NO R 45 ML T F
FERHETT, AR KK SRR R AL ISR
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