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Abstract: The effects of NaCl stress on ion balance and physiological and biochemical characteristics of Quercus dentata
seedlings were tested to provide reference for understanding the salt tolerance mechanism and the application in landscape
architecture. One year old seedlings of (). dentata were used as plant materials, and were treated with 100 mmol/L, 200
mmol/L, and 300 mmol/L NaCl solutions for 30 days through Irrigation. The changes of ion contents and physiological and
biochemical indexes were measured at different time. The results showed that with the increase of NaCl concentration and the
prolongation of treatment time, the indexes of seedlings showed the following rules: (1) a large amount of Na* was

accumulated in roots, stems, and leaves, which caused ion toxicity, leading to leaf damage. And the Na" contents of roots
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were significantly higher than that of aboveground parts, which was helpful to reduce the damage of aboveground parts; (2)
the K* contents of each part decreased, and in the roots the decreased degree was more significant than that in stems and
leaves. This resulted in significant addition of Na'/K"; (3) Ca® transported from roots to the aboveground parts, and the
contents of Ca® in leaves increased significantly, which helped to establish a new ion homeostasis; (4) The Mg®* contents
presented decreased trend on the whole; (5) the water content of leaves decreased gradually, and the content of
malondialdehyde and relative conductivity increased gradually. And the change was more significant under severe stress;
(6) Under mild salt stress, the activities of peroxidase ( POD) did not showed obvious change, and the activities of
catalase (CAT) and superoxide dismutase (SOD) increased gradually. Tut the activities of three enzymes decreased under
severe stress; (7) The contents of proline and soluble sugar accumulated in a small amount to help regulate osmotic
balance. In sum, (). dentata seedlings can improve salt tolerance by regulating ion balance, enhancing antioxidant enzyme

activity, and accumulating osmotic regulators. The (. dentata seedlings can resist NaCl stress below 200 mmol/L.
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Wil #% ( Quercus dentata Thunb. ) ZAU T HIIX BT ZE & LRI Z — | BAGBRFR KU, DR RK 2 R91ER . Wb
) Rk AR LT R FR AR AT AR RIS S (B o bt ot DM B8 0, 2 A ZE L B D AR
FEFR L X 55 R SRS b | T S 3l 1T el Ak g Ak v A A 20 L 3k TT B 5 1 b DX 8 i B0 A O
A 5T el ARER AL Jmp FE M AR 1 Ay S T ARAR R L 1) 151 & AR BRIt 1 AR A T S M i

BRIl 9 A 200 I AR, FE T2 M - 8 T b A5 1 T I RE R AT ARG . T BB AF O AT 4 5 X RRA Fy it
MR ST, A, 22 ) N AF LA T B W38 X AU MR ( Q. aliena B var. pekingensis Schott.) FlEE 14 it AR
( Q. aliena Bl. var. acuteserrata Maxim. ex Wenz. ) 5743045 S A FEARPE 2 A | AU SRR Eh P00 T8 itk | B
W EAL S IX AR ARSEAE . MAR R AT K T ia k5 40T T RRAR ( Q. acutissima Carruth.) 13575 JE IV 4k
(Q.virginiana Mill. )2 BEFP A ERE 35 6 AR ELAT S £6 2 | FRAR U A 5 SO AR ) L 2 AR A 9T
TR Q. variabilis BL.) 7E NaCl W3t T 125 BRI 5 RS AR REAS T 52 0.69% e BE AR A ASTF R
W BT A TE 22 57 BN I R AL TR 2, ok A AW M bR B R BRI 3R B, 3 i T AR AR
B AR A AR bR 1Y A8 Ak 5 LT Eh RE T R EEAH G, Y% K (Pistacia chinensis Bunge. ) TE = & B NaCl JiiE T
PR T R A0 R R R, 51 A0 AR Y . TP ( Ewonymus alatus (' Thunb.) Sieb.) V0%
( Elaeagnus angustifolia Linn.) F13E [E B ( Fraxinus americana Linn. ) ZEER A FARZEMHH Na* S FH &, K 5
HAME I R PR RE LA NaCl 4bBE R ykim-H HAE ( Mesembryanthemum crystallinum L. ) dGEF BB 5B T Y)
TR P A B I M, DLOE N R e vk R R 30 21 R ( Apocynum venetum L.) | . ' Hb 43
( Parthenocissus quinquefolia ( L.) Planch.) M F w0 A 3 P % Il 20 02 W & BU R 3R aa T X3 & 4% W
( Cyclocarya paliurus (Batal.) Tljinsk.) 4 K AR R B FAELAFFT 2 0, FLMR 2R BUMEAE 1 o/ L' 24, W45
TIFSE T RN 2 PF T AR (14 A i S B Ptk 28 2 6 A8 Ak, 2 BHRT &1 7 ek Bl bl 161 EL A ik i b v i
MR e ER B30 T 00 B8 P A 1 L LA R A BA AR AT AN TR A o AR S AU AR 40 v A7 SR s, 23 B
A A AR RRE 5 B IR BE AR AL Stk — 2P AR s AR R G SCE S LU A AR 10 T b s I
X AT R R AR sk A f I 2%

1 RS

1.1 REA R

PR F AR EA B S M7 B AR 7 FE IR 0 2R 5, F 2016 4F 11 H 27 HEEF TR A 205
20 em, HAR 22 em BYYERE A B REC L M BR VDT X838 =53 1, LI A N B LA, @ WIBRE BEK
JREAEL , PR IEAGHR B K B R
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1.2 et

2017 4F 9 A B S — Bt Al i AT ERPA S5 . 235 100,200,300 mmol/LL # NaCl #E47 5E#E
ANER | AF 10 Kl 2P el FH 25 2 oK BC ] AR 500 mL (X REANAE R LB oK) SRIER R E 2 IA HAR
Ui Y FEAL, BE RS S I F FEAT IR AN K AR KIS e FE 28 R kL R e AR i e R ik LADRE
MR B, SCRRFEE 30 d,300 mmol/L ¥k JE NaCl 155 20 KA1 200 mmol/L #2655 30 K, b4 it
Frorsil i BUAE4 . 300 mmol/ L EEWRE SR 30 K, i 1 454 oE— AL N, WG M, OF i BUOR B BB B, R 0 A
PREGE, $RMHASE 10,2030 K531 R BEMHAR &)y e /NI v i Sl RE I R T AR B AR AR TR AR IO E o K HE AR
AHIAR 25 T R R R E
1.3 F&hnileE Mk

AR P e R S i kR P R RS S R R R T T R AR R
TRIE YR B R O N AR A R R ek I e i R Ak
(peroxidase , POD) i A fb & ( catalase , CAT) ALY AL ( superoxide dismutase, SOD) 1% P4 #4122 43 31)
R FHABIA T |58 SO0 N R DU s e €0, 710 A i A R A S T IR R R S A
(Thermo Fisher 22 H] , ICP-AES6300 1)
1.4 Hssb s ot

H Excel BT #ATBAG A BRFIMER], FH SPSS A HEATAH I 7347 .

2 EREH

2.1 ERME XA AR ZE B A S

SMAR L B NaCl Ab 33 B 1 i DL K A BR8] 7 ZE 4 AR AR AT i Na ™ B2 T, 25 b & it WSE TS
B (T 1) o Na™ et (0728 Ab e B 55 Joln i e B8 522 TR O, e Wk BE JOR L 565 30 SR AR R v Na ™ VR B R X R 3.5
5, 225 R s R Xt B 3 A%, ARZERT R Na® F i X Fb a] i, Na® 7E MR 28 v () 75 e = T 25 M, 300 mmol/L
a2 30 RARZR Na™ & oy HliAS] 725500 3 51 2 £, EhWha g, S 28 R 25t K & Rl
TR, DARZES K224 %, 200 mmol/L B 55 30 KA FEIR A A, FRERXT T 46%, MR h KM S E7E
PR B ARl T TG A S R R, v R U B R TR IR, B NaCl b B B A4 388 0 DA R £6 3 s ] ) %
K MR AR 2R b Na® /K BEER P8 B Fh i, B Na® /K"l R [ hh 385 Bk, A Na' /K 5ok,
300 mmol//L i} 55 30 KA FIXT HRAY 6.25 15,

Pl 2 SR Bt R 30 Y FERTEST (] (g 38 o, A 25 rh Ca® B2 T, AR I v (i el e T 25, 25 v
Ca™ (AR AL AE AR IO 275 30 Rk 3 i 27K, HLpk iR 5 Eh W a0 v B2 52 AR OC . AR R b Ca® & 5 U] B 26 ip 3 n
FEMAWIFEL, 300 mmol/L e 55 30 RAFHE R Ca™ & i FRAK E X HRIY 52% , R T , Mg 25 ot
Mg™ &t A AU AR T AT KA, ELRRE IR 55 R Tk B 2 A E ARG, JLLAZEnT B B3 . 100 mmol/L R MME 55 30 K,
HAEMR R oA T e, & R IR 1.22 4%,
2.2 ERME XA S K R S

Tl 3 AR R B KR BEER A A AT N TR AR AR R R R B SR AR R DG IRk B R P A R W aa
AT BIAERA S 30 RAE 20 KR F] K I e B L W38 R i R S oK R [ [R5 8 25 R %, 300
mmol/L AbFHES 30 KA}, & K B BRI & 43.2% , X BRI 64.1%
2.3 ERME XA I R Y

L 4 FTLIAS Y Bl NaCl A PR B Ay 388 R ER s Asf 1] (4 20K AR AR G) Fi S o3 TP i e 25 S R
AT S TS 300 mmol/L AR ME T o B35 s v EE SRR A T AR L R AR 0 5 20
KJg & THE 5 30 RAFHLFR M5 H 20 KIEH1 T 0.07 #110.19, 300 mmol/L ZEFRES 30 K, TN & &
1A 68.85 nmol/g , HHXTHL TR ALK F] 0.54,
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Fig.1 Changes of Na*, K* content and Na*/K" in the roots, stems and leaves of Q. dentata under salt stress

INEFEE a b c.d e FRME P<0.05 KV 1225 B3

2.4 ERME X AR I T S AR M 5 e

5 ZH ER vk BEAR T 300 mmol/L i M A% i B POD JCHH 8284k ; 24 3h ik B 35 3 300 mmol/L i}, Bifi 5 4b
FRAFIAAEHS , i POD SR PEFREE R e T, JE MR =X R LA, Bl NaCl b B BE A9 38 0, WA CAT 76 1%
B, AR BE A E] 300 mmol/L B, CAT 1§ HEAHEE T 100 mmol/L F1 200 mmol/ L Bk B 3 #2542 =1
TEMRMR BEALPET | Bl b BRI RE 4 CAT J76 PR S 3G hinka 35 I 78 /&5 R B2 (300 mmol/L) NaCl 4b 3 20 K, Hit 3 i
F CAT 1& MR i K ME, R 0.258 U/g, i i () ZE 4 3] 30 %, HLys o4 3% NI 2 0.236 U/g. Mt SOD 14
ARAE R Ry AR W FEAIC T 300 mmol/L B, SOD i P4 28 i B8 155 5 3 W 2 34 F1] 300 mmol/ L i, SOD ¥ 1 4 i 3 %
5%, ELRF0E 5 30 i E) 52 TEAH G . 200 mmol/L ¥ EE NaCl ALBEER 30 Kt SOD 353 T 2035.69 U/g;300 mmol/
L #¢ i NaCl AbFEE 30 Kif SOD T, &y 1705.32 U/g,
2.5 BB X AR I 0B A R S A B A S e

AT PR RN 2R AE R o8 T BVA RIS AW R (K 6) o KT 300 mmol/L A ERJHHE T, Mt i 57T
VES R ARt 2 ) PR R B AR B 1 I O AS S 2, B B ] () SR AR Ak 0 2 Y AR B aE Wk B2 3K 3] 300 mmol/L,
ALYAEPEREE A28 20 R B E R S8R5 T 0.162 ug/g, 75 Mril ik 255 30 KaF AL R B> % 0.157
pe/g, (A HF S 8 25 5 T XTI, 300 mmol/L R e T, ZbHEE 20 KA 30 Kol i tEE & 0518 0.215
ng/g A0.175 pg/g.
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Fig.2 Changes of Ca?* and Mg?* content in the roots, stems and leaves of Q. dentata under salt stress
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VAR AT R B, Fh B B RAR ZE I Na® 5 B3 S TR A BT
i B LR, S B AT AT IR A Fig.3 Changes of Water content in the leaves of Q.dentata under
63%'%  WHRHEER A F A Na® B F A L iress
HIRE g m, FFAERBEZ 7 Az I8 7R HEh TR R T AE
HEFREFEAMIC, NaCl JHHa TR FZAHZ Na® & A 22 5, K EZE PR R, 1 B 7e i b B3 i
T Na BURAZ B IHA T Na" FEARZEMS R, FExF 903 Je AR5 b R AE & B, 9655 Je AR
F Na' BB FARRM S BRI X975 e AR 32 2had 1 36 Wl i pLa] ek i Fry X Rkt ™, A
WFFE I A BERF I e SOA A R 75 7~ 1 X BB AL , 3 AT fE FUZ A 8 AR R O AMEEVE T B Na™ B2 P AEAR AR, 2D
My b FB5> Na® &, NTEE B2 ER B i L . ZEdb sObbR b AR 2 B 7 axX — B, Hoe R R LE2ae 1A
B, B MRTE 0.2% M8 PR S5 Na® St tas ) 7 —ACF " B2 MR 55T 6 v s i o 3
JEEARA B AR ERIE B AL HAR RA — o WRMERE T, T v B2 3R P38 F BB A A8 i Il B 3 23 5 1
BEE X AIARAELE T M AR Eh A A4

EHWE T AP IR Na® 2 S8 K" Ca™ Mg IAMES TR A 783 W1, A8 72 I Na™ 1 1]

W10d [J20d MW30d

70 a

60

4K & Water content/%

50

http ; //www.ecologica.cn



6902 JAE = 40 4

W i0od [J20d M30d
0.60
0.50
i
0.40 el

0.30
0.20

FR HLG3E
Relative conductivity

0.10

%
Malonaldehyde content/(nmol/g)

CK 100 200 300 CK 100 200 300
NaCljk j& NaCl concentration/(mmol/L)

B4 HEMETHAMFENBESE R-BESENTL

Fig.4 Changes of Relative conductivity, Malonaldehyde content in the leaves of Q.dentata under salt stress
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Fig.5 Changes of POD, CAT, SOD active in the leaves of Q.dentata under salt stress
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Fig.6 Changes of Soluble sugar and Proline content in the leaves of Q.dentata under salt stress

BF, K™ Mg™ B2 SN HE, T LA KT 94 HE o B 3%, 30 Na'™ /K™ .35 T i, 78 % K 52 ( Glycine max ( Linn.)
Merr.) 17 YBAEUS) SRARMNO MR AR AR BRI, S . BRI A (Larix decidua Mill.) 7EER k36
TFRIEBR Na"Fl CI K EIRRARREFEARR B KO S SR 1 25 SRR — 3, 3 Mt R AL ASIR] W 7%
AT RE I T e Py KK, DLE B s b 3088 . K 2 5 R W 1A 7 22 ol g R A5 AR 200 i 2 v ok B
Mg™ A5 FIER A AB Y 2R A U AR i T 2 BRI E I K Me™ PRI 2, &5 U K* A Mg™ 4K it
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19 34 DL 2 FRE XS HA ( Quercus dentara) By B V- S HL AR BRA AR R B 52 1) 6903

PERG TG HEASBTREAR , DTS2 2 S 5 A RN, I S 28 i i A4, TR R Z B FHHER
& K AMEER R it XA D ) BRIE RN T M™ & EEER AR R A — T, R
KT8, S5BEAAG (Populus popularis ¢ 35-44° ) N[A] iH4% P. euphratica Oliv) 735 Wiria F ] 3@ i AR R e e +
Herp iy Mg™ Rl Ca™ |, AGERRHIL 13050 5 3700 K2, MR 2R Me™ /INIE T A9 TR B, 250 v Mg™ B 37 2%
WAHXT LD | WG RN P 8 55 8 A% AH W], BEA2 38 AR R W Mg™ , ) b b5 32 i, DA 5 b 138 4378 37 4t
25, (AR AR R Mg BB A B, R W8 R J5 AR AR A WSO R REHRTE B T T A B R TR
Ko MR ZR A Ca™ S BRI, A7E 50T ORI, DAt B P AR SRR K, i 5 Vo S R R B Ca™
WRA PRI, Ca™ FEERPNIA I8 B A8 5 B Ak FHES PR A OCHE , ZE M i Ca® RS A 7 2 R8I 1Y)
— DAL MR R Ca®t TTRET M EERS M b LAEEST b B R TR, 2T A R I, AN Ca®
fEFEKI: B AP AERR S Na™ ZhHE, I KT o Mt Ca® i 1) 132 4 nl A2 AR e b B384 KW Na® -4,
SN SIER DI AN

W E AR BE SR 0 T, it R S K R BRI AN, JLT- TR AR 5 i v BE 38 R S K i B R, i
PR KGR . R ER B R B IR T B A, R BUK A BT, K Nat WU R AR B i
VRN M RE 2 AL, AR F S ORI P R A S W AT A AZ R A B A, R AR AR L SR
KB 50% %+ M B AA Ban i ;. A ER W0 A EE AR R R X H S SRR N T AN T O AR 4
L AZ 45N EE Y i R BE NaCl B K 255 30 K, BEAG L 48 Ab 1 T8 1 & i35 68.85 nmol/g , AHXTHL T 38Ny
0.54 I Fr Z 405, MG AEBE, ZEXTHHR AORIFSE v 25 AR U 25 51, 0.49%—0.6% % 52 1 1 360 M AR AH X A
SR 0.1%—0.3% e FE Wi R JEI ARk, ZERG D SR B AR RO BIFE R, AR AR M R MR AE
0.6% J 0.8% Vi i ERJHh60 F 1, PR R 5 T il et o S5 18, AHRS S5 AR AR B BRARLABL, XoF rh (R ok B R 3 i 2
PERAT

ERIA R AHRRA R G IR 7 AR K I B o S A, A ) A0 R SZ 450, DR A Tl R G I B A O
SOD . POD | CAT S5 R4 B G B 2 TH 5, LATE bR 16 R Rt Ak, #2058 b AR A ) o 22 R AR 45207
AHIGE e B, MR 32 SR EE SOD F1 CAT PIFN GBI R/ FHVE BR TG 4, POD 16 VAR AR ik 2, AHE B B2 b
TIEHEREAR . X SR R D RIS RANTR] , AR AR AR Y MRTE 0.6% Fi1 0.8% W B R0 | = AP (R4 B I
B EF e R AR AR SR A G, AR YA AT —4F A Al RETE POD B ELRE ) B AT
PETt; WAl REE PRI R A B POD ML EALRE I A T 25 M i — D098 . SOD Fl CAT T& T+ , REA ZL
PRI B P A, RN i AR A AR AR AT DRI IR W A . FEEER A T, =R ORI B SE IS 1 2 i R
FEBHTRTE  AACH AL, S R 2 P BEM L I, EEGNISEXS T 1-214 4 ( P. X euramericana cv.
1-214.) WFFE R M, 20 R, 1-214 4% SOD #1 POD 1&PE N RRS , N R & i LA BT /NS K T, L4
R FE R B X S AR ST A R —F

AT A SR AT P R P EEZE A8 BV T W T, 6 R AR 0 5 A5 (198 3 T T AR,
SRR B E A 6 ) Han 250V R, 0 T AwslZl it 3k ¥k 35 37 (Arabidopsis thaliana (L.)
Heynh. ) MifEh P 00 F 107 A= Y | Reil i E Il 2 e AT s e AR SE IR, ARIFSR UK B2 b BE R JiE T, AR
AV MR R 2R YA/ NIE AR R 6 TR RGP, LA SGE I Eh e A s By, iF5E3R W, R B BRAE e vk
FEMRE T BfERR A T MRS A R M B AR C I s R T R A R R BRSNS B R Y
HEE 22 R AT e T B Z ), A —E BB RE T, L7688 FIREE TSR 45 R AR50 A
Ry AR V2 A AT R AR T B AR A A T I SRR RV AR R SRR (%) 9 R BV E

25 b, NaCl X 40 35 320 B3 35 VR, vT S 25020 M Ao P 1 R S e S AL i 32 4 1 MR e A1,
BREAEER TR 7 A, KSR Na" fEAR R AGFR R AN Ca™ [l L3R4 19532, BEiE o AR 28 /0 & i
Ty M EET B AR, LA 1R A B R 5 il HE m CAT SOD WA L4 i 1 , LA ZZ A S Ak
JHR3E 5 /N RR R I 2R A T i B R T B A, AT DM B (TR R BE 538 N 200 mmol/L
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IR e, i FAedb O3 H S 3 B AR 0.3% A2 47, e il 8 1 1.39% % AT MR T BB 3 iz (1 46
B A | DN E AR e | P R R Al S A PEl pRER AL R, ] ERRAR AR 1
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