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Effects of exogenous NO on seed germination and AsA-GSH in leaves of
Zizyphus jujuba seedlings under cold stress™
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J\bstract] Zizyphus jujuba leaves were treated with the exogenous NO donor (sodium nitroferricyanide (III) dehydrate/sodium
nitroprusside, SNP at 0.1, 0.2, 0.5 mmol/L), an nitric oxide synthase inhibitor (_.-NAME), a nitrate reductase non-specific
inhibitor (NaNj;) and nitric oxide scavenger (cPTIO) to study their effects on the germination of seeds and the circulation of
ascorbate glutathione (AsA-GSH) circulation system during cold stress. We also aimed to provide a theoretical basis for the
extensive application of exogenous nitric oxide (NO) in protecting Z. jujuba against cold stress. Temperatures of 4 “C inhibited
the seed germination and seedling growth of Z. jujuba. Applying different concentrations of SNP significantly increased
the germination rate, germination potential, germination index and vigor index of Z. jujuba seeds. SNP also decreased the
contents of malondialdehyde (MDA) and hydrogen peroxide (H,O,) in seedling leaves. At the same time, proline (Pro), ascorbic
acid (AsA), glutathione (GSH) content and antioxidant enzyme activities [ascorbic peroxidase (APX), glutathione reductase
(GR), dehydroascorbate reductase (DHAR) and monodehydroascorbate reductase (MDAR)] were significantly increased. In
conclusion, exogenous NO could alleviate the inhibitory effect of cold stress on the seed germination and seedling growth of
Z. jujuba, reduce membrane lipid peroxidation caused by cold stress, maintain the stability of AsA-GSH circulatory system,
and enhance cold resistance. The optimum concentration of SNP for negating the effects of cold stress was 0.5 mmol/L. When
the NO scavenger and two synthetic inhibitors were used, the germination of Z. jujuba seeds after NO treatment was inhibited
under cold stress. Furthermore, the parameters of membrane lipid peroxidation of seedlings were decreased and the indices of

antioxidant enzymes and antioxidant activity were increased. The effect of NO on seed germination and the growth of Z. jujuba
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seedlings under cold stress were significantly weakened, which further demonstrated the protective effects of NO on Z. jujuba

seeds and seedlings under cold stress.

Weymwands NO; cold stress; Zizyphus jujuba; seed; AsA-GSH circulatory system
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Table 1 Experimental treatments
%45 Number
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CK1 HUR25 °C + 718K Distilled water
CK2 fKiE4 °C + 7%1# /K Distilled water
Tl {4 °C + 0.1 mmol/L SNP
T2 {34 °C + 0.2 mmol/L SNP
T3 i 4 °C + 0.5 mmol/L SNP
T4 {74 °C + 0.5 mmol/L SNP + 0.5 mmol/L L-NAME
T5 {Ki&4 °C + 0.5 mmol/L SNP + 0.5 mmol/L NaN3
T6 {KiE4 °C + 0.5 mmol/L SNP + 0.5 mmol/L cPTIO
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Fig. 1 Effect of exogenous nitric oxide on germination rate of Zizyphus jujuba seeds under cold stress. Different small letters in the figure mean significant

difference among the treatments at 0.05 level.
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Fig. 3 Effects of exogenous nitric oxide on germination index of Zizyphus jujuba seeds under cold stress. Different small letters in the figure mean

significant difference among the treatments at 0.05 level.
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difference among the treatments at 0.05 level.
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Fig. 5 Effect of exogenous nitric oxide on membrane lipid peroxidation in leaves of Zizyphus jujuba seedlings under cold stress. Different small letters in

the figure mean significant difference among the treatments at 0.05 level.
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a

I

4 6
Qb FRHA] Treatment time (¢/d)
QR AR IR/ 5k 2 b B 22 5 150,05 5 AT
Fig. 6 Effect of exogenous nitric oxide on the contents of AsA and GSH in leaves of Zizyphus jujuba seedlings under cold stress. Different small letters in
the figure mean significant difference among the treatments at 0.05 level.

CK1, 435l .3 T B 1766.45% ., 64.65% ., 69.81%. 71.79% (P <
0.05) , & BIIG TR W38 X R 4 Gy i i i APX P 2L A 41 il 7
FH. FEARIE M0 22 SNPAL BE 5, B 40 BT APXYE M TP 4R I
Tb, ABXERFEERE -, [/ — e B 1Y) SNPAL # FAPXEE & Yk &2 H
$UT B 1 I S PR T R R A, CKANJE B B 28 Ak M, i AL
I FE I APX X R AR ] e JBE SNPAL 3B 3 28] I J A< ¢
>40.5 mmol/L SNP > 0.2 mmol/L SNP > 0.1 mmol/L SNP, 7£ 46
0.2. 4. 6X10.5 mmol/L SNP&MH i APXYE 14 L. CK 2452 55
T164.85%. 159.07%. 133.87%. 132.95%, 7= 53k i3 1 K-
(P <0.05), ULHAHE AR I NOX RE A 3442 A i 5%
T ER A FRAR N I APXYE P, i L-NAME | NaN, Al ¢PTIO
W56 AR TR 85023

I 7TREAE A5, FEASTRIE ARG B T, CKI1AL 3R R AR T
F HR Tl PR 2 A F AR, FLAGTR AL # R R A L i A
A GRIGPE R = F CK1, 4309 T+ T710.64% ., 15.25% ., 6.49% .
13.48%, H2Z S AR E (P> 0.05) . 7EAK kW8 i in SNP
b PR, £ SNPALHE R IR A il | GRIG ¥ 2 Fohta#e, 1
1110.5 mmol/L SNPAL I FGRIE M I FF & Wi, 72450,
2. 4, 6RIMFRA M GRIG M5 CK2AH L4 ) B TFT771.15%
60.29% ., 51.22%. 32.67% (P < 0.05) , Fifi 25 1% & B} [ R 4 4
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OCKl oCK2 oT! @mT2 mT3 mT4 mTS mT6
a a

3 1 T

APXiE

APX activity (4/U min"' mg™ in prot)
S~
T

2
Kb PR H] Treatment time (#/d)

GRifit:

GR activity (/U min"' mg™ in prot)

MDARH

MDAR activity (NADH/prot, /nmol min"' mg™)

0.5

0.0

2 4
AL FREFH] Treatment time (#/d)

DHARiGE
DHAR activity (ASA/prot, A/umol min"' mg™)
o

2 4

AL FRAST ] Treatment time (#/d)

E7 SMENOXS FME TREHEM A SUEFEENRNI. AR/ TR R AR B[R] 22 5150.05 5 F K-
Fig. 7 Effect of exogenous nitric oxide on antioxidant enzyme activities in leaves of Zizyphus jujuba seedlings under cold stress. Different small letters in
the figure mean significant difference among the treatments at 0.05 level.
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IR 58 T ER A0 AN B R e, {H & SNPAL B 1% 12 4 i GRIE PEATS
KT CK2, It I NORT i ¥4 330 55 T R 44011 H (1) GRIE
PRI TE, BEARAR PTG P A R HEA, HAE0.5 mmol/L
SNPf i 4L i VE R AR A 28, i L-NAME , NaN, il
cPTIOJG, GRIGPETFFAAT B, Ui I e fin SN PHE BT iR A I I 3
B0 A R S .
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DHARW, 3 1FAH 56, MDARMIDHARM, 338 1EAH &, Hirp
PIMDARFIDHAR A 3 BT, 15150.924. L) 45015
—ERE R T BRI M RN AR N TR R
MR SE I R AT, FE 52 50 P B 45 301 A B s B3 g %o
WiBE, FARRZ Y, SR VEM.

NP TR, ¥ T CK24L IR QT i1 TMDAR (@) w%

1 K W AR TR IR R B 4, 43 ) R B 1742.14% ., 60.00%
71.00%F140.21% (P < 0.05) , 74 T30 55 it I AN E 9 i s
Fii A &y T I MDARYE 4 T 4R B B T B4, 1770.1 mmol/L
SNP4E HH AYMDARIE M 5 CK 222 7 K 35 W /K (P> 0.05) ,
TE i i1 0.1 mmol/L SNPI: A 5 iR 2 41 1 P MDARJE 1 77
BH S B R N, AR S BN, MDARE PEFE 55 6 %35 3 e
5, RRISNPAL BV T, 0.5 mmol/L SNPRL SR B 47, 76450,
2.4, 6K CK243 51 i 2 4215 T51.85%. 39.80%., 42.57%7F
38.05% (P < 0.05) , Jiti filL-NAME , NaN,Fl cPTIOJ Atk A
MDARJEEF AT B AR T-CK2, 25 1 ik B ¥4 32 30 1 % fig e
LIETR P MDARYG P 7= 42T B S i S T R, AS 7] e Y
SNPZIJE ) it 11 00 %6 i - P A MIDARGT 1 E 7 A= AS T A 1Y)
WVER, FETH AL KT
MEI TR, CK24N 1T R 4 i DHARYS 4 4H Lk CK 1

TR T46.24% ., 41.28% ., 36.84%7F134.96% (P < 0.05) , H1EE
JINSNPARYIF AP, R A4 1 N DHARE 14 25 91 Jy 43 2238 THIR
X, T ORIAF R K. E450. 2. 4, 6R)iA10.1 mmol/L SNP
A B ) TR AL %) 1 DHARYE PE 5 CK 241 Hb K ik B 2 3 K
(P >0.05), £0.5 mmol/L SNP4F ¥l FDHARF P4 ik 3] % K
i, M CK25 E 2 E 1716.00%., 14.06% ., 17.11%H121.69% ( P
> 0.05) , {EABAKF CK1, 75 7] — B [E) 46 B T R L DHARYE 4
Xef o7 AN ] e Ji SNPAE BB 1 20 JES 5 4% Yk >470.5 mmol/L SNP
> (0.2 mmol/L SNP > 0.1 mmol/L SNP, &H]SNPALL 7T 42 =11
i JPE R BRI I DHARE . M L-NAME , NaN,Fl cPTIO
FEANRE 8 20 B AR W 26 X6 2 41 1 i i DHARTS 1 19 T i
YEF, BEAR T B A4 oI i 2 B it 32

2.2.4 BRERLEM R EMEISREIREX S th2e2n]
1, H,O,Ff1AsA, GSH, APX. GR. MDARMIDHARSE % i %
fAH G, MDAFIAPXE M) 3 71 /H 5¢ , AIMDARE: I 25 T4
X, ProfllAsAR: i 5 IEAH G, FIGREM: 2 A, AsAFI
GSH. APX. GR, MDARFIDHARSE M 5 3 1E4H 5, GSHAI
APX, GR, MDARFIDHARE #% . 3 IEAH &, APXHIMDAR

K2 REMEBTREYH S EEERIEROEX M

Pl -1 & A AR A A & B 2 R v A i A Ok 3 BR 1
B, It 5 52 3 A PR 3 R ) ) g 5 B 30D, X — o R e R
TR A 35 BE BE ) Bk R AR 5 AR A R A T R A
KEE, BT & IR 709 248 KOR I 2 56 22 NOS HE 9y i
5% M o7 AL By 0 sz o7 45 1t A WD AH G, AR R B it v
VAt B ke b 27 21 8 L. H AT A W9 R INOAE i B SR B T
XK CH (Silybum marianum) P, #55% (Suaeda salsa) 9
INGE (Triticum aestivum) ® JKFG (Oryza sativa) "1
P8 A& A2 SRR EASF BESE. ARWFSY R4 CidE
iy 300 B S R AU T R S D T W R BB T, ANt A W)Uk (0.1,
0.2, 0.5 mmol/L) [ SNP{i ¥4 3 38 55 N R 4 1 & 2%
KEER KRR TG S R 2 BT, X 5 Thanjids Xf
W3E (Brassica napus) F1%7 F 74430 % (Solanum
Iycopersicum) Fp—FCV 5 s 15 A 2518 — 3. FL B VR i
BT, AT 5, FEh210.5 mmol/LiY SNPAb B
Y o A, AE % i 000 o it T S5 e B 4 i 55 L-NAME |
NaN, J NOJH B 71l cPTIOfT 28 fiff. [K it 2 Wit it SNPAM )
AL DL i A B T R A BRI A A TG A 2R AR, R
P TR A 2RI A SEPE, ELAE AR IE W aa T BE PR B R R
F SNPJEAIF 7% T 45

MDAFTH,0, /2 4 B [ i 13 4201k 7 F 1 28 b sy,
S B 11 o U LR AT AN S 1 A AR GG R 3 1
G O . BV A A A AR 0 P R A AR TP 3 R i —
NOE f& SNPRT 1 i B i ik 4201k 7 ) MDA B2 H,0, 1) K i HE
B, DRIE B 22 40 50 381, 9% A 8 S 3 5% X6 ) 1 1 g 1 AR
AR, A5 b, v 0 8 b B R R A4 i INMDA
FTH,O, 8 i 3 ), R BV 35 10403, A6 NN OJ5 iR 4 AB bk
MDA H,0, 8 it JF R T B, & B APIR NOLb 35 AT 2% fiff AR it Joly
J 5 A RN S A 5, X E R A B E AR —E
BONAE . [ A A2y 35 T, AR N —358 20 /N Uk ALY
S AR I G SRR I W TG A RS S S, BRAR AR

Table 2 Correlation between physiological indexes of leaves of Zizyphus jujuba seedlings under cold stress

A AR R
Physiological factor

H,0,% 4%  MDAS i Profy i

ASAT
H,O,content MDA content Pro content AsA content GSH content APX activity GR activity MDAR activity DHAR activity

GSH & APXIAME  GRIGME  MDARJEE  DHARIE

H,0,% i H,0, content 1

MDA & MDA content 0.348 1

Pro? 4+ Pro content -0.279 0.209 1

AsA{ 1 AsA content —0.841%* -0.202 0.402%* 1

GSH# & GSH content —-0.828%* -0.160 0.296 0.850%* 1

APXif M APX activity —0.773%%* —0.728%** -0.027 0.686** 0.746** 1

GRyfPE GR activity —0.588%* 0.090 0.840%* 0.628%%* 0.526%%* 0.255 1

MDAR;i% 1 MDAR activity — —0.895%* -0.392% 0.283 0.871%* 0.899%* 0.840%** 0.599%* 1

DHARJG ' DHAR activity —0.865%* -0.149 0.251 0.805%%* 0.892%* 0.662%* 0.539%%* 0.924%%* 1

* P<0.05; ** P<0.01.
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LI N NS SO R 4 B YR oY DRy O VAN 0 e S TN 384
iRk Profy i BTt X SR bk (Juglans regia) B
BN (Solanum melongena) ", Wi #4545 Xt ¥ /4=
WK (Poa pratensis) %P7 BF 98 45 16— 3, 15 B4R
P E KA T A R T A R, RS AER S M
1ZRH T RE R SAEY YR ST R E BB, Bhaa ab #E Y
T2 R R ) S . HAR R A BEE4 ORI a
IS SNPT] HE — 20 38 i A 4 i i vy rh Pro i &, U Ah it
NOJ 7 g A A=K 32 B A R R 0 40 38 21 98 35 W 15 )
R R LB 35 e, 4 5 A R I R A5 S Y B AR RE T, i
L-NAME , NaN,FlcPTIOJf Tt 5 NO L i) 2% it D g
AsA-GSHY) fitg iz 1 2 A Ak 240 i P9 6 H,O, B 482 1 1Y) il
iSRG AsATIGSHIE HIMR K N AsA-GSHZR 55 1 06 2
B B0 AL T RN S A 8 R ZS SR 15 0, 2 18 40 I P A3 TR
FRIVIAS TR 285 XoF 36 13 155 00 P o 7 2 8. SRR AT 9 & L, NO&b
B S A W FAAR (Eriobotrya japonica) W ) GSH
FIAsAT |, HAEWKZ BN, CKAFARIE R 19 SNPJii fin 21
MEAE &) 5 GSHIY & 5 £ B B[] 119 22 Ak 8. 718 SR A 7 18 I 1) it
PRI I R, R AL AR TR Ml T GSHA T
F AR P E TASARIIE FIHE TR &S, nTaeEE
SRR, WA — A WO, SMENOSE, R
HIHin i GSHMAsAS w35 FF 45 T T, AR NOAR 2 AT 1
[59% VA 2 300 5 AR R AR P ME R %) O o T g 2 GEL e 7= W, s A
R HRAAS IR BT M RE AR N A T8 2 19 HLEE. APXIR
T 1 S A T A R i Y As AR e R AR R EE LY, IR B
TR A A I P APXAG P4 TR HE BT 0 A 34, A SR T 0 1 i
W G FH B, SNFIABE S SEAR Y I R TR S L PRI
4 B S5 AMA R HL O, 14 it P2 A, FEXFAPX I 305 M 7= A 5 2 Y
P VR A, LR S S A B TP APXAS ) 38 SRR, X TT RE
AR W38 N BRI AR W A APXTE M R R B R IN. kK
1Y 3R 56 1E B — 5 57 4 i NOR] L 51 AT E Ak 750 AL 7R
IE Uk 2 A AR 105, A B T T A Ak i 2 R S K 1 R
Xiang&E A AL AETR 6 P gk — A5 E 32 T NOXT 3if M 4077 A8 Al 4 i
i F B i APXFE R A 3 223k i T AEDT. i i 72 /R )5 30
Jite I SNPJ& FR A 4l 1 APXE f I FF, Jit R A BE & NOai i 42
e AR T 38 T FR A G i rP APXT S P Il 66 PR Y 8 3k, AT
P2 2 P AL B 35 M. Uchidas A 36 4536 L 7 A1it NOT]
P42 GREG S MK V-1 B TF, fEGSSGHE 4 il GSH, 4+ 41 il
R IR R RS LR E — 2515 S P A AL i SE R 0 56, 42
T TG PR TS ASHIE ST PR IR 0 B GRS M S CK IR B R
A EE A 1w B T, (B IR 8 B B K (P> 0.05) , FE it
JISNPJ5, GRET R 4keE 2 LTt H, FL R fsy b T e 3
K, X550 356 BR AR AL B BF 9T 458 DB AR, HLAMiENO
Wof ¥4 S N BR A I R MDARTE M A9 482 THA 5k B AE ik
YEM, M DHARIGPE I A 32 ) 035 09 #8800, X il e
AsA-GSHZ S N AsA )15 4E X —HLEE 12 5%, MDARff#fb &
— JCHEIR AT, X451 AR REAT 4 5O i SR
B TS B MDARN F5 A AsAE B I 5 4518 FE AR
MR LI B, NOAL#E X R4 1 i GR, APXFHIMDAR
g 7 L S GSHA AsA T 5 EL A B A 576 1, HLAH Gk
A3 BT AR 9 3¢ A AT] =2 1] 761G 36 )5 R A A Kk R At R v

US4, Chin J Appl Environ Biol
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AR A 78 AH TP R 1 56 2. 2 NOJGE in i A GSH B 11
HETFAIGRIE P ACE (38 K5 A 0] 4y, 1 AsA BEUE A # 0 45
#5 TMDARP - AETIRE, GSH., AsAHEHT AL 38 15 % 5 2L
APXFE ) WM VEF, Bl % 2 BN IE R, AsA-GSHAEIA Y
WHE LR R &, FHorh210.5 mmol/L SNPAh 331 (14 7% 5 5 g 3
H8. {H0.5 mmol/L g A F 57 SNPH Kk FBE, #5 4k 241 7 SNPifk
JE A LA A I B R ONE AR IR S TAE P 4k 45 1), NO
5 B 7 cP TIOR3 L-NAMEFI NaN, (1) i F 15 45 2% fi IR
i S HEAL B0 45 %, DRI AT L) B SNP TR JE k30 R iR
LR B BR Y 1] B ANO T 8, NOAR K43 1 2 i
T AR T A5 T A e AR 2 Y.

4 Yy

A E AT BRE T BRAEM T8k MG MER, S
NOJFRENS A R M IR E A T 0 K 2E8 . R 2EE | R
G R E, FLAE I AR 2 G it R I AL T AsAFTGSH
B R, BAIRHLO, & &, AR A i S Ak P= I MDARY TR,
5B B VY B Profy 8 AAPX, MDAR, DHAR, GR%:#ii
ARG, R 4R L T 1 AsA-GSHAE IR R 48 i Fa e
P, G2 AR AR IR 30 X5 TR T 400 1 A0 M I B 453, G i R T4 G
BB FEME, Hod 0.5 mmol/L SNPALMFH {15k S 5 H AR . [
HCER @ R0 AT 1 NO A B I 410 1l 77 L-NAME | i iR 34 5 g I
L — PR ] 7 NaN, K& NOT B 7 cPTIOT s Bk 1M 5 NO1I
A s V4 S T PR R 3 R S R R Gk R L FHLEE, iR
Rt —2 5%
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