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Abstract: Choosing fresh cork oak seeds and using Petri dish and filter paper germination method, the NaCl and Na,CO,
resistant potential of Quercus variabilis seeds with five different NaCl and Na,CO, concentrations (0, 50, 100, 200 and 400
mmol/L.) were examined.During the experimental process, the seed germination, radicle growth, three protective enzyme
(SOD, POD, CAT) activities and the organic osmoregulation substances ( proline, soluble protein and soluble sugar) were
all measured, and the correlation between the seed germination, radicle growth rate under NaCl and Na,CO, stress were
analysed.The results showed that: (1) NaCl and Na,CO, stress had no significant impact to seed germination rate and
germination index, even under high Na® concentration (200 mmol/L) stress, seed germination rate was still higher than
contrast. With the addition of Na* concentration, radicle length, radicle growth rate and fresh weight of radicle under two
kinds of stresses presented the downward trend.The vigor index and salt tolerance index under NaCl stress increased at the

lower concentrations (50 mmol/L.) and then decreased at the higher concentrations (100, 200 and 400 mmol/L) , but they
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both declined under Na,CO, treatment.Relative salt-harmed rate waved under two stresses, they were lower than the contrast
under 50 and 200 mmol/L Na' concentration, but were higher under 100 and 400 mmol/L Na® concentration. (2) The
regression equation between vigor index, radicle growth rate and different concentrations of NaCl and Na,CO, stress were
found, and they showed that the critical value of the vigor index, fresh weight of radicle, radicle length and radicle growth
rate under NaCl stress, were 300.0, 300.0, 333.6 and 369.6 mmol/L respectively, they were 69.0, 67.2, 182.0, 187.5
mmol/ L respectively under Na,CO, stress.(3) Under two kinds of stresses, with the increase of Na* concentration, MDA
(' malondialdehyde) content increased significantly; SOD (‘superoxide dismutase) activity decreased after increasing under
NaCl treatment, but they were all lower than the contrast under Na,CO, treatment; POD ( peroxidase) activity had no
significant change, CAT ( catalase) activity was down and then rose.Proline, soluble protein and soluble sugar contents
were increased in varying degrees with the addition of Na® concentration, they were to the maximum under the largest
concentration of NaCl treatment, and they were all higher than the contrast under Na,CO, treatment (4) Under the same
Na" concentration stress, the growth indicators such as seed germination rate, germination index, radicle length, radicle
growth rate and fresh weight of radicle under NaCl treatment were all higher than that of Na,CO, treatment,
malondialdehyde, protective enzymes (SOD, POD, CAT) activities and osmotic adjustment substances ( proline, soluble
protein and soluble sugar) contents were all lower than that of Na,CO, treatment, which showed the effects of Na,CO, stress
on seeds were more significant than that of NaCl stress.Thus it can be seen that cork oak seeds increased protective enzymes
activities and contents of osmotic regulation substances in vivo to adapt to the salt-alkali stress, making the inhibition degree

of germination and growth to the minimum.

Key Words: Quercus variabilis; seed; germination; salt and alkali tolerance; protective enzyme
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1.1 SEEepbR

S FFR TR F R B AR A A o 220 At R B B GRS . 2012 4F 10 A 6y RAi AT I K TS 25 Bk
2SRRI, R H T IR M A B AL AR 8 B iz IS 36 % 7F 4 C kAR P IRAF 4

TR/ 0N B B R T R 2 1) B TR EE B0 A LA 1000 A x3 41 S A 4F Sk P 3 (AR iR
22) o 2) P FR/NLLERATCH R AE, DI 20 R 1Rl SR, 3) R 11 i, 80 CHET
ZAEE W Sk, 4) 1% 70 5E SR B RARIE GB2772- 81 ARA R T30 07 ), AR AL 5 v AL L
50 KiFhFaE T TTC HEME s A gait %

RGN | SH6 A B ARFT T A2 (15.5942.23) mm, K (21.07+1.43) mm, Tk 5 (3720+109) g, Frifte
Fe R Rl K 75.51% , R 735 J17E 90% LA b, SEBURTE  R/N SRR
1.2 FpRE% R phaa ab 3

(1) FRFE TS 56 A B AR & Sk T il v o

NaCl 5% : 1] NaCl I /% Na* % YR 50, 100, 200, 400 mmol/L 89 e, #H )% pH (¥ K 6.6 (
NaOH ¥ IHRL) 5

Na, CO, ¥ : FHNa, CO, Bt i Na* ¥ B2 730514 50, 100, 200, 400 mmol/L FYIE T, A pH {H M 8.9,11.6,
11.8 F111.9,

(2)2012 4E 12 A 15 HIFGEF T & Wi S2 5

PEHUK /NI — | L HRL 6 A A J AR A, FH B SRR P17, 28 0.1% HeCL IH # 10 min, 281K ik 3 IR,
WK AR TR K G BT T EA 2 EOMAM 1 24N B 12 em) P, B— K IR
PRI 20 RiFh -, SLEHrE NaCl FiNa,CO, 2 LB, BEAAb 3 4 DEREEKSE B KF 3 IRE R, NaCl b3 R
LA A 10 mL AR 9 NaCl ¥4, Na, CO AL ER A 5182 A 10 mL AR E Na, CO IR W, 8 g 4T 1 1,
FHZEIRAKAEXT R, 35 DI, ABG IRV IR 78 &, 2d B4 1 IREZ ZFIR, B35 3R LE T SPX- 150B-Z 4= fb K
FRFAN TR 25 C  AHXNBEE 60% , 4 R R FE 10 d,
1.3 BRI
1.3.1 ARKAERIE

DI T8 FE N & 2005, B R BRER T0 SRRl i & 45, M IRAR K B, b1 2% 1) B B 4 [ B e
R R RS & 2 K HCk 10 d' L BT 10 d Z IR B B 7, 2 25 25 00 T 5 A AR fif 7

BRHE G = n/Nx100%
K, n R LR N AR
KB G = Y, (Gi/Dr)
Ao, Ge EFE] ¢ H RSB R EL, De AR A & REL
15 138 % v = SxGi
K, s MIRMREER Y
KR = L/ Y [Ni x (Dt = Di + 0.5) ]
Ao L3545 — LA 43R & Fh 1 ARl RS BE (0 SR N H8 55 ¢ RV B R B 788, D 5S04 iy KR AL
(10 d) ,Di #6455 i K1),
it Ehi8 %= Vv &8 / Vv 7K x100

X, Vi R R0 R A5 08 S8R, Ve K R B BUEA & TR AR A

HIXT R

RSH= (X BB AR -AbBRHE & R ) / X B & % 100%
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TS 2 165 S - S A 7 FE B T Na® 36 YR B R 47 AF DG A0 AT, 55 T 2 A A AR S JUI R AT 105 AT, AR 43 Tl
VA R R T R AR, R I (A 5 ol A 5 2 1 A G A 6 b 488 i 3 X5 R B 2009% Bt T o 7 ) ¥
JE | 53 5 R B R R 67 A S AR B A B X HE 1Y) 509 R i Xof I pry il 21
1.3.2 BRI E

PR RERER B T & A5 AR USSR LR & 28R I RAR 0.1 g, B FHUA M AFER b | inad & 78
() 50 mmol/L BERRZE IR (5 1% T LIFMLME Bl , pH L 7) S/ i A7 5y 7R VKR TR F S L) 3K 72 2—4 C
T,12000 r/min B.0> 20 min, IS A B

SOD ( superoxide dismutase ) E‘J?ﬂ!“%%ﬂﬁ%%i[zz: R, DA ) G2 A il 25 U Rk s G AR R SR 509% R —A
P PR B 678 . CAT (catalase ) I & FH S8 /MRS L 1 min N A240 /0 0.1 #) B & o — > B G 7 B
f2%), POD (peroxidase ) A 5E FH AT BB YL 3k, LIS 1 min 9 A470 2546 0.01 S —>ad S8 ALy il 76 o 2
BT AT R A R D 2 ek I

PR R R PR R PR L L BRI s ) BRI FR L 2R IR 0.1 ¢, LA 10% TCA( =
L) MGEWTE, B0 )5, B EWE A 10%TCA 44 2 mL T — 28 B0 h, s &5k 15 min, B RS
O, TE WO GE BRI U FR IR ZE R T IRAR 0.1 ¢, JITA 3% B 37K A% BR Vi TRT I W 0 T
SR ABIB DA, W KIS 10 min , A E0ESO 5 W E 1 3 I RD A i 22 R A B IO, SR FHER = (a1
ERR,
1.4 Bk

JIFASEL I T SPSS17.0 AT R R 3R 5 25407, JFAE B AR KV 95% 1 ] Duncan 75 47 2 & LWL, —1K
PRI B B R 25 3 R A SR, SR 5 R Excel2003 25111 A% .

2 KWHERESH

2.1 NaCl FINa,CO, JFiiE X A4 J A% b8 & 152 )
2.1.1  NaCl FINa, CO, JBr3e X 48 B2 KA T S i & 6 14 5%
ﬁﬂ@ 1 F)]"% ,Hj]‘iﬁgél:;ﬁ( 10 d) E , Wﬁﬁ‘ﬂ‘ﬁﬁ? E@ﬁﬁ O0mmol/L @ 100mmol/L  ® 400mmol/L

B 50mmol/L 8200mmol/L

J¥ip &

Total germination/%

T T T T T T T T T 1

KRB shka, XTI & RN 75% ,50 F1 200 100

mmol/L Na™ ¥ &, NaCl FINa, CO, [Fr361 b B () i & 2R 90
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KT XF B E 100 mmol/L Na,CO, 8 T, i & K3k o

AR (62%) . HEAT LR R I 25 0 M i e B, 1 i Ak 20

SIHR T B 2 4 BT W RO B B2 b, A oLl L ‘

Na"WeJE 4614, NaCl 19 % % S 2 75 T Na, CO, , 41 M et

Nazcogﬁr}n%ﬁiﬁﬂg%uﬁ& NaClL 5 e 1 NaCl FINa, CO, B8 B AR T3 358 EO 0

2.12 Z/aCl AINa, CO, XS B AR Al A 55 R 2 Fig.1 Effect of NaCl and Na,CO, stresses on total germination
el R R AR Na® W EAE P<0.05 KT 1252 53

RZFEGF AR T R AR | H R DL RO S 3

AR ZE, e Al K 25 R g 4 T b S b & 500, 4 2 iR, 50 AT 100 mmol/ L NaCl 4b B R fif

T & ZEFEET 2 X BRAG 1.08 1 1.05 1%, 22 Jo i 2 A PR v B 1 T v & 28 48 BUAIX, 400 mmol/ L B 5 %]

XTI 93.7% ., THENa,CO, AT, £ Ab 3R B 1Y & ZF 8 4 2 ik st # B LT X IE . 100 mmol/L AbFE T

RSB EARAA, (XS BRI 72.2% ;200 mmol/L ARBE R iK% BRI 96.0% , HE47T 8L R Iy 225007 J5 2B, Wi ih

X T & ZE AR B BT B, MR Na W2/ T, NaCl 19 % ZEF5 BB 2 7 TNa, CO, , Ui Na, CO, X}
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b5 1) £ 5 45 NaCl sy, 3 EOR 1 7 580 H R 3 8 1952 BRI

2.2 NaCl FNa, CO B % 4 B2 BRA A= 4 1 52 1k 00mmol/L & 100mmol/L M400mmol/L
0 50mmol/L 8 200mmol/L

2.2.1  NaCl HINa,CO, Bik30 % 1 K 45 T R AR A K 11 il o a

PO AR BEAR A E I T LU W R A B8 20
HOREE, W T IR (10 )R Nal SE el | |
ART R VR A AR G TR B Na' vl © 03 E

FEIN R TR 7E 400 mmol/ L 1k B I T A 3 fe A% 10
3R IR 45.4% 44.4% 30. 6% , H. 5 % I8 2% 5 5 AR Treatment

#o Na,COMO TR BE JIRARAE R A FFIRAREE @2 Naci#aNa, O, Bintie AR T £ SHRMB I
RPN TR, BT X8 400 mmol/L Na,CO,  Fig.2 Effects of NaCl and Na,CO, stresses on germination
[ R 2 9T B R BRIY 32.6% 41.7% 23.4%, MG index

Na* W BE 2510 T, NaCl A0 3R B IRAR A B AR A= Kl

FEFN AR fF 7 32 K F Na, CO, , 16 B Na, CO, W38 5% B 1 AR A= K 52 i B8 oy ™, 5 60 BEAH 11, 400 mmol/ L
NaCl 38 T4 BT A4 A2 209 ], B AR 9 0 48 2 5 171 78 [7) ¥ BE Na, CO, it ™ AU AR I v A8 26 | Fh -
ARG ER(E3),

F 1 AERE NaCl FNa, CO, BB X112 B M F AR R K B | BRAR 4 <55 % A0 AR 4R &% 55 19 %2 1
Table 1 Effects of different concentrations of NaCl and Na, CO; on the length, growth rate and fresh weight of radicle

—" R K TR HE K TR
Na* Concentration/ Length of radicle/mm Radicle growth rate/ (mm/d) Fresh weight of radicle/mg

(mmol/L) NaCl Na, CO,4 NaCl Na, CO; NaCl Na, CO,4
0 28.9+4.8a 28.9+4.8a 1.08+0.011a 1.08+0.011a 295.0+0.02a 295.0+0.02a
50 24.8+1.2ab 17.5+0.5b 0.92+0.023ab 0.70+0.005b 282.4+0.25ab 112.8+0.26b
100 23.4+3.4ab 14.2+3.8bc 0.90+0.012ab 0.58+0.017bc 265.9+0.35ab 78.6+0.25hc
200 17.5+3.0¢ 18.7+4.4ab 0.67+0.007be 0.68+0.010b 189.0+0.09be 85.6+0.19b
400 14.2+0.8¢ 10.2+0.9¢ 0.48+0.009¢ 0.45+0.005¢ 90.4+0.38¢ 69.1+0.24c

TR 400 mmol/L NaCl _ 1.] 400 mmol/L Na;CO3
+ Sl

3 #A% 5 d )EX R K 400 mmol/L NaCl #1Na, CO, fifrBl 432 T B4e B #57h F
Fig.3 The seeds under CK and 400 mmol/L NaCl and Na, CO;stress after five days

E S A I3 A M A ST R TR0 R B 5 AR A 2 (E] A [T UA 5 R, ke A R AR T AR IR B IAR
A K A R BRUYRE BAT A SE AR, B NaCl 8 T RHR G FE AR B2 AR AR R A i FAEL 23 501
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4 - NaCl FlNa, CO, JHp0 X5 # Je 1 S 2l it AR 5 i) 747
300.0,333.6.,369.6 mmol/L;Na, CO,lHl T HIGAAE 5378 67.2,182.0 ,187.5 mmol/L(F£ 2) ,
F2 REHMFEREK FHRYESHEPENEXREREIEFSE
Table 2 The relationship and regression equation between radicle growth, vigor index and different concentrations of Na*
A . o _— e
equation (R*) (mmol/L)
JRAR K NaCl y = 9x107542-0.0732x + 28.903 0.990 333.6
Length of raticle Na, CO;, y = 0.0001x>-0.0756x + 24.897 0.629 182.0
AR A= NaCl y = 2x1077%2-0.0002x + 0.1074 0.984 369.6
Radicle growth rate Na, CO, y = 4x1077x%- 0.0003x + 0.0961 0.709 187.5
DAY NaCl y = =5%107°%%-0.051x + 36.369 0.927 300.0
Vigor index Na, CO4 y = 0.0004x%-0.1932x + 27.969 0.777 69.0
JY AR i NaCl y = —0.0001x>-0.485x + 302.71 0.987 300.0
Fresh weight of radicle Na, CO;4 y = 0.0031x*-1.6688x + 245.67 0.745 67.2

2.2.2  NaCl FlINa, CO, JFle X #2 Bz BR A1 16 505 1)

T35 77 b B & 2838 1) DN A B B S B 7 S B 2% 14 T W 2% 3038 R 55 15 LA B 4 v o A K i v
LB 4 FR, NaCl A T 0975 148 500 50 mmol/L B 34 5 5 A {8, & XF BRIy 1.17 4%, 100—400
mmol/ L Y& & T 1 JJ 8 ECA T T B, 400 mmol/L B F BB FRAIX, 5 X M 22 5 3 1T #E Na, CO, Rb B 1%
BN T X H 22 57 03,400 mmol/L ' FERIFARAE, M X R 19.3% . AH[RINa" ¥ BE 2544 T, NaCl
(A3 148 B 85 F Na, CO, , BB Na, CO, AL FEXS 0 1% 1 Ml AE K F NaCl, 7 R I8 25044 16 )
FER 5 Na #4907 72, & BLILAE NaCl FINa, CO, A T A1l A5 23514 300.0.,69.0 mmol/L(F 2) ,
2.2.3  NaCl FlINa, CO, JBiri X A K AR A~ it ER 5 Z5ORN AR XS 5 55 22 1 5% 1)

X 5 23R S A 2 R 32 Uik A9 4 5 R it S i 50 L R 8 B T 2 R, R 3 R R
tH, NaCl JiHE T ,400 mmol/L B AR XS 53 338 B i KAE, T AE 50 F1 200 mmol/L T NI A2 BI85, S M
TR M K 52 B 3 5 Na,CO, AL FE TR, 100 mmol/ L B A X £k 2 R 3K B 45 K, 1M 50 mmol/L T 2 B A 2 i
NaCl Jfr38 B Fh Bt ER 75 40 7E 50 mmol/L AbFR T 35 B i RAA, S X BEAY 1.17 £, 100—400 mmol/L ¥ & T
Tiif b HCAN T T B, 7E 400 mmol/L FRERIEAL, H 5 X IR 25 5 82 11 #£ Na, CO, &b J T B 7 ifif £5 78 Z35 41K
FXF AR, 400 mmol/L T [ AR, SO X BRI 19.3%, HHIR] Na* ¥R BEA1F T, NaCl [T 5548 SO AR X 3k 35 R
BT T Na, CO, , 15 Na, CO, AL B X b 1375 1 5935 E /8K T NaCl,
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£ 3 TRKE NaCl FNa, CO, B8 3t #& 5 #57 F it 25 15 2 18 3 £
BRI
Table 3 Effects of different concentrations of NaCl and Na,CO; on

salt tolerance index and relative salt-harmed rate

Na* e i it 45 4 LiEROEANFEES
Na* concentration,/  Salt tolerance index Relative salt-harmed rate
(mmol/L) NaCl  Na,CO, NaCl Na,CO5
0 100 100 0 0
50 116.82 42.07 -13.33 -2.67
100 92.47 22.96 2.22 17.33
200 66.82 27.85 -8.89 0
400 26.04 19.01 8.89 13.33
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2.3 NaCl FINa, CO, [P X 44 K A5 A 25 ARV 152 1)
2.3.1 NaCl FNa,CO, Jir3f % # J AR~ PN 0 % 12 B2 DR BT 2 140 52 e
FERLYIHT M S5 Hh 38 F F N B (MDA) 19 75 0 O0mmol/L B 100mmol/L M 400mmol/L
Aok 5 I T AL TR, B N R 0 T D omml 8 200mmol/t
i, PIARAR R 19 MDA 5 s 35 2 BT E a3 (BT = e 12 [ a
JE R, H.Na,CO, B0 F B9 MDA 2 43985 T NaCl ([ 14l
5) , 1] UL Na, CO, Bl T # B2 AR B 1) B A 2o S A 2l b
B, 08 | i)
1E NaCl 38 F ,SOD 3 HEZE 50—200 mmol/L i3 ool
X (H S X G 3 25 5 1T 400 mmol/ L B & 3 02| |;
RTFXTHE . #ENa, CO, A T, SOD 1 PE AL % it (& NaCl
6), H 5% E22 5 2 . NaCl A3 R 4 SOD 1% 14 & 4H
[F1% J# Na, CO, A B 1.01—1.03 45, B8 SOD X iy BS FERE NaCl HiNa, CO,BHBXTIE R T —R &R
g Ea0)
LRt N Fig.5 Effects of different concentrations of NaCl and Na, CO;on
PR AEEET POD 1 P2 52 BRI S a3, LAEBEIA] e MDA (malondialdehyde) contents in seeds
B REFL (K 6), % Na" #JEF, Na,CO AT
) POD JEPEIE T NaCl, $iHH NaCl X POD 3% P A3 I #2L BE K FNa, CO,
CAT {EPELE NaCl FlNa, CO, il N B 2 BUERAUS FHE 3, PIFAEEE T Y CAT {GPEFE 50 mmol/
L Tk B ARAE, 5090 8 X BRI 76.8% . 93. 1% , Z J5 ANWi T+ &, NaCl Zb FEAE 400 mmol/L B 3k 3| 5 KA,
Na, CO, A 7E 200 mmol/L B AR KAE (& 6) . %5 Na™#JE T, Na, CO AL FE T Y CAT 3544 5 F NaCl, i3
B CAT 16 X R 36 S0 B AR T i
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6 [ERE NaCl #Na, CO, B Xt i E #R#F SOD POD,CAT i& IS0
Fig.6 Effects of different concentrations of NaCl and Na, CO;on the SOD ( superoxide dismutase) , POD ( peroxidase) and CAT ( catalase)

activities in seeds
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