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 OE: VISR NO M NayCO; Fr28 T 87 N4 v Ak RO T A2 oy % v, DUARE 2 5 89 I & A0 0 AR R A &
HEH LT 80 pmol- L' SNP f 60 mmol-L™" NayCO; 38 T8 N4 4 K vk 4 (Rt & 4 o AR AH X B8 08 1
RRHFEHENTAME, FFERW NayCO;s 8 12 d, §AY EH LA THLTE MM EKE R Ru-
bisco B ATE A bt T4 B AR EA K BE T B R L T 5 Rubisco A A B AR L EME G KHE
BpiE R B A, 80 pmol L' SNP MR AL 7B 4k 9 & #% NayCO; M8 Xt ¥ M4 ¥ A K BOL &1 A B34, % i 7
TFHROPREF LSRN EE, 5 NayCO, P EHLL, THRREE HAAKE TEFMEXHE M E
(caro) &1 A BR 1€ J& B (NR) . A & Bt /% & ik B8 (GS) \ Rubisco # 10 B8 € 40 B8 (AMY) v& M fu 7] B M R B 4 & 2 Al 12
BT 26.72% .30.45% 17.69% .46.15% 46.43% 30.70% .38.75% .70.0% .65.37% ; Rubisco /i & 8 . & &1 /K A B 7%
WA EAER LB BIKT 18.29% 31.76% .28.57% . 4 IF NO i 3T {2 ¥ € ¥ B f7 Rubisco 2 1t 75 M W9 12 5
T E M TR R T TR RS BN T BB NR.GS 1 4 & B A B (GOGAT) & 1 11 | & & A AF B
A ABMEAE(GDH)EE, BRI P BALBREGE BT EAaRNRE, AHXE B WL BET,80
pmol- L™ 6y SNP E A BB M4 B Wy XA SR, (R T IR B A F A48, B4R % AR # X NR.CS,
GOGAT & I, R EH M E LA R A M AR, X T HETERY B ARMNEFHT, BT EMLEK
1 Na,CO5 28 B9 88 77 o

KB : —HA s NayCO; il 28 5 B &R A5 875 A= 40
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Effects of exogenous nitric oxide on the growth and carbon and nitrogen
metabolism of pumpkin seedlings under Na,CQO; stress

WU Xu-hong', LUO Gui-giang', FENG Jing-min’
(1. College of Life Sciences , Agriculture and Forestry, Qigihar University , Qigihar , Heilongjiang 161006, China;
2. Qigihaer Sanitary Supervision Institute , Qigihaer , Heilongjiang 161006, China)

Abstract: In order to explore the effects of exogenous nitric oxide on metabolism process of carbon and nitrogen of
pumpkin seedlings, a pot experiment was conducted to study the effects of 80 ymol*L~" SNP on the growth of seedlings,
the contents of chloroplast pigments, the activities of carbon and nitrogen metabolism related enzymes and the amount of
metabolites of pumpkin (cv. Yinhui No.2) seedlings under the stress of 60 mmol* L~ Na,CO;. The results showed that
aboveground and underground dry weight, relative growth rate, root shoot ratio, Rubisco carboxylase activity, light en-
zyme activity of photosynthetic pigment contents and nitrogen metabolism were decreased in different degrees, while Ru-
bisco oxidation activity, total free amino acids and proteolytic enzyme activity were significantly increased when the
seedlings exposed to 60 mmol* L ™" Na,COj; for 12 d. Application of 80 pmol+L~! SNP obviously alleviated the inhibition
effects of Na,COj; stress on the seedling growth and photosynthesis, as it increased the plant dry matter and leaf chloro-
phyll content. Compared with Na,COs stress treatment, 80 pmol+1.~' SNP considerably increased dry matter accumula-
tion, relative dry weight, chlorophyll content, carotenoid content, nitrate reductase, glutamine synthetase, carboxylase,
amylase activity and soluble protein accumulation by 26.72% , 30.45% , 17.69% , 46.15% , 46.43% , 30.70% ,
38.75%, 70.0% , 65.37% , respectively, while decreased protease, oxygenase activity, free amino acid content by
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18.29%, 31.76% , 28.57% . Meanwhile, exogenous NO maintained the stability of total soluble sugar content by in-

creasing the activity of amylase and Rubisco carboxylation and decreasing the oxidative activity. Exogenous NO also in-

hibited the activity of proteolytic enzymes and glutamate dehydrogenase (GDH), decreased the content of free amino acids

in leaves, and increased the accumulation of protein by increasing the activity of NR, GS and glutamate synthase

(GOGAT) . Under alkaline salt stress, 80 pmol * L~ ! SNP promoted the keto acid translating into amino acids through the

enhancement of pumpkin seedlings photosynthetic carbon metabolism. Meanwhile, by improving the activity of related en-

zymes NR, GS, GOGAT, 80 ;Lmol'L_l SNP caused the switch of carbon to nitrogen, maintaining the balance between

them under salt stress of Na,COs.

Keywords: nitric oxide; NayCOj stress; carbon and nitrogen metabolism; pumpkin; metabolic substances

R e R A AN E K ) R
Yylyitt 5, A BRAZ R Ak 3 1 LT 5K 8 44 hnt?,
Forfr 509 DA F 2 NayCO5 S50 M ER A4 LAY 75T 48
Bl o 3R A ER B 5 M AN ER 6 n) AR s R i
30007 hm?, ZEFRE M AR TL PEL AU A 404,
AR AC 0 b BT D, 2t = R IR AT Eh e =2
— LU AR B P i BB B R Y S e A L %
i B I B IX B Ak A AR ZE LA, w8 pHL B R
AR A R TE RN T B R NG 2k K o B N A
PRSI, R L IR I TR . S B BOR AR )
JERAZ T A5 S SRR B, ol B 3 3 Bk 2R
FR R 1) [F) AL FR UL B A5, 57 43 19 2E B gl = NG a4
SZRLFEUE K & F 22 HN 25 BB Bt L 5E B
I AR AT AR BRI T A TG BRI o A e s T B
TG PR 2, S A A At 78 2 A Tk 4 Fn ik
Ji 07 R v R BN f T R . — Ak
A (nitric oxide, NOVE N —F 4> F1F 5,25 17 ZF
L Xk P 363 19 A B 7 A4 R T 2 2 1 A Y A
FEo 0 NO B 2 AR R A BB e AL S
AR T HRA X Ca(NOs), Wf B2 5 B T
NaCl [t % 7 i 40 i A K A4 1 A0/ 22 (Yangmai
158) MR R & B I A AL s e ot T R a0 T e aE
A& 7 & 2 A v g by AN AT A AR R KRR,
TR RS I T K FE (jiafuzhan ) AR R
0 R T HO R E W AIE I N B 5 T
0GR T RER IR, 3 T S 2 A i s
1M NO XFHg 38 T 1 S i e 01 it 1 52 e A DL 41
1B, NO XFHE T ARAR IS HORE BB 4 i 3 An A i
B BORUR) A 3A A b R F R A 2, R TIUR R B
S HUE EDRESE AR I X S0z U HAE AR
APGICHL X, W A SR E 2 SRR E i, N T
X TG 145 3 o AS 356 DL R R &) i oy 52 56 41
BE, DLAMIE NO B A 38 44 A 8 45 T B, B 58 R
Na, CO5 JHi8 T e JIN 47 i F 390 e 80 A3 A R O il 7%
PERSZ I, TSR NO 78’ R4 i e 25 AR Al 2
FACT b A T RO itk Z0AC A B 5G &R 1 I  AL

il , 4B FNER 2R w5 e IR B g A 8 R 26 G g
B, S e SR DX R T B AR B i it dR A b R
S FIERIS A

1 MR

1.1 k4Rt

PR I AR R0 2 5 (Yinhui 2) , FH 5% 5%
M RTHFP T 245 A 4R 0 NO {4 A 1l 32544 ( Nay Fe
(CN)s) (Sodium nitroprusside, SNP) , laNE] Sigma NI
4fE N 98.5% o SCELH AL 100 mmol - L™ "BE 4 °C
£, % I e Ve BE A %

1.2 EWigIt

1.2.1 Na,CO; A= SNP R E 69 i ik KRG 1H0 . K
N ST RS R T, SE 4 0. 1% 1) HeCl, JH 5 10
min, IR T 28K U 8 h, FREFRILA 25°CHa i AH
WIHEZE . KR 2E— BN AT h , dh 2 FH 78 1K 35
7% 2 dJa , ORI 43510 30.60.90,120,150 mmol -
L™ Nay,COs 557, 3 d J5 S bR s mi e foRn ™ s 4k 5
(AL PR, 7 60 mmol - L' NayCO; AbFEH, 2335118
0.40.,60,80,100,120, 140 pmol - L™ ) SNP, 1% 5% 4d
JE e SNP¥REEH 80 pmol - L™ ',

1.2.2 RXBLE KSR T A0S
IR 1 h, BRI (130°C, 3 h) & R AR E R A7
12 B4, TELRmE SRR T (21°C £2°C) AL
MaREE, )5 BP9 2 d DETE Hongland 78 57 500
mlo RRANTE 2 i —.O 0, AR R E KRBT
ST 8 #k, 4L 30 4.

RIGIL B 4 AN 50 AR FE T (KRR
Hongland ‘& F# (CK) ; 4L P ] : Hongland & #£ ¥ + 80
pmol * L.~ ') SNP; b FH [T : Hongland & F£ ¥ + 60 mmol
L™ Na,CO;; 4t P2 IV : Hongland 7 7% ¥ + 60 mmol -
L~ Na,CO; + 80 pmol - L™ i) SNP, F 4K 8:30 Al
16:30 FHAH R Y AL B BOE 1 DEE 2 WK, B 100 ml/
fho FHLFE 60 PRI, BEKIELFE 4 MR, 3 IREH, T
AEFERY 3.6.9.12 d 43 #E4T Rubisco, AMY 25 H 7K
i S PR RN AT TR R O U S R
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HISE o ALPRES RS, MO AR B T AR R
T2 i SR S ST 4 A I

1.3 WMEmMB#AE

1.3.1 ARdARegme PRI G BUR AT,
G0 (O e L 31577 % o 15 DR R i @ e 5 G s
T K4y, BRI L, 105 CHER AN T 15 min J5 75 &
TSCHET M AR TH . AERT AR b b AR
A ARG LG LA 4 k40 i B Y E R s, Bl
g bk,

1.3.2 BARHAKEBERAIARGUNE 1,5-
WAL A 2 AL/ I 425 ( Rubisco ) 175 1 AN A « X
FAJRIEH 2.0 g, FGEAIA 2.0 ml $52 BB A28 B2
Ko BNt u , VR RS O J5 B EIE#E1T Rubisco 1
FIE . SER R (amylase, AMY ) i PE I 2 R 3,
5 THREFEKAGIR ko R R A AR L
HEMES B0 1 g BRI A BT e, F IR ERTR &
VB HEHL 24 h, 43 BIAE 663,645,470 nm AL IR i
fl, M4 % Y N R REA RN ARITER
1.3.3  RARMAAR R BEE LA IS AF N T R
YR 5 (nitrate reductase, NR) 1% PER TG A RS, &4
RS B (glutamine synthetase, GS) 3if PE I € 2
MmN SRR A U (glumtamate syn-
thase, GOGAT) T £ 2 B & 2 % (i Jr ikl . B
Eﬁﬂﬁﬁgﬁﬁ(glutamic dehydrogenase, GDH) 1§ Majerow-
oz SR ) AT R AR R B R R R R
2GR Dyl s FOK A el = Fvkm . &
KA 4 75 3R FH K RS 2 1y 13

1.4 SZitoh

SEEHN ] Microsoft Excel 2003 #4748 1 1, Irfy
Bt IS 255 + dnifE 227K, Spss 17.0 Geit 43t
A EATEE 53T, Duncan B 2 W 22 007 Z E 1
B(P<0.05),
2 AR5
2.1 Na,CO; B8 THME NO X3 BN 4h i A K B 2201

F 1AL HE NapCO, WA, B JR &) 1 b 135
A3RIAR ZRfif T E IR, S BL IR A K A
(CK)EBEE TR T 28.69% F 26. 11% , T 5 R i ik
32.89% Fl 41.17 % 5 1 &B o X A= K 1o P s e K
HRIEE L RA ARG 5 IE 3 A K A R ik 25 5 B 35K
-, ULPH BRI Nay COs AN ZE ] T Ra SR 4 i %
IR TSR AT AT, T ELX 40 5 R B2 1 5 T AR 2R
Fb b4 BN B, SNP B A B XF A 1
T BB fif B TG H s, (e i T R R
SRR TY MR (P <0.05), SNP & & 4b
Bl A0 S S A R A B R, B TN
PR R R & T NapyCOs il T4 T
19.18% \15.52% 1 25.49% .35.71% (P < 0.05) ,}2
FHIX A K BN 25.48% .36.01% , MR 7 L AN
K, RSN —F LR LA SNP AT LSS Na, CO;
TE X SR AR R AR A 52 3 4 i K g3
RS ROUAT BN 03, HL7E A BRE B Py XHAR 2R A
(R SR FH S de 2

R 1 5MNE NO X NayCO; BB T EIINAD & A R B R0 (F %] + SE)

Table 1  Effects of NO on the growth of pumpkin seedlings under Na,CO; stress(mean + SE)

Jasty b B B i S A MEE WRTE FAXFHE KA Relative dry weight/ % AT
Treat ; " Shoot fresh weight Shoot dry weight ~ Root fresh weight ~ Root dry weight R/ éb .
reatmen /(g-plant=") /(g-plant=") /(g plant=") /(g plant=") Hi 43 Shoot A& Root rato
CK 8.26+0.45a 0.76 £0.02b 1.57+£0.06a  0.119+0.007b 100b 100b 0.156 +0.033a
SNP 8.41+0.31a 0.84+0.07a 1.65£0.12a  0.133+0.010a  110.53 +1.55a 110.92+1.13a  0.158 +0.008a
Na, CO;4 5.89+0.24c 0.51+0.05¢ 1.16+£0.08c  0.070+0.002d  67.11+0.68d 58.82+0.87d 0.137+£0.029¢
Na, CO; + SNP 7.02+0.18b 0.64+£0.09¢ 1.34£0.13b  0.095+0.009¢c  84.21+1.79¢ 80.07 +1.22¢ 0.148 +0.005b

U [ — B 5 /NS PR RO 25 B (P <0.05) . T IH]

Note: Values with different lowercases letters of the same column indicate significant differences (P < 0.05) . The same as below.

2.2 5ME NO XF NapCO; BB TR &M A Ru-

bisco #1 AMY &R AT A ES =00

Na, CO; JFpi8 AL 3 g N i Rubisco JRAL I 14
W A2 400, I 55 300 MY ot A B s i) A2 K T A ARG (AL T
la)o SIEH AR KA LR, FEME 6 d F1 12 d
AF, 9 M 4 R T 38.95% .59, 58% (P <
0.05) , {H7E Jip 38 Ab 35 i B AH X B RIS (7. 48% ) o
Bl SNP AL P, 7E AL SR (3 d) R G M I AT

BRS04 3K 6 d I 35 T , BB ) BE I
[ 224k b HEH, 6 ~ 12 d &AL 35 0] B 22 [R) 22 57
Z(P<0.05), Na,CO; + SNP 43 3 ~ 6 d, Rubisco
RAL WG P 2 B 8 NapCOs 40 B F A 10. 13%
34.90% , EIRATY 2 I Ay B I [ S i % R B HL 9
~ 12 d I IE 235 49.66% .38.75% , Ui SNP fig !

ZAEZNR 8 5B Rubisco RALIGTERI TR, — &
R FBET Na,CO; % Rubisco ¥R A1 JJ A5 i
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XTI, Bt b B 5 2 0E T Rubisco 1Y 4AILTH
PE AP 9 ~ 12 d B, B 5 9 S0 A0 B 14 0 1) EE X
PR T 59.30% .34.43% ., 1 52 45 b AL Ky
Na,CO; AEHRZH B 74.82% 81.72% (P < 0.05) , 45 5
7, SNP B 4] T Rubisco AL IG AT E T

TE R B TR 8 E R AR S RN BB
FAZAH AT KT R GE R, NE 2a
AL UL B 36 WD 46, D€ K S B T 29.41%, Ik
JEFFEE TR, 9 ~ 12 d WAL R Xt B8 ) 40. 00% .
38.46% ; Na,CO; + SNP AL HBH g 1046 1 W38 S 30
JERIETE F10 R, 6 d IR 3 16 B A SNP
FASRAL B K Nay,CO; BRE 1.92 £5(P <0.05), Ab#E

1
—
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(=}

—
~
[=}
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(=1
(=1

=3
(=}

Carboxylase activity

o
[=}

R AL B P/ (nmol » m” ¢ s™)

Ak BRI ) Trement time/d

ECK MSNP

ELUEE N AP IS T E X AR RO I ERST TN SER AP
S ATV B L BE 2b FE OE B A K AR
SNP S A BT 13RI i A i R L —F
Fa— FTFAYAR R a3, SNP 4540 FEER B 25 2 T 0 IR
P IE T R N R ] s e TR R b P 6 d
AP IR B, 12 d S5 FE R XT R 73.11% Al Pk
WA N EZ RS ER, ez s5 T
P G 0 R B R Y . A SNPARFE3 ~ 6 d
BF, i R fE s R e B R R T 16, 18% .
13.83% ;9 ~ 12 d I}, M A & s B 3 AL F hn 1
25.43% 44.04% (P <0.05) .

PRI a
Lz
FZoas
=9
g5
£g20r
W >
E2s
3
=
B 10
Ak B ) Trement time/d
KINa B Na+SNP

Bl 1 5ME NO X NapyCO; BB T JINH 1 Rubisco 2L ER () FELER (b) BEE RIS 00

Fig. 1

The interaction between exogenously NO and Na,COs stress on the activities of ribulose — 1,

5 — bisphosphate carboxylase (a) and oxygenase (b) in pumpkin

* min")
(=3
W
f=}

Amylase activity

= -

W€ N M/ (mg - g

Ak B E] Trement time/d
ECK

B2 5MNE NO X NapyCO; BB TiE M B A1 (o) AR S E (b)

Fig.2 Effects of NO on amylase activity(a) and soluble sugar content(b) in leaves of pumpkin seedlings under Na,CO; stress

[MSNP

ECASCTE M R ) A0 AT PR 5 A T A B
P 22 ) JORG B R G 2R, RIVEE I R Hp e 4
B FIFARSE 2ok A Tk KA, nl BE Y i Ae
5T Rubisco JRAGTE PR i , 6wt Gl i vy Atk
FIRTEL SNPfE#R Wi N B T Ie ks 1,
P T SR R BB e Tt Ot Bk
AR ZOA U R A2 5 I3 TR A0 ARG T 0 o, 5
AT O RS E AV R R R AR AN T R
HOG A BRARTT a4 (MAL - OAA) 242 7™ 2E 1) i
J5J3 NADH HlH -, [F] i A HLAE AL P10 [RAE F1 A @

105 ((®) a

H/(mg *g")

P
[SJ=ER

Soluble sugar content

CIRZL R

4k EL ) ) Trement time/d

NNa B Na+SNP

TR

- KG MIHAEA W T Rk R P i, B T ik
R Z B R ERE T NG 1 B A T -
2.3 4MIR NO XF NaCO; BB TR B R X E
BRAEENHIN

MR R BCAERTRAMMREEN AR,
A HEAE — 8 KO b 52 ma p T A R A SN 4 S A
T A R R RE T, I 5 250 W B NI 7™ &=
Na,CO; 11938 F , Chl a.Chl b & Caro &5 4351 Lo X B8
FEAK T 22.34% .19.75% .27.78% , i W35 i Bl adl |
B E Ko pH 1R T RN 7 OB G AL A2
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P, HL a8 G i R Ak 10 1 DG AL 1) 1 1 A R
JEREE T A0 SNP, — & BB b 4R T g
G, HEER ARSI 2R AR E (HD
it T Caro LR IFRIEHZE T Chla/b(P < 0.05),
4 SNP AL FH, Chl a. Chl b SR HEE T
18.87% .13.85% (P < 0.05), Chla/b &3 T+, i
BB 25 R A5 LIE 2 RS E o Caro 7% i Fb Nap,CO5 i
BT 46.15% , Caro BRI A AR, SUE MR
MIAERE R 48 ROS W& BRI, T LAk #8 7% K ROS 11
o
2.4 HNIE NO Xt Na,CO; BriE TR &M H &R
1§48 R EE T A R M

S fEY FEACH R, THLA(NO; ~ NH, ™) 270

AR NA MR (AR WS ) , A ReS 5 R,

R S5 W) K AT F 16 1o fiF IR iE I i ( NADH/
NR,EC 1.6.6. 1) 24775 T 41 M 5T o i 45 R 8 11l
AEFF NO;~ I8 Jii y NO, ™~ , iy AR P (1) NiR
NO, "B JF A NH, * o RS 0 ol [ A B, 75 R 2
Z0 R R PR U 23 E A O 28 I 1) S i
R DRI NR AN A 458 5 R BR 3R 1B i, J2
AR P B o it TG P e IR — o AR AR 1
GO AV A T ERES S e AR 1 B
Na, CO5 B X I R NR & 26 7= A 1 B 3 %) 90 461 1
JHLAEFE 12 d B, Bl S PR X BRI 59.27% , 545
SNP AbFE NR 151 EH T 46.43% ,BA 8 E K T
MR, H132 3 AT LA, SNP % NR 1% P B A B 51015
SYER, SNEVS I SNP fif NR 4 300451 (435 71 55 i
i, IR R AE KRS T 16.61% (P <0.05),

R 2 HME NO X NayCOy BB TR Aot & &R S ERIFM (F19% + SE)

Table 2 Effects of NO on photosynthetic pigment content in leaves of pumpkin seedlings under Na, CO; stress

s ik a A ik b i R B K N
Chlorophyll a Chlorophyll b Chl a+b 4% a/b Carotene content
Treatment 1 _1 1 S
/(mgrg™") /(mgrg™") /(mgrg™") /(mgrg™")
CK 2.73+0.13a 0.81+£0.08a 3.54+0.07a 3.370c¢ 0.72+0.02b
SNP 2.82+0.09a 0.79£0.03a 3.61£0.16a 3.570a 0.88+0.03a
Na, COs 2.12+0.15¢ 0.65+0.01c 2.77+0.19¢ 3.262d 0.52+0.06¢
Na,CO; + SNP 2.52+0.07b 0.74 £0.04b 3.26+0.22b 3.405b 0.76 £ 0.05b
3 SMIE NO Xt Na,CO; BB TR /N4h & &R i B iE a0 (394 « SE)

Table 3 Effects of NO on nitrogen metabolism key enzyme activity in leaves of pumpkin seedlings under Na, CO; stress( mean + SE)

e T BR40 Ji il AN A AR T BARI A
Nitrate reductase Glutamine synthetase Glutamate oxoglutarate Glutamic dehydrogenase

Treatment 11 J1 o1 -1 A R

/(;Lg'g +h~1) /(;Lmol'g +h~1) /(/Lmol'mm ‘g ) /(;Lmol‘mm ‘g )

CK 19.15+0.91b 1.81+0.04a 1.315+0.071b 0.632+0.018¢

SNP 22.33+0.12a 1.79+0.21a 1.478 +0.046a 0.583+0.051d

Na, CO; 11.35+0.34d 1.14£0.11c 0.787 +0.013d 1.109 +0.026a

Na, CO; + SNP 16.62+0.19¢ 1.49+0.28b 0.976 +0.023¢ 0.818 +0.037b

H1 NR Fl NiR i J5 Az i) 5 23k — 2Pt GS -
GOGAT A A ez A LA, T 2 HE 1R 1 11
AR AT S A e AR AR, L, GS
ERACHIIAR AL, N GS R 26 A i GS
— GOGAT JE 3 2 AT W 1K P9 2 [ A T Sy 385 3 i i 222
A IEH A K AT SNP BB (Y GS T
PEIF RS2 I R0, 22 60 mmol - L™ ! Na,CO; Ab #f
Ja, SRR, Bt R CS WEME N BE T
37.02% (P <0.05) o %l 80 pmol+ L™ ") SNP, B it
Wikl 7 GS T REM B, i GS B AR S T
30.70% . GS — GOGAT [ iz i fifi 44 b T 5 R /K F
WERE S0 T e B R B2 5 | A 1) 0 6 i TR AL I8k, 3L
G T X NR B =106l . GOGAT J& 5 GS 1Bk 1Y

AR L Gln 1 o — KG 2E 1% 2 232 T Glu,
60 mmol* L.~ ! Na,CO; JilHif 12 d, M A GOGAT i F11Y
ST HE 5808 % , M/ 3 (P < 0.05), SNP
X T AR K AE 4T GOGAT 7% 175 5 IR kAR
FH e AL PR 0 J5 1 i 05 4 2 R 0 S 12.40%
T NayCO; + SNP 4 GOGAT & Jy WL ig & F e 1
24.02% , Ui W] SNP e AL ZZ i GOGAT Hi B 3 it 1%,
(36 1 T R AR SRR L A DLz %

YA LR G ERE, GDH A4 i 3 A 52
K o - KG MR JF AL, SRR A BT, . hE
Glu B E R IE ], « - KG, i GDH ikl Ay ik
WA A PLEAL Y IR IR 2515 . NapyCO; 402,
GDH & PEASKE ST, 43501 Ry Xof BRI SNP B b 34 Y



156 T2 X AR AT

o535 &

1.75 /% .2.08 1%, & A AL B4 GDH {5 45 21 2 40
i, LB R IE T 26.24% (P < 0.05) , {H A i3
TR FEARFRE B N TG R I AR KRS B N
SNP, i 238 i 52 A Ab B, 26 GDH {57452 A
() BE ] o 0 — T T E a2 3 1 X G
WG A IRACESZBH., CO, [F] 141 1 4 B 422 52 il 3 2
FEPR G I R AL AN BE (R IE R, i Glu K 4k
AR , Bk [14k /1 NADH Fl o — KG, #%535 2 M-S A {1k
N Z IR A B 8 93— T T GDH 5 21 5%
FUAARME, B E W T GS. GOGAT 45 4% 25 A Rl L i
16 71 R RE NH, " R R B0E T GDH TG 7t , &
TR A B EEAEH

B I B m] V1 2 R B R SR IR B 4l 1 A
MR, ME 3a ol LA H A BRI R A &=
BT 14.65% ,6 d By ik 2 WE(E, JLET T & F X R
37.73%,9 ~ 12 d W2 .35 T B 3, 2 B X
WA 83.22% .73.43% (P < 0.05) ., #5510 75

4b H I 7] Trement time/d

TR A B 2 T, BV A 5 B
KT TR AR, 5k TEARM R E
Ffift . SNP JGie & Jphid 2 52 A A 3, B4R i 1 &
HR AR, U R A b H v 5 30 , HL  EL IA R
JA R 1.60 £ LA Lo BRI (3 d), 8 H K
R PRI R T 0 IR 8.42% (P > 0.05) , I T Pk
Wb T, Ak LS SRR 7R e SRS, BN B S A
IRFXFRERY 1.85 A5 (& 3c) 5 Ui 25 A LR b i Fh W R
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Fig.3  Effects of NO on soluble protein(a) ,free amino acid content(b)and protease activity(c)

in leaves of pumpkin seedlings under Na, CO; stress
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