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SE BRGS0 58 B A R I KA I 5

S, Wk, BEIRK, EAC, B

(TR 2252 BE 2 AR BE, TR AN 450046)

BE: [ BW ] R CER ( Xanthoceras sorbifolia Bunge ) hBRAF A= Bl i ALHI, b HAEER 08 X 1Ak S48 H
PRAERL ARG . [ 3% 1 DL VARAE SO R SCAE A RE, SRR Bedh ik, 4r )& 70, 140, 210, 280
mmol-L™' FiEh (NaCl) & 35, 70. 105, 140 mmol-L™" fifEEh (NayCO5) ALBE, 207 HAEXS L S 3 | JHEm
Fri A ARG (SOD ) WM AE AR R, [ 45R 1 BEERmR MR, AEXT i S | (R & i Fn
YRR A TR, R0 B TR 7E NaCl gk 210 mmol-L ™!, Na,CO5 ¥ A 105 mmol-L ™ if
B 12dJEN T EES R CK BEH L, HAE NaCl¥EE R 280 mmol L™, Na,CO; ¥ E K 105 mmol-L™" Hik |
WEfE ; SOD {7 P4 B b PR [ A 1T 25, ELAL BV E 46 R L2 e TH s BRI o LRI 3R 5 2 43 2R A - i i) e
FEXT 2 RS RILLFE R (AR L % . IR A A R B A HAN (P <0.01 ), FHSEMEA T B Shada T
R PR PR IAFAE L TEAHDE (P <0.05)0 XFHRBRARUEILIS BEAT ERLST430T, 2 FhEh IS RIAL B3 54 B i AR
HART 1/ 1 AEMSF, NaCl, NayCO; A3 T Rit75 22 5Tlk R 400 82.423%. 77.725%. [ 4518 1 SGERAE
ERpREE T FEE R BB BT B RPUE RS MR G A IR R G e R, KB BRE
TEPURALRE RS, R EE AR SOD Wh PR, ik EEMMA SR SOD i1, HA —& MfE.

KBEIA: SOEIR ; RO WIEREIN; PR

FE 525 5945.78 AR A

rb ] Py i 6 B DL R A A AL TR A 3
WA 2 HRR B 45 5, Rk AR it 350, R
U A UM A 2 S ARl ] R J i R A
RZ—o WREFHEH TSR 9.9 x 10" hm™™,
BT FTE IR @ L T N S ES R 1 LA S A
TEARAL CRFFID), AL (5EsD) . b (B &),
PEdL (T80 SFHIXE, BN mAk. K
RIZWRE o T RS 430 4 K IR F A Eh i, 3™ 8
24 T 0T R AR ZE B R O () % o

T & FR) R b T 52 1 — 2P A2 il & e
W1, RO RIS ) B B2, T F A
P )T A A R B AR R T AR e - A 2
U EeREER R I s (R pR X A 3 R Y

ks H: 2020-12-02  EEIHY . 2021-03-06

X EHE: 1001-1498(2021)03-0158-08

WhE, STt ER TR ) TR RRAE | RS A DR 1Y) S S,
Ao Wik, EHNIMRZEF T AVEEXTF5T SR ia
AR 4 ) A B O AL R A S, R TP AR
L RN R I SRR AR T
VFZ MR, SR E XTAE ) AR B R S5
W+ o3 52 2, FEMRANGE 52 35 3R Baa 5 LR S
EMETHYE, ©258 5 pH EY, EHE
GO A B, AR B T DA R AR AR A AR Y
A, TR VR B ) R ) S R A G TR IR e
FUIRR R, fE—EHPauEn, R
( Xanthoceras sorbifolia Bunge ) il IR N B 15
FEARE, MR —E iR s BeAh, #EmAE
WFFEIERA, B A pH B S AE Y XS B T R

FEAWH . WA RO A (192102110172); WEA SR E AT H (19A220002 )5 10 /4 #E BR2E T = H0 80— M (g
+5:[2018]-JKGHYB-0321 ); Al 0l 28 5 2= Be - BHIF IS 2l % 4 (2018HNUAHEDFO018, 2018HNUAHEDFO019 )
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A, BELAFE TR, BEENEYR R
KARH. Hik, Lotz & Rty s se
BEGENETRHE, LEEREN pHF
U BT, SOERZ UM T | e %
EEANI VST D a R /B SRS SO (R DU R Sl & 2
B T RIS A i

SOERSEI E A B AASMEH R, 951

O il A ) S B A\ K R 2, FRAT <L DT iR

SEFRICST AR R K is, WiBE o, XS EA
BORAIE N, EFREAEICAZRAG . PEALAEHLIX Y
Aot Sk E H G IR s 25k, R
R A T SO A A FEALE WAR I A Y] . AR
5545 H NaCl 1 Nay,CO; BLfU] g 4 £h ik + 458,
FEERBA TR GEN: . BB R Rk
il 6 PR S () A R AR, PRI SRR T SR AR ) S
T 6 el A B 1 AL E A LR X, o RS A
FHER L IR EE L 27

1 MR g%

1.1 iXgesr

AR I 7T B O 28 B 2= BE i ] (113°65” E,
34°78'N) #E47, 2018 4 1 H 35 F I g o TR AP IR 1)
SCHE SRR T VAL B, 20184 3 A, #EEA
B R T ELIEE A% &y 280 mm x 180 mm AYAEZELIN ,
T Vg @ Vipggen =5 0 1, [EERCEMFERARL
WA B HROT St el pe 2= A, Dhakt e 334y
MR o BRI RS E T 3 m x 3 m (13 A
T, IFEACACER R AL I, P ARG — S,
1.2 EhmEaE

2019 4F 7 A IO R 4 H B —3019 81 Bk
YA TER AL, KIS RIBENL L 9 1y, B
9tk AR R b DR UL PEER (NaCl) Fe
PEER (Na,CO5) LA Na' ¥k MY, 358 ¥ NaCl ik J&
539 k. 70, 140, 210, 280 mmol-L™'; Na,CO;
W4y . 35, 70, 105, 140 mmol-L™', 1k 8
AR BE, DIBeSERBIE K IR (CKD), &
3B VA, 3IRER . &4 AR R B AH IR BE 1Y
. BRI 300 mL R ER IO A, H L BRI
MARHR . (CHERZRER 1/4) FFiRinA . & 3d
1 AERE, 4 WE BT UEREER . MRV R
IRERTHA ALV B, IR AL B ] . b3
JE 7. 120 17, 22 d B RFESEAT 45 A PREE A5 19
MZE .

1.3 IEFRNER &

SR XN IEAE SRS [ 07 vk 64T A 1 d FR 5 b
(RS 5 Jo a7 1 ) 0 e R P L S I 5 T
T (MDA) & it R HERACE L2 R AP I A
I R 5 R R R Bl = L Ak PO g s AT
PEEE & R S s kP e AR
B ALHE (SOD ) TR AL UM (NBT ) ik
P TRE
1.4 EHESH RS

KM SPSS24.0 #EATEE /34, I WPS 2019
P K m R, T E T 2208 (Two-
way ANOVA) £ 5 AS [a] e F . B[] F =35 28 HAE
2 DL K B PR 2 7 223 B (One-way ANOVA)
R 56 S [) Ak B ) ) 22 5, LSD Pkl 4T £ & b,
FEXF AR PRI TAR M AT A L5353 T o

2 HER S

2.1 HEAEIEREMEN I

B 1R RRIER R E TR B E Y R
T e 25, BEE SR A R, SOER ALY
R RS, MR L T RRIVEEERY
Hh P R0 AR P R A RE AR K AN R, 280
mmol-L™" 4 77 4 £5 F1 140 mmol-L™" 8 4 &5 4b 3
T, MARE A R R, WRE k. ok,
280 mmol-L™" FrPEER AT 140 mmol-L" wsciEh b3 1
CK A=W 53 5 B 2 FEAIR 79.9% . 73.9% (P <
0.05), THREELLLL CK 435 48N 48.5% . 55.4%
(P<0.05),
2.2 HEAEX N E R4 E MR R GRS

PP 2 PR R B i A i LA B o i)
JERY, SOESRM AR RER N @SR R L
Fhka S, AT T B AL, A A
i 22.d, 140 mmol-L™" B, AHXHL SR IFURREAR;
TE NaCl ¥ &£ 24 210 mmol-L™", Na,CO; ¥k & & 70
mmol- L™ il 12 d B 5 % itk CK & 2 1
%, HZ¥E NaCl ¥ JZ & 280 mmol-L™', Na,CO; ¥k J&F
4105 mmol-L™" Bhikfemifl; AL, mHKE (NaCl
210, 280 mmol-L™" 1 Na,CO5 105, 140 mmol-L™")
Kt (17, 22d) BEFETR, NS EE TR
e, UL SOEREA —E btkie ), HAE R
J3 6 bl T L) AN S A/ B0 5 11 BE T B i
EaE AT R R IH 2 E M, R Rk
T,
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E b s 57 be be T o
BE 6 T 15 E =g 6 b N
R b 58 873 =B
N 11 25 2:2° I B2
mE o4 T {1053 WmZ 4 ¢ loe B
g ¢ 2 g c : S
S 3 ° c 2 3 T e
M T @ 0.4
2 {05 2
1 II 1 0.2
0 0 0 0
70 140 210 280 35 70 105 140
NaCl vk Na,CO, i

NaCl concentration/(mmol-L™")

Na,CO; concentration/(mmol-L™")

m ji/E Y Biomass production o AR JE L Root-shoot ratio
T RNE/NG FREFBOR AR Z W25 B3 (P<0.05)
Note: Different lowercase letters indicate significant difference between different treatments (P < 0.05)
B 1 e IE X SOE R4 e B E Y EFIRE R0

Fig. 1 The effect of saline-alkali treatment on biomass production and root-shoot ratio of Xanthoceras sorbifolia seedlings
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Fig. 2 The effect of saline-alkali treatment on relative electrical conductivity and Malondialdehyde in the
leaves of Xanthoceras sorbifolia seedlings

2.3 HREAE E R ESER TR

P& 3 %0 . BifiF NaCl Ab B B () 386 i K b B
AR P AE, SRR i i 2R B vl i 2
FrE R PIHER, Rk 280 mmol L' AbH22d
Ik B WA, 43 %00 30.35 ugrg ', 3.724 mg-g !,

5% (CK) ARSI T 211.70% . 647.80%.
TEE M (105, 140 mmol-L™") Na,CO; il T,
I 22 R O Fe B A I TR A R S S T R ek A, PRk
JEAL PR AN (P>0.05), 7 140 mmol-L™',
AR 17 d IR B RME (2697 ngg); FIETE



55 3 3 SR, 4

ERBR G T S S A e 57 AL A 161

B A AL HR A (A] IR B BT, fEETRE
(140 mmol-L™") A [H] (22 d) AbFRF 5 FIE(H
AN N O S BN g5 S

(3.765mg-g' ). HLLLH,

35¢
30 F

Proline content/(ug-g™)

NaCl Ab Bk i)
NaCl processing time/d

[JCK @ 70 mmol-L!

(3
Proline content/(ug-g ™)

12 17
Na,CO, &b B} ]
Na,CO, processing time/d

(JCK [ 35mmol-L"

@ 140 mmol-L™!

@ 70 mmol-L"!

S AL BRI [E] 2% SRR 1 A BUR A —RE R, B
ERUSLNIdE E’Jiﬂnﬁmfiﬁﬂ‘l‘ﬂ AL, AR B
K FEAAMRILT .

FREEZ A IR,

R A
Soluble protein content/(mg-g ')
—_ LS} w ESS w
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Fig. 3 The effect of saline-alkali treatment on the content of proline and soluble protein in the
leaves of Xanthoceras sorbifolia seelings

2.4 HEEASEXERLE SOD iE R RN

B & 4 7T UL . NaCl #1 Nay,CO4 Ab FE R ) S
WY AL (SOD ) I 1 A8 Ak JL R FE AR —
2, BEVE RGBT R, BRI
B Br 30 >h Wp 30 5 7E NaCl ¥ B 5 140 mmol-L™',
Na,CO; ¥ J# & 105 mmol-L™" Zb ¥ 17 d i5f SOD

[TV N
H O >

R AL P I

SOD activity/(U-g""min™")

NaCl Zb 7]
NaCl processing time/d

0 cK O 70 mmol-L™ @ 140 mmol-L"!
@210 mmol-L!  ®280 mmol-L!

PEYIRFNEAE, o CK Al T 5.81%. 11.95%.
25 HWMETXERYEMH ZFEBIERAX
EEFENH

S 1 AT ;i B) A B X R Bl A SCoeE
TR SR 2 R A R S S AN (P <
0.01), T TR FIAXAEER MG T 52 i [a] Ak B2

[TV N
A~ O

AR

SOD activity/(U-g™"min™")

12 17
Na,CO; &b FHE (1]
Na,CO; processing time/d
O ck [@35mmol-L! @70 mmol-L™!
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Fig. 4 The effect of saline-alkali treatment on SOD activity in the leaves of Xanthoceras sorbifolia seedlings
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LHAE I (P < 0.01), Eh 0 s ] Fvk
JBE A H 2260 9 L AT SOD ¥4 G 8 35 114 38 BAE

(P>0.05),

x1 BEAETEEEERONEEZRFEDH
Table1 Two-way ANOVA of various physiological indexes under saline-alkali treatment
Kb B SR AN L5 (TSt IR VAR A A A
Treatment Impact factors Relative conductivity Malondiadehyde Proline Soluble protein SOD
Ff [H] Time 1636.66™ 14.03” 317.79™ 62.39” 3.92°
NaCl #<PE Concentration 802.63” 7.82" 169.83" 101.64™ 10.72™
A 1] x ¥ Time x concentration 68.42" NS 15.65" 6.15" NS
Ff [H] Time 472.36™ 8.81°7" 64.307 48.78™ NS
Na,CO; WP Concentration 5602.78" 24.49™ 309.37" 74.78" 53.25"
iR x ¥ Time x concentration 48.51" NS 452" NS NS

E: *RREREE (P<0.05), “*FREFNEE (P<0.01), NSERERNLE, RPYIFAREFE, RETHIE.

Notes: *, **mean significance at 0.05 level and 0.001 level, respectively, NS mean no significance. The data in the table represent the F value, and the

error item is omitted.

2.6 EHWAETXERHYEMH & ERIERE
KD

20T : NaClALHE R, 79 R . &
. MEMEEASHTESREN _BS A
B2, nEMEE A . SOD R B E AR (P<
0.01); FI¥MEEM S SOD., R IR 1Y 24 & 1F
3 (P<0.01); SOD S5AHXfHLFR | AR

WEHE (P>0.05), Na,CO3 AbFE R, N .
IR . WA TR S AH X L R N S I
MR, "EPEEAYEREEEME (P<0.01);
SOD X 5N A B FIEM X (P<0.05), SOD
SMXT SR R . nIAE YRR A A e
(P>0.05),

F2 HEAETEEERERIEXES

Table 2 Correlation analysis of various physiological indexes under saline-alkali treatment

yiseil Ei= LiEROEREES [t i 2 AR E A ALl
Treatment Index Relative conductivity Malondiadehyde Proline Soluble protein SOD

AHXT HL 5% Relative conductivity 1
A % Malondialdehyde 0.806%** 1

NaCl JH % Proline 0.979%* 0.760** 1
AT TEE 1 Soluble protein 0.720%* 0.844%%* 0.754%% 1
B ACEE SOD 0.424 0.739%* 0.440 0.826** 1
AHX HL 5% Relative conductivity 1
P % Malondialdehyde 0.804%* 1

Na,CO,  MliZ M Proline 0.951%* 0.867** 1

A% H Soluble protein 0.828** 0.809** 0.876%* 1
MR SOD 0.291 0.553* 0.260 0.446 1

VE: RN EFEAR (P<0.01), *FREFEHK (P<0.05).

Note: **Correlation is significant at the 0.01 level, * correlation is significant at the 0.05 level.

27 HEINELETLERYEM A & LB
B R 53 5

H12 3 WA NaCl AbHE F4HAF (2 4.121,
TRy 82.423%, LA TN . AlEMEE

FI o AT G 2 R A S A W A T 1 A
B 5 Na,CO; Zb T 4FAE(E N 3.886, ZiTTikR
H77.725%, FELEE TR, iEMEA . M
XTHEE . HERNELS, BARrREE. W
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R3 ERSSIHERFHIM S H AT RERE

Table 3 Principal component analysis rotated component
loading matrix

G NaClii Na,CO, it
Inb‘dd)\( NaCl stress Na,CO; stress
¢ PCl PC1
A % Malondialdehyde 0.968 0.966
TP [ Soluble protein 0.953 0.949
AEXT B 33 Relative conductivity 0.902 0.930
Jii %2 Proline 0.896 0.956
AN B AL EE SOD 0.813 0.000
EL.HLHE 4.121 3.886
igen value
R
TETWRESS 82.423 77.725
Variance contribution rate
RIFURE% 82.423 77.725

Cumulative contribution rate

I, AT 5 MEPRITAN SO R M RE T,

MR 4 L8513 WA . AR NaCl 4
FHXT SCTeE A SR AR A2 ] B RS/ IMRYR = 280,
210, 140, 70. 0 mmol-L™'; AN[A]¥ ¥ Na,CO; 4k
PR S R AR FAE BR 0 5 R OR B MR IRCE
105, 140, 70, 35, 0 mmol-L",

% 4 NaCl\Na,CO; BME TXBRIGEEEN RHA
Table 4 NaCl.Na,COj; processing the comprehensive score
and ranking of the following

e W B oy AT
Treatment Concentfat}?n/ (F1) Overall ratings Overall. score
(mmol-L™) ranking
0(CK) -1.5154  —124.9038 5
70 —0.4671 —38.4998 4
NaCl 140 0.3908 32.2109 3
210 0.6143 50.6324 2
280 0.9774 80.5602 1
0(CK) —-1.5215  —118.2586 5
35 -0.4659 —-36.2121 4
Na,CO; 70 0.4026 31.2921 3
105 0.9508 73.9009 1
140 0.6340 49.2777 2

3 itk

Fh 0 7 AR R A [RIN  E UCAE A PR
TEERHE T, YA TR, SEE T
Ay, WIS R AR s P, K Na By R R
RPERTRERDY, SRR LG R

KB iBY R E— ROV B ALY, AR IAE
YA A Y BRI, AN ERM,
BEE T, SOSRSEY R RREIES, RdE
LIS, hafEEr R JOKEE, AT, &
FIOT-. X AT RERAEARAE VAT AL i () 2 A
b VRN SIERZ SN DO NS R I S s DA
HE P A MO R 130 35 25 A i 2 A0 R B0, AR5
Hr, RS 70 mmol- L7 AbEE 17, 22 d SUERLNH
(ARG L 38 A e, X ] BRI 2 R XA )
A K B IR AR, B EhALFR R, AT HL
REPETIEBEE (K 2), Ui s EmbEh 4
R SGER AR R S, S SGESR AR, %
S5 5 s 5 A — 8, FEER AP a
T, EFEURNER BE 2 RS P06 N T B AR
HAEH (P>0.05); FEERGME S, w5k B mf
RS ER NG, X0T e Sk EE e &
— RGP DA AA G, RN BT T
PG, Bk, RS EEARRY, (HRE A A
FRELINEE, s kAT

TR . AR A R R fE S i e
AR —FEIEAT R, R 2
fF50, B ShRE R, IRl AR
Tk b, IRy ES AR . AR
(SVGREE 0N Svie 5 (8 373 I SERQE i K 7/1A 5N E ]
TR, FEmNE T, IR & rRE ik B r
RS TS TR, UL R Na,CO;,
A PR IR SRS B R T R R

TEPES (ROS) 1E A3 e A 3 E 1Al
Y, e EUR ML T RE T S R AN A FET 0O, Al
YIrEi B e, TSR AR A N ROS i B
FURCT, hagni, FEY IR PR R S
T, RICHREA I IR, SRR SOD i
PERAETHRER AR, AT, SOERL AR
JEERB P30 R REAS 38 A £ =5 SOD 1 M1 5 X i 1
ARTERRBEST s YIRS S m R, SOD T
B, BT PEAUEBREE I AZ2IME], X252 5k
TR A8 SR IEAR Y SOD T6 PR B BIF 98 458 HE A —
. BROPEES 140 mmol-L™' Ab, B0 I ] ) 2
K, MYPCEABRG SRS . FErP PR AL
T, SOD TR 58 U-g\min' & AR5 84 €,
LR SOD i PETF 2 61 U-g ' min A4 T ha
FE o Bl 140 mmol L' AbBRF SODIEM: B &
R R B B, MRS BEETRL, T
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Study on Growth and Physiological Response Mechanism of
Xanthoceras sorbifolia Bunge under Salt-alkali Stress

ZONG Jian-wei, ZHANG Zhi-long, XUE Ke-xin, WANG Shuang-shuang, YANG Yu-hua

(College of Art, He’nan University of Animal Husbandry and Economy, Zhengzhou 450046, He’nan, China)

Abstract: [Objective] To explore the physiological response mechanism of Xanthoceras sorbifolia Bunge under sa-
line-alkali conditions, so as to provide reference for silviculture in saline-alkali land. [Method] The relative conduct-
ivity, the activity of proline and superoxide dismutase (SOD) were studied to observe the change of physiological in-
dicators. The influences of different concentrations of NaCl (70, 140, 210, 280 mmol-L ") and Na,CO; (35, 70, 105,
140 mmol-L™") on the growth and physiological characteristics of one-year-old X. sorbifolia seedlings were observed
by pot experiment. [Result] With the increase of saline-alkali concentration, the relative conductivity, the contents of
proline and soluble protein changed significantly. The experimental data was larger than that of control group under
high concentrations stress. Compared with the CK, the content of malondialdehyde increased significantly after 12
days of treatment with 210 mmol-L™" salt and 105 mmol-L™" alkali, and reached a peak with the concentrations of
NaCl and Na,CO; were 280 mmol-L™" and 105mmol-L™" respectively. Moreover, the SOD activity continued to in-
crease under the stress, while the activity increased and then declined with the strengthen of the treatment concentra-
tion. Additionally, Two-way ANOVA showed that the time duration and concentration had extremely significant cor-
related with relative conductivity and proline content (P < 0.01). Correlation analysis demonstrated that the five
physiological indicators measured in the leaves of seedlings under salt-alkali stress had significant positive correla-
tion (P < 0.05). Principal component analysis was also applied after standardization of all index data. A principal
component with eigenvalue greater than 1 was extracted under two different salt treatments. The cumulative variance
contribution rate under NaCl treatment reached 82.423%, and the cumulative variance contribution rate under
Na,COj treatment was 77.725%. [Conclusion] Under salt and alkali stress, X. sorbifolia Bunge mainly protects the
integrity of the cell membrane system by accumulating a large amount of osmotic adjustment substances and increas-
ing the activity of antioxidant enzymes. In the antioxidant enzyme system, the activity of SOD is higher under low-
concentration stress than that of control group. However, the enzyme activity is destroyed under high concentration
stress, which shows an obvious phenomenon of threshold value.

Keywords: Xanthoceras sorbifolia; salt and alkali stress; salt tolerance evaluation; anti-saline mechanism
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