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Abstract: A sand culture experiment was conducted to study the effects of NaCl stress on the
seedling’ s growth, active oxygen metabolism, and osmotica contents of Avena nude L. (cultivar
Dingyou No. 6). Six levels (0, 50, 100, 150, 200, and 250 mmol - L") of NaCl were in-
stalled. NaCl stress inhibited the seedling growth significantly, and the inhibition was aggravated
with increasing concentration of NaCl. The maximum concentration of NaCl that the seedlings
could be in resistance to was about 150 mmol + L™'. With the increasing concentration of NaCl,
the leaf O, production rate and H,0, and malondialdehyde contents increased dramatically, the
activities of superoxide dismutase, guaiacol peroxidase, and ascorbate peroxidase decreased after
an initial increase, and the catalase activity increased gradually after a rapid decrease. The NaCl
stress decreased the leaf glutathione content markedly, but the ascorbic acid content was less af-
fected. Under NaCl stress, the leaf proline content had a significant increase. With the increas-
ing concentration of NaCl, the leaf Na® content increased markedly, the K* content and K*/Na*
ratio were in adverse, the plasma membrane H*-ATPase activity and the contents of total soluble
protein, heat-stable protein, and heat-unstable protein decreased after an initial increase, the
free amino acid content decreased first and increased then, and the soluble sugar content presen-

ted a trend of decrease-increase-decrease. All the results indicated that the imbalance of leaf
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active oxygen metabolism, the disturbance of leaf Na* and K* homeostasis, and the more con-

sumed energy for osmotic adjustment by accumulated organic solutes under NaCl stress could be

the main causes for the growth inhibition of the seedlings.

Key words: Avena nude L. ; NaCl stress; active oxygen metabolism; osmotica.
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A, 5 2.0 mL 5% =& LR 15% (B R 1
TR 521389 15000 g B0 20 min, EIHRER



KT A5 < JHESE Al v 135 P 4 QO A8 328 181 7 ) R AR 3R0F NaCl 3t Fy i 2257

£ 2.0 mL, /ERIEABEHBE(GSH) F AsA B4 HRL
W, 43 3I% ) Ellman (1959) F1 Arakawa 25 (1981 )
A7 I E GSH Fl AsA &,
1.2.4 MR R R I R A T R
A miE 2 5R 224 42 (2000) 9 B0 L
03 B = B (3 A S K A R I R M R T A
PERE B AR A AR S . A i
G-250 3561 S AT PR 2 1 & i (225 42,2000) , DA
BSA YEFRUERR 1, #2522 U055 (1996 ) 1 5 15 D
PREERATE TR EEA &5,
1.2.5 JREJE H -ATPase JG A1 Na* K* & &1l &
I F B SRS O H - ATPase T PEI 5 5% FH R 1
JMESE (2007 ) 195 e, Na*  K* 4% F 5t X mf R
(1995) F) )5 a4, FP640 1K KA REHHI & &
1.3 Hdnkba

K SPSS 16. 0 #4475 2% 43 #7 , Duncan 35 K5 55
ZERBEM(a=0.05),

2 HBRESH

2.1 NaCl P38 X 3622 4y i AR K 0 52 )

M1 AT UL RS NaCl ¥R B 38, 8622 2 i
PR INE S EM T RS TREE, 5 CK AL,
50 mmol + L™" NaCl &b P A bk i 3G finfeL & =5 F 15
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NaCl i it 5 % I, A PR 52 B — E 19 25 555 200
mmol » L™ ML R NaCl AbFEAYLITG AU ZEEE ™
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Table 1 Effects of NaCl stress on enhanced plant height,
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H,0, A1 MDA & i 5 i

MFE 2 UL BEE NaCl He R R 32 v, 622 4h i
A0, FRA R H,0, Al MDA 5 hE S 1 fa 3
7 NaCl ¥ FE 4 50 #1100 mmol + L7 Hf, 0,7 p= 4
RE CK Z3AEE,150 mmol « L' KL H L FHkFE
AEFRIY O, " P AR R I 2 = T CK, HAH T ) 25 5 i
# ;50 mmol - L' NaCl 4bFEfY) H,0, iS5 CK ML
LA K, 100 ~ 250 mmol + L™ NaCl Zb3i H,0,
Fr AR R (A5 VR B AL B R 22 SO 18 35 50 AN
100 mmol - L™' NaCl ZbBEF MDA 7 5t B 3 T i
KT 100 mmol - L™ NaCl A8 454 B b B ST & 2408 5
T MDA & i (HAHE AT B EE 5,
2.3 NaCl Wi 8822 41t - Fr 94 Ak 3R G i

3 Bon, BEE NaCl ¥ JE 59541, SOD . POD
FAPX {PE R e T IS B A2 4K, 100 mmol + L' NaCl
Af 38 HR B M A R, R S B TR AR 2 CK 7K T 8
PLR 5 CAT 395 1 D) 222 11U T o I o2 ¥ T o 1 34 A
1. 5 CK ALt , 7€ 50 mmol + L' NaCl £~ GSH
S RO A IS B NaCl 9 BE 880, GSH & i+
THEZE CK K, 7E 250 mmol - L™ NaCl i X & %
CK VAR, AsA &HBE NaCl K E R A K,
2.4 NaCl hria X822 4l i v R s B 8 ) ot &
%) 5 Wi

H1 3¢ 4 AT, B NaCl ¥k 38 i, e 42 4
M ST T R R ST AR AR, 7E 100
mmol + L™ NaCl i B A KAH . Al P 1 h s
FEFIHANRRE 6 % Bl NaCl ¥R 2 5 e Tt e
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F2 NaClBrEXt#ENF 0,7 F4E£#E %R H,0, #1 MDA
SENZMm

Table 2  Effects of NaCl stress on O, production rate,
contents of H,0, and MDA in Avena nude leaves

weights of fresh and dry in Avena nude seedlings NaCl ¥ JiF 0, 7 R H,0, && MDA & &
NaCl ¥ & YIS fif P (mmol - Lil) (nmol -+ g_l (wmol - g71 ) (nmol - gil)
(mmol - L71) (em) (mg - plant™)  (mg -+ plant™) - min7")

0(CK) 4.81+0.28 a 43.20+2.59 a 5.29+0.13 a 0(CK) 2.56+0.08 d 9.14+0.74 b 13.74+1.49 ¢
50 4.84+0.19 a 43.56+3.18 a 5.34+0.08 a 50 2.69+0. 13 d 9.64+0.82 b 18.95+1.86 b
100 4.52+0.01 a 35.15+2. 11 b 5.17+0.08 a 100 2.77+0.08 d  17.32+0.55 a 20.18+1.79 b
150 3.49+0.18 b 31.64+1.85 be  4.75+0.14 b 150 4.00+0. 13 ¢ 18.35+1.24 a 25.11+0.95 a
200 2.17+0.44 ¢ 27.16+3.04 ¢d 4.61+0.17 b 200 4.62+0.15b  18.82%1.31 a 28.76+1.97 a
250 1.55+0.37 ¢ 22.08+1.57 d 3.97+0.24 ¢ 250 5.53+0.07 a 19.57+1.75 a 28.86+1.35 a
) FAN ] B s b B R] 22 7 .35 (P<0.05) o R I, Holls LA I,
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Table 3 Effects of NaCl stress on activities of SOD, POD, CAT and APX and contents of GSH and AsA in Avena nude leaves

NaCl ¥ & SOD i 1 POD i CAT 51 APX i GSH & AsA i
(mmol « L") (U-g™") (U-g™) (U-g™") (U-g™") (ng-g™h) (mg-g™)
0(CK) 142. 41£10. 04 be 1.49+0.05 ¢ 81.27+5.67 ¢ 9.25+0.47 ¢ 9.36+0.13 a 0.20£0.02 a
50 144.139. 84 be 1.8420.04 ¢ 64.60=4. 00 d 16. 3120. 56 ab 6.91£0.15 ¢ 0.24%0.02 a
100 190. 14211.90 a 4.86+0. 14 a 93.71%6.19 ¢ 19.47+0.58 a 7.22£0.12 be 0.23+0.02 a
150 158.58+5. 86 ab 2.5920.08 b 115. 86+6.67 b 12.98+1.23 b 8.29+0. 11 ab 0.2420.01 a
200 130. 37+14. 49 be 2.36+0.09 b 122.13+4.33 ab 8.72+0.94 ¢ 8.210.22 ab 0.22+0.01 a
250 117.728.66 ¢ 1.4920.12 ¢ 133.90+5.12 a 5.090. 64 d 6.980. 14 ¢ 0.23+0.02 a
BRI T,

F4 NaCl B HREHHATAEED AIAEE FERERNEERSENH (mg - g7')

Table 4 Effects of NaCl stress on contents of soluble protein, soluble sugar, free amino acid and proline in Avena nude leaves

NaCl #¢ & ST WEE WATE AT PENE e B 2 HE R iR &
(mmol + L") EAHSE EHGE EAHSE i o

0(CK) 3.60+0.01 ¢ 1.95+0.01 b 1. 66+0. 03 be 1.85+0.04 b 1.80+0.02 a 0.11+£0.03 ¢
50 3.90+0.08 ¢ 2.17+£0.03 b 1.74+0.11 b 0.80+0.03 c 1.19+0.05 ¢ 0.43+0.02 b
100 5.51+0.17 a 3.25+0.15 a 2.26x0.11 a 0.78+0.11 ¢ 1. 26+0. 08 bc 0.38+0.01 b
150 4.82+0.09 b 3.03+0.15 a 1.79+0.06 b 0.93+0.12 ¢ 1.85+0.17 a 0.40+0.01 b
200 4.56+0.08 b 3.16+0.08 a 1.41+0.08 ¢ 4.54+0.07 a 1.55+0.02 ab 0.62+0.01 a
250 2.48+0.10 d 1.64+0.02 ¢ 0.84+0.04 d 1.84+0.09 b 1.84+0.01 a 0.46+0.05 b
B LI

EEMA SRR T A NaCl #E K TR EE 3 i i

Fo ATV PR & B NaCl ¥ B 5k 5 [T
1k, Ui 8 S R i AR SRR S THE # . NaCl By
AR RS R TR i, I BE W 18 5 R R
BT E R FREARE,
2.5 NaCl Whpia ez 4y i 7 B fE HY-ATP %
PERT Na* K* 3 HE (5200

NaCl 38, #E22 Ly f v Na* 7 it B 4l 3
K e K'/Na® i 25 FEAIG, 38 in ol B 0% i A 132
BH NaCl ¥ 8 14 JC Ty 14 9 5 B JiE HY-ATP il 3% 14 B
NaCl & B 35 fn 2 55 7+ & 5 F B A8 4k, 76 150
mmol - L' NaCl Hﬂ‘fﬁ‘f@k%%,ZSO mmol -« L' NaCl A7}
F2 CK AT (F£5),

&5 NaCl ffvig Xt & My BB H'-ATP BiE 1701 Na* |
K'& 2850

Table 5 Effects of NaCl stress on plasma membrane H"-
ATPase activity and the contents of Na*, K* in Avena nude
leaves

NaCLWRE  Fft H*-ATP Ko Na* & i K*/Na*
(mmol - I (mmol + g™')  (mmol - g71)
L (pmol Pi - mg™!

protein - h™")
0(CK)  1.2320.03c 1.2120.01a 1.22¢0.02d 0.99%0.04 a
50 1424007 be  1.1950.01a  1.3240.05d  0.900.06 a
100 2.16£0.14 a  0.91£0.04 b  1.5620.07 ¢ 0.58+0.05 b
150 2.33£0.05a 0.77£0.02 ¢ 1.88£0.09 b  0.41£0.02 ¢
200 1.630.07b  0.76£0.03 ¢ 2.38+0.11a  0.32+0.02 cd
250 0.77¢0.12d  0.7120.06 ¢ 2.4120.12a  0.29+0.09 d
BARUAT EE,

3.1 ERMWan X e Ay i AR A RIS M A s
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