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Abstract ; Intraspecific variation in plant traits objectively reflects plant adaptability, making the study of phenotypic traits
and seed germination characteristics of different geographic populations highly significant in the fields of ecology and plant
evolution. Leymus chinensis, a dominant native species in the Songnen Plain of China, frequently forms monodominant
communities. However, existing research has largely focused on its clonal reproductive traits, with fewer studies addressing

seed germination and seedling growth during critical stages in different populations. In this study, seeds from 14 populations
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of L. chinensis (PO1—P14) in the saline-alkaline grasslands of the western Songnen Plain were selected to analyze their
phenotypic traits and seed germination characteristics. Germination characteristics and seedling growth responses were
assessed under different NaCl concentrations (0, 50, 100, 200, and 400 mmol/L) , aiming to explore the relationship
between seed phenotypic traits, salt tolerance, and environmental factors in the seed source regions. The results showed that
with increasing salt concentrations, the germination rate and germination index of seeds from all populations exhibited a
declining trend. Apart from populations P13 and P14, seed germination in the remaining 12 populations was significantly
inhibited at NaCl concentrations above 100 mmol/L, and no seed germination was observed in 9 populations at 400 mmol/L
NaCl. Regarding seedling growth, the seedling length initially increased and then decreased with increasing salinity, while
root length was more sensitive to salt stress, showing significant inhibition at as low as 50 mmol/L NaCl. However, the
number of roots increased with salt concentration, demonstrating a high degree of plasticity in root development. Moreover,
seeds that failed to germinate under salt stress were capable of rapid germination upon removal of the stress. Except at 100
and 200 mmol/L. NaCl, the total germination rate after stress recovery was not significantly different from the control,
indicating that L. chinensis seeds possess strong salt tolerance. Some seeds entered secondary dormancy under salt stress to
maintain viability. Based on a comprehensive salt tolerance evaluation (D-value) combining seed germination and seedling
growth indices, the ranking of populations was as follows: P13>P14>P02>P01>P09>P07>P11>P05>P12>P03>P04>P08
>P06 > P10. Correlation analysis and stepwise regression showed that mean annual temperature and mean annual
precipitation were significantly associated with seed surface area and caryopsis length. The comprehensive salt tolerance
evaluation (D-value) was primarily influenced by seed caryopsis surface area and soil pH at the sampling sites. Populations
from regions with higher soil pH and larger seed sizes exhibited better adaptation to salt stress. In summary, there were
significant differences in seed phenotypic traits, germination, and seedling growth characteristics under salt stress among
different L. chinensis populations. The climate and environmental conditions of the seed source regions are likely the main
drivers of these differences. Salt stress prompted some seeds to re-enter dormancy, while low salt concentrations promoted
the growth of germinated seedlings and root development. These findings highlight important adaptive mechanisms of
L. chinensis seeds to saline-alkaline environments, providing scientific evidence for further understanding the adaptation

strategies and evolutionary mechanisms of L. chinensis populations in such habitats.

Key Words: ecological adaptability; soil pH; seedling growth; seed size; intraspecific variation; salt tolerance evaluation
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AT I, PR AE S S PR R (UNZR B IR R B /KRB ) B 38 AR 56, JF S B AR A
SRINT, AN TR) PR A 28 S AR DR MR AR By R R R R T 52, MR A mTSPERE ) Bt AL R S A S T RE e 0 56
ZRHFEILFE P E T Joswig F Y IRFST K B, SR R /INE DG B MR ik g ARl R ) EEAZOK

http ; //www.ecologica.cn



11 4] TS A ERA R SRR T AR R Rl N AR S SR R R 5483
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TR S R T B 4 Ve PR 0 T 9 A 2 O SRS 5 (3) ol I A5 PR 30 3 Ao 2 SRR R T 3 e ) 52
Wi o ASBIFTENG Jhy s s 2B Xof b P R ML ) 4 BRI T AR S5 AR AR 0 DR A AR B g
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FEARGEAFAEIRIE 4°C FRHBEE 15% B9vkAs T IR 825055,
1.2 Bl R/NRITFR 5

FFAFIRERENLIESE 4 40, 40 25 RiFh T, ] MICROTEK scan Maker i800plus F713#i4 43 51l 2 25 B3 4N FF Fi
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A_E B NaCl e F R FIeik i & 0 MORSZ56% 8 NaCl W BERRE R 0,50,100,200 400 mmol/L, >R
FHBRRR I HEAT I RS20 | 7RSI HT B R T 0.1% HeCl HWR K 10 2081, B S FHZE18K mhvk 3 L 2215 5%
B, AR EERENLE R 25 KRR A1E T EHAR 9 em BYEEFRILA  BEFR LN AN 25 ml &6 0.7%
BUIE AR RIHE BE NaCl S A B ARG 53 4 W, 5 DRIk EILTE 500 Rifl 7, BT 55 3% ILECE TG
MRERFRFE N B 95 S B0E T 16/28°C (BRI EE ) , GRS 12 b G HEAZEOAT, G REREN 54 pwmol
m™ s7'(400—700 nm) , LHT 2022 4F 1 A AT, FhFIRARREBAN R T 1 mm $OAE N K, BERIH A B
W R R T4 2 3 RICAHT AR T R R B R 25, Fh i g 25 RS WA 35 95 L Bl AL
VRIS MR TAE KR4 A B B AR R 15 20 AR . TS PR 45 I 1 AR S Fr AR &R
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Table 1 Environmental background values of sampling points

AR SRR
IR )% i Mean annual Mean annual EC/
Sampling point Longitude Latitude temperature/ precipitation/ pH (ps/cm)

(Cra) (mm/a)
P01 123.51° 44.55° 6.24 461.95 9.39 393.9
P02 122.98° 45.78° 5.44 405.4 9.61 303.0
P03 122.99° 45.78° 5.45 409.12 9.52 260.0
P04 122.91° 45.78° 5.48 404.93 8.90 200.0
P05 122.45° 45.86° 5.07 414.65 7.97 146.5
P06 122.44° 45.86° 5.07 4133 7.97 146.5
P07 122.63° 45.33° 5.83 411.51 8.07 108.4
P08 122.37° 45.37° 5.76 426.51 8.34 139.1
P09 122.31° 45.37° 5.77 419.54 8.65 231.0
P10 122.23° 45.40° 5.77 414.4 8.11 166.4
P11 122.27° 45.36° 5.79 4113 9.71 804.0
P12 123.08° 45.57° 5.70 410 8.11 187.5
P13 123.07° 45.57° 5.69 410.99 9.99 637.0
P14 123.04° 45.55° 5.67 411.9 8.16 83.4

EC: H1 5K Electrical conductivity

1.4 Fhan bR e 2 R & SL

FEER I W & SIS AE A TR R KA S, KRB R ML R 0 & T R Z8 18K vP vk 3 Ik, Bl
MR R TERRN 0.7 %5 BR R FR 56 h . BE3R 505 1.3 R Mhan B ERAD Tl &k S0 00— 20, PR EE 16/
28°C (JBAEIREE ), OGSEI 12 h, JEHEEREE 54 wmol m™ s7'(400—700 nm) . SEHFRLE 28 d, SCUG L R G0 S B
KFFEL
1.5 HdEgitar

i FH 5 225301 ( ANOV A ) XA [ RS R 1 2 FR RIS (8 R /INRI SR - A5 G840, LA 56 ol B i) 22 57
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0 5 2 K ROE S P<0.05, SRHTT SCRAMERRL (GLM) PPARAS [ 2 B iR & — & s BAE IR 1
WY A SV AR S 4 AR AOR I e B s i %o i S AR AR e A ZEAR A W AR R R F — M e AR
155007, MK E i P<0.05, 3f-0# FH TukeyHSD 30 ifiA 75 2 8 A, Bl & e SO ER i 5256
FR I 1 4 S v i & b - B R S R S E b, AR R R R RO TN .

B %% ( Germination rate, GR)= n/Nx100%

S & % (Total seed germination rate, TGR)= (Rn+n)/Nx100%

% 24850 ( Germination index, GI)= 2 N,/ D,

K, n BRI T B L T2, N 2R B8, Rn JRKE W K S50 i i R4, NSRS ¢ R
W A B850, D, R X6 I 8 R 2F RAL

AR AN [R) e BT 2 B Rh - (0 B R vy — R P T U AR TSR0 W A It ER B (B (4% =1~k
TR AL X HR A 2R 759 N R ER MR JEE |~ BOEER R BE - Xk B e 253 509% I 10 vk JE | i B/ BOOE R e 1L -
RN O W ERIREE . X 14 ASFRER AN T3 R R R Rh 5 R B R S TE 38 254 R & A4l
PEARBEATAHOCHE S0 o ARG ER W0 S50 P A1 & 1Y 25 TR AR, THER I £ R 8, A A0 3 R 8= (14
TR AL BT 081 X0 L %6 FRAH N GE{ED) X 100% TG rh3h ik BEAR AL 2 | HLWi & 5 4 i B By
PRI MERAE BR (0 A2 ARl ST, DR bR SRS 25027 SH T R 0002 R 1 22 R BUE AR5 5 W BUE AT A AL Ak
R TG, TR SR 28 AN DA o dE—25 AR SR 2R G P D (0 PR & | #5735 A0 [ AR 43#T
PRE PR - 5 b R BRI ER 1 2 e B RS I, A et o B R 4.4 BpR5E i, R 2
FH R 4.4 Fl Origin 2021 #cf4:

M ER 23S0 D BT BT

(1) BORE SR8 eR A R TR 3 2R BGH AT AR AL AL 3

U= (X=X )/ (X=X i)

o, U 8 AR A a1 B SR RS L X, 95 RVRERER SRR BERY k TS ARE,
X s X a3 A ke TRFEAR ) e K AE AN e/ IMEL

(2) brifEE RO
U..k—az 172
Vﬁ[Z( 5 )]
UL.].,r
(3) RFIER A F #4844
W, =V,/ 2V,

(4) RFEF LR SN D 5
D=2 U, xW,

2 HREHSH

2.1 A[ERPRE SR R R AR

W3R 2 PR, SF R4 R MR AE PR (8] 1 22 S 283K 31 1 250K L rh b TR 1948 S R A0S Tl
T TR AL SR TEAR S R BRI, BRI R A A R e AN R R A L R A
RN B R T A AR S R AR, R AR A 78 57 06 B 0 3 K T AMRRPRIR , AR 3 S5 AR RO
564 —B, AMNER/INAT BEAS JE LAVE R HERAAG T30 SR /N AR5
2.2 FhMA TARFEFREE SR TR R R ZER BRI &R

FEFPF R IRIREE AR R R B 225 . Seit iR, T 00T, Fh 70 & SR AEAS R
FEMEAT 1 325 55 (P<0.001,df =13, X*=245.83) , fEALAAY 14 DFPHEH P13 FT P14 (ORIRFR Sk, B &
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ML 80% P03, P05, P09, P10 Fl P12 FPEAY WY & RAKT 30% ; Hx 7 AFEER I & %A T 30%—50%
ZIE (), FEER A AR N RV B R LA R 3 22 1] B 38 ELAE FH ¥ S R R R T A B R SR R 2R A
(B 2 gk 3)  ERIEGE M T 2E BRI 0 &, 14 AN FREE Y 25 20F T 07 & SRR 2598 4 B 46 ik
JERTE R R (RS [RRNRE AR 7 K Sz 3 aE i R A A B 25 R (R 3) o MBI T M2 il LA,
P14 7£ 50—100 mmol/L NaCl Zb¥E (i & 355 52 3] W2 W06, 1 HABFREEYE 100 mmol/L NaCl &b P}
W RN R 0 R s B Ehvk B HE— L TH , P13 I P14 (B R R MR ZF 48500 B B BIRA B 3
o AR

R2 TREMBFEMFREERATESN

Table 2  Variance analysis of phenotypic traits of Leymus chinensis seeds from different populations

P OS—— ——— - o
B eimn  wiewa HPE TR . RE
Population  weight with with lemma/ Outer lemma Outer lemma weight of of caryopsis/ Caryopsis Caryopsis

lemma/ g o length/mm width/mm caryopsis/g o’ length/mm width/mm
POl 2.25+0.49 6.28+0.05 6.930.04 1150 1.33£0.22 2.8120.09 3.96+0.06 0.9120.01
P02 2.1220.3 6.55+0.32 7.52+0.18 1.15£0.03 1.020.18 2.45:0.35 3.51:0.23 0.920.06
P03 1.950.05 6.35+0.88 7.5420.86 1.13£0.06 0.98+0.02 2.680.18 3.6120.14 0.9420.04
P04 2.1520.15 5.620.32 6.360.17 1.190.03 0.990.09 2.5:0.19 3.35:0.11 0.94:0.04
POS 2.33£0.29 5.8+0.48 7.060.48 1.1£0.04 1.25£0.07 2.59+0.07 3.7720.13 0.930.02
P06 2.37:0.8 5.85£0.90 6.73£0.72 1.140.08 1.24+0.42 2.66+0.25 3.79:0.17 0.9420.1
PO7 1.95£0.49 5.280.59 6.6+0.48 1.01£0.09 1.280.11 2.5420.001 3.96+0.001 0.88+0.001
PO8 2.5720.13 6.7420.10 7.28+0.09 1.27+0.04 1.470.05 3.200.04 4.24:0.04 1.06+0.01
P09 2.17£0.3 6.2+0.24 7.21:0.23 1.13£0.06 1.18£0.21 2.72+0.25 3.7240.2 0.96+0.06
P10 2.840.15 7.92+1.08 8.41:0.81 1.26+0.07 133£0.05 3.29:0.12 4.120.15 1.05£0.04
P11 1.93:0.21 5.81£0.55 6.58+0.38 1.15£0.07 0.95:0.09 2.25:0.12 3.48:0.13 0.87+0.05
P12 2.540.33 6.92+0.99 7.670.8 1.23£0.06 13£0.25 2.64+0.37 3.790.22 0.970.09
P13 2.420.09 6.30.78 7.240.87 1.18£0.06 1320.03 3.36+0.34 4.2120.17 1.030.08
P14 2.84+0.04 6.78+0.15 7.83+0.14 1.23£0.00 1.68+0.06 3.310.07 4.10.06 1.10.01
v 11.94% 10.49% 7.76% 5.92% 16.49% 12.83% 7.30% 7.12%
P 0.0393 0.0012 0.0023 <0.001 <0.001 <0.001 <0.001 <0.001

TR A T EhRiE 22 CV A8 55 BB Coefficient of variation

TEfRRRER A G B0 14 AR R0 AR & 10 2 SRR T BB A B0 &, 3 ¢ BH 3 Tk X = B Rh
T R LA IHER AR SEAFIET, R, BR ERvk B S — 38 038 A AT 30 A B 5 1 S
RAEA B EZw (K 13 3) AN [FFPHE R S & 3z 5h e ro i B EE AR, AL 1 AT RLE Y 7E 50
mmol/L F1 400 mmol/L NaCl 4bBf | K 2 HCEFER ) BB & R BEX B FE/KSE , 100 mmol/L S & SR Mk
I TX%E HR 17 200 mmol/L NaCl ZbFH Y G & 38 i 35K 7% i, Horf P02 P06 1 PO9 FHHEFE 50 mmol/L Fl
400 mmol/L NaCl ZbHJ5 () 087 % 2R 58 3 v T B i A AR RE A B i A R S X IR C i 5 25 5

R3 HME MBEREXEEAMMFHELZEMBHEENZMT

Table 3 Effects of saline stress, population, and their interaction on germination rate, germination index, and total germination rate

i k% KEFFREL R ER
S T Germination rate Germination index Total seed germination rate
Factor X2 df P F df P X2 df P
EhALHT Salt treatment 1083.93 4 <0.001 15071 4 <0.001 913 4 <0.001
B Population 840.31 13 <0.001 10421 13 <0.001  1175.94 13 <0.001
AR 7911 52 0.009 7.85 52 <0.001  78.92 52 0.009

Salt treatmentxPopulation
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Fig.1 Germination percentage and total germination percentage of Leymus chinensis seeds from different populations under saline stress
PO1—P14 435K 14 A2 RERRE AR R 2 EAE 1R RN S FREROR AR R R 22 53 135 (P<0.05) ; B 80 S P 49 (8 b 2% (n =
14)

2.3 BN AR E R A K
FEAEERI A A HE T, AN TR R A B AR A DL i e AR R B A AE R B 35 25 5 (F e = 21,07,
P<0.001; Fy, =12.717,P<0.001) (& 3 F1lEl 4) . Horp P10 P11 il P14 BT K B35 0 TAREK , i H bR e
KERKICEE2ZSR, 16 14 DR 10 KRR ) 3 5 T AR R )2 P13, 50514 8.04 cm
F18.09 cm, ifii PO9 FJF-34 {5 K FARK AT M 2.79 em F13.0 em, ¥ B ERTHAAEE, P14 K S PI3 TG
XS ARK BT PI3FEE, P10 M P11 AUARES, DL PO3 P05 P08 P12 fY i K FITARIS Y8, 78
2—5 em Z[Al, B AIRIREE AT, bR P03 Fl P09 Z A, HAWRNE A EREA i S A 1—2 Rl 7EAR R4
WY PO3 B E AR T AR PR R RN T 2,
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Fig.2 Germination index of Leymus chinensis seeds from different populations under saline stress

PO1—P14 35138 14 ADFEFFE; AL ERSAE)/ING 5 R FOR AN R R E] 22 57 .35 (P<0.05) o I B R AR IEZE (n=14)

FEER A ZF T Bt oA R R IR T 2R R L B AR R A BE ik R B A SR B A B 3
S (3,18 4 gk 4) o RN, ERMa SR EE R 3¢ BAE I AR B ELAG 1o 2 5 e, 6P i o B g e s i 2 it
Hh AR R AR AZ BN ER e AR B & T Hh B4 . PO P08 T POO A i 1< Bifi 7 b vk B A n 22 56 7
SRR 7E 0—200 mmol/L Rk EEALFE T | P02 P07 F1 P11 FlREAY 1 4 2% T-0 1R, o it ok
ZF G E P, 400 mmol/L FRACFR B & T A AT AR K . R BN AR LR S TR AL, 1
200 mmol/L F1 400 mmol/L FHfk R, - H- 50w F b

R4 BB MBERESEEANFESEE KN

Table 4 Impact of saline stress, population, and their interaction on the growth of Leymus chinensis seedlings

AR R4 Root length HREL Root number Hif Shoot length %% Leaf number
Factor F I P X2 daf P F af P X2 df P
£hAbFE Salt treatment  152.8037 4 <0.001 8.606 4 0.003 29.6676 4 <0.001 29.290 4 <0.001
T Population 8.5710 13 <0.001  62.786 13 <0.001 22.9729 13 <0.001 39.485 13 <0.001
FhAbHE xR

Salt treatmentx 2.2037 40 <0.001  29.892 40 0.005 2.1533 40 <0.001 3.142 52 0.9974
Population
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Fig.3 Seedling length of Leymus chinensis seeds from different populations under saline stress

PO1—P14 J3527R 14 A 2ERORE AR R 10 P _E ARG PR RN [RI R ] 22 53 .35 ( P<0.05 ) ; [ B0 AP S {E + AR 22 (n =

14)

B POO FffESN , HARR AR A MR RS B B $h ok BE RO NI A . 75 50 mmol/L #h WA T, K FhEE Y
MRAACSE B AR TR, O ELER R R My AR AR A OS2 BRI R R BE O, ORI AR R A i) B (B S S AR 3R
KA, 5XHEAALE 75 50 mmol/L FEWHA T, PO4 M BHR F 80k R & AR 3% 484k, 17 PO1.PO7 P13 P14
iR R 2R R . £ 200 mmol/L ERWHE T, T4 R EAR 2 B 294 BT i, i £E 400 mmol/ L /B
R RES BT A RN TR R B SX O R 225 . AN, 14 AFRRE R BARER 0 B M T A ARG,

P14 F1 P13 FRER 4 8 1< B AE 2 ER R BEAR I 2 8t 3 i T HARRPRE
2.4 AR ORI ER LR o0 A
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Fig.4 Quantity of leaves and roots of seedlings from different populations of Leymus chinensis under salt stress
POI—P14 43 HIFRIR 14 A FBRNEE AR 5506 ETEE AR NG R R R AN R FRE (] 22 5 1 2 (P<0.05) 5 B h Bl A P BB bR 22 (n=
14)

MR P AE I 22 5 SE Rl & X R b 0 SRR e L AR S . 3 R VR B S B A 32.3 mmol/L
(P06) & 131.3 mmol/L(P14) , B S ELVE & 4y 80.8 mmol/L(P11) & 237.4 mmol/L(P13) , BOAEER R Ny
222.2 mmol/L(P10) & 484.8 mmol/L(P13), P13 Fl P14 FhREEAYE B Eh W B R BOLEh Ik B FNEsE 3h ik i 1y
2 T AR, b i & R I R AT ERBE T 5 T P06 1 P10 FRHETE =Wl 8 b h X b THARK P, %
PR A e A R URR . BEAN, W R B B S 0 AR A B BT R A 4 i AN — 35, (G i B —FE A DL 42 1V
AP AT ER 1R , 2456 4N BE T BB R R A K d8 bR, B T Eh £ 51PN D TR (3R 6) , SRAS B Fh
FEEEWA I BLZE S TR BE 11 HER 4 P13>P14>P02>P01>P09>P07>P11>P05>P12>P03>P04>P08 >P06 >
P10,3R9] P13 1 P14 Fit A Som it ER6E 7, 17 PO6 F1 P10 X Eh Bk A i BUsk
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R5 TRAMBFEMTFXNERTROWZRE

Table 5 Tolerance concentration of Leymus chinensis seeds from different populations to saline solutions

B Population POl P02 P03 P04  POS P06 PO7  POS P09  PIO  PIl P12 PI3 Pl4
‘ﬁr‘—'ﬁ»‘ 5ed

R KE/(’““]OVL,) 99 848 889 525 1172 323 768 485 485 404 303 404 1162 1313
Suitable salt concentration

PHFEERVRE/ (mmol /L)

Semi-lethal salt concentration

WBR/BOEERVER B/ (mmol /L)

Lethal salt concentration

1859 1879 177.8  105.1 1495  84.8 173.7  105.1 97 84.8 80.8 96 237.4 232.3

367.7 393.9 355.6 319.2 400 379.8  367.7 3313 2505 2222 308.1 4145  484.8 439.4

xo6 BWETARMBFEHRLMYHIETREIYEHENES TN D E

Table 6 Membership function value and comprehensive evaluation D value of each provenance under saline stess

AR 8 s EUA Y E Mean membership function value of each indicator LAV D (E
p

R _ Her
Population - Comprehensive Order
GR Gl RL RN SL IN TR evaluation D) value
POl 0.4497 0.4464 0.4245 0.4444 0.5085 0.2943 0.5194 0.2976 4
P02 0.5091 0.4254 0.5014 0.4254 0.4888 0.5867 0.8620 0.3967 3
P03 0.4113 0.3631 0.0742 0.0848 0.0989 0.1368 0.2488 0.2058 10
PO4 0.2504 0.1825 0.3559 0.3754 0.3516 0.2918 0.6149 0.2055 1
POS 0.4885 0.4284 0.1980 0.1909 0.1836 0.2065 0.4591 0.2222 8
P06 0.1262 0.0820 0.1761 0.1633 0.1623 0.1403 0.6700 0.1275 13
PO7 0.3879 0.3123 0.5590 0.4227 0.4884 0.5454 0.5262 0.2601 6
Po8 0.2420 02111 0.1924 0.1419 0.1496 0.1309 0.3695 0.1337 12
P09 0.2156 0.3733 0.1419 0.1160 0.1116 0.1452 0.6290 0.2700 5
P10 0.1435 0.0850 0.0482 0.0891 0.1275 01039 0.2136 0.6960 14
P11 0.2782 0.3593 0.1522 0.1415 0.2524 0.1020 0.3841 0.2263 7
P12 0.2566 0.3389 0.1141 0.1406 0.1319 0.1001 0.5046 0.2156 9
P13 0.7967 0.8023 0.9308 0.8164 0.9570 1.0000 0.6530 0.8323 1
P14 0.7744 0.6575 0.6223 0.8377 0.7599 0.7225 0.7108 0.6000 2

GP . #i%& % Germination rate; GI; & 284 Germination index; RL: ZHi#RK Root length; RN HRZ% Root number; SL; 471K Seedling length; LN 5%

1 Leaf number; TR S8 %% Total gemination rate

2.5 SEMRAS )RR B i M 0 AR R o A

XA T PR AR DA TE 38 T (8 & R i R AT A M AT (L S) S SRR R TR
BB R NS RS SR R 2 R AR — 8 AH DG, I FLIRI S B MR 2 ) 8 A G . FE R T Mtk
R Tk 5 AR TR AR B R B B T ol 3 R St =2 A, Al 1 RO AR T o 2 A O
Hoh R B SRR 56 B R SR 55, T A 7 A 7 14) T4 B 0850 SR TR 5 800 SR A/ IV (8 5 A
5 M TR AN, S8 SRR/ NI WA B A MER PR, R AR TR B R - pH I TSGR
RTHRE 5 58 pH Al EC 52 5UR G 5 4R 27 5 Fh 7 22 I BURUET SR A f 38 (B AH G , B K 5 26 1 0 3 1A
XK, HAER K i 0 IR ARG . AETCIA SRR SRR R R S R TR E R 1 BRI Y B 3 A O R R
R B E IEADC (B 5 HABIAET K T 0 A OV s iR R s 5 TRi e AMETERE R TR AR K
JEERNGE BE TEARDG , SRR D pH & 25 60RO 5 7 2505 80 3 T J R SR A BE IR AR G, [R5 48 B I 2 T A
Ko MHELZF ARK A KSR RN TS E MO, 5 %)% 145 pH (1 EC B FIEMX, ¥+
IR R F R R B R AR AR SR 2t X 25 IR - St B 25 G 1A D (EHEF T840 I 4307, 25 R % W -4 pH(B=
0.464,P<0.001) A SRR HF(B=0.339,P=0.025) W E 5 T F IR 25 5 0F0 DA, 0l i ks T 15% il
9.4%I17A8 55, 3R W - Ak 2= R M R Rh - SR AVRRIE 2 S AP SR MR R ) 25 A R N R
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Fig.5 Correlation analysis between seed traits of Leymus chinensis and environmental factors

MAT. 4E3JJE Mean annual temperature; MAP . AEP [ 7K Mean annual precipitation; * :0.01<P<0.05, ** .0.001 <P<0.01, * == .P<0.001

3 e

3.1 ERJPNA T A RIRN B A AR SRR ] AR S

T -1 & RN A A B BOR AR YRR G 57 5 30 I PR B 1) GBI, b R BIR 7 S A AR A 1) J s v 37
M AETE , e —F L A A SR, BRI HE IR B A& DARIRE A R BR824 1, DT P UE b B PR A7 06 R & Je ) ol
TR - FNIE F R0 T & 1 SR CFTE AN TRARIRZE B Wy Fp A Fh B I AE A i 22 R % R 2R R
AFHACR R B UE S HA — R A AR PR EUAS TR PR A% AR HIR 7 S B kot 8 e 4 o o X
KT, ABFITEE R, 2 B )RR PR K ST AR 36 Wi A7 7F 8 3 25 52, 33X 1T 6 -5 b 5 1) SR 85 1R
T RIFhF R AR () Z R 2 VA O

A ZE R Jolh 3 0T S R A K 2RI B P SR S RSN AR R R L R R R (A0 400 mmol/L) JL
P SE SN R F B K, AT RESE B TR A a0 s T R RS TR W A AR AR BRI 8 S R 4 Fh
TREMBIRE W K . M2 T, SR B (100—200 mmol/L) o R it 52 i) 2 0 by U A% 7, B 400 1) 17 348 43
P78 %, SOnT REE o s RSP (B VR R ABA FIIREEZE GA) i FHBAFh TR A IRARRIR A, 23
B2 R FAE A R BR IS A AR E W & (AAE S AP b | SRR BRATL A Bl b s 100 ol 30 B 855 | 3 5 4

http ; //www.ecologica.cn



11 4] TS A ERA R SRR T AR R Rl N AR S SR R R 5493

FERN A7 1% JTHE IR 238 B2 WA, DN TN S A R 7 S AR P05 v (R 7 1 5 BB D 38, b, (R Eh ok
J& (41 50 mmol/L) AT BEXS#B A (4 PO2 F1 PO9) A A 7= LE 175 T A0, 70 AR PR MW IE i X SE R0 R SR B BT )
(M R, AR A A Y e SR8 T RERSHE S A T & BRI AT Re Rt T Na fE M A KR E
PIITR (L BEICE 36 MY Na® & i REAS HE 5 4195 5 4R b T WK MORT G 2 b1 1

Iy ¥ 9 BT R JPM 3 P e 17 ) 2 B 0 2 R [ 22 S PR B WM ASBIETR s SRR ] AR ER MR BE (
50—100 mmol/L) % b E#F4N H A=A B SE A/ IN | 22 70 R 40 Fh e v SR 0 ) — o 9 B R D T8 e 1) R ik
J& (200—400 mmol/L) M@ 40| 1 A B YRR AL G, SRT, S B AR ], AR AR AR AR ER W B2 25 T D
2 E 0 A AR R A, AR Eha wT AR e AR R (TAA) B BRI JR & R (GA)
TP DT RIEAR & 70 SRR G P BB A AE A 3 7 0 JHh 300 B 558 7 R I8 W 05 43T SR s, B 3 3k R A
EAR A RETHFET IR R B0, AR R K A RIR A A WRCRE 1 > NI 7E — @ B AR UE 4N i i A
BEAL SRR 22 AT A8 AAR S e 1 2 B AR U380 R A — b < S0 HIURURS: ™ A3 1o AL 4 RIS 40
TE 38 PREE P A 32 B 10 55— b5 RE A ] K T DRAIELN B 1E AR ITEAR A 254 T 48 o5 B I A =
(], AN AR S A AR R B
3.2 SRR A NG AR A BT ER PR A (] A2 R AR B R R

PR Aol P 72 S RE A% A B 00 b T S Jo R 5 114038 17 ek SR e AR B TR T R LG HR  BR B I R
— 3 R SRR TR TR S 4 pH L R (EC) W FURISE X FR I e SR IR 5 T R i P AR
BRI FO0R , S8R+ B it T RE . 3X— NG AT RE S 1A 55 IR 43 Be AT LR , 7E PR e A8
PRSCHEBERIE F BAET | AT AR S 2 Al (0 7= s B 0 s b A WFSE e BEIRIREE 25 (AN (L RB A% 52 i 7
B i 2 AR 5 i 2 A BUAE OC R TERREE A (AnERBREL T A1) T AR AT BRI 1 i A
TR AL B RN EE R AR (R[] B AR R TR

WA BV PR 53 RS 5 0 0 1 1) 7 & Ry i 2B A0 108 LS 5 o ) A A AR [T 4 Rl 22 ] R —
B BTSRRI X B 5 ( Tripolium pannonicum L.) Bt HAT 4 A BT K% T gy £ 4 X A 778
200 mmol/L NaCl ¥ N AT 8 25 FIAR R AL RN, M3k 4 AR K A R ML B8 % ( Suaeda salsa)
TEER AR H P SRR i A PR v TR PR g L) s RANHHE (Suaeda fruticosa ) FEERBE A= 35 Hh R P P[]
PR T ICERAEBE O  RERIREE T Fh 1 Rp RS RS I 1) 98 i ELAT VRO R i, 1F S M i 45 MR AR 3k
SN N R T ICERIREE MK FLRR i 7E e 0 B A A 800 b, AR B, - RFh T 1 3h 25 5 3P
DA F MR pH B 19 525 TR0V, BBk B SR T A 58 19 3 F b1 BAT S s A i, 3R I 5 w0 R A% e i 1
SR RIS e oA B 5 A S 4 BT %6, AT R B A 45 PP R R A it A 2 R R A SRR
TIAEARER AN IC R BB 0 A PRIE 0~ BRSO A7) 2 I 50 vos O I R R MR B &l e, R B R B Ao 1
REAEIE I 2 Fh AR SR EE e F M A 2 SR 2 —

i — 20 2 25 1] DH R 1) figp 6 i R B, =F B i R R MR R0 - 98 pHL 1 X0 T e P % i e R A, A
9.4%1 15.0% , F55 1 FR 1 /NIHEASBE 8 70 B FE R PR A RIRE ) 28 5 ) R 1 PR8I 3R 10 s il
Hb, Hofh 52 9L AT BESL RIVE A TR s R AR . A PTSEEE I AN RIPRRZ M AF 7 TR &R BRI
AFA S SR TR AR A A AR 7 A B olh 3t T 23 ok 5 o A 4k S R R B i - KNSR P 3 40
PR A 0 B e AT TRIZE R R RR T R R I A OO A A R T P R S Ok T B A A A AR
TEFR G T (AT 4 | 8 SR PR Bl R IR 58720 45 3 B0 15t A8 78 5 DA K ast A% 5 BR B 8 A0 AR AR T, R IR SR
XA T TR P 5 1 Tl S o R DR 7 2 A ARSI 4 — 2 9 3 B [ (35 i ke 2 S 107 s g
FI AR EAE PRI B — PR A P B R AR TO 1 58 A i B MP A ) 0 M it SR v 22 5 BRIt R R W52 10 45
BT E T B AZ RS T R MR G A SC R E DA A S i, 5 ELi o A B AR AR 920G SRR IR ST
R GEAEER A T AR IBLE , LA SAS SO A1 W IR0 22 PR Jiip i S5 6, S Tk B A58 DR T b R 3 1y 1 Py 52 i
XL RS Pk B 8% 2R PR R AR 2SR A2 HR AR AR AN S5 Bk FR =
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ARG R A [RIFP R A R B AR AR B30 R & M A KRB W 2 R $hhan W2
TR R MG AR AR FEREESZ 2 GRS R R, P13 R P14 FRBER BT & R FHe L A K
FERNZRA T ER PPN 0 2 5 T AR R, AR AEARER VR FE F (50—100 mmol/L) 23— LI #a# mhik
JETF BT, 5 RKAH G AR ER 30 B AU R ZHOP AR 50 mmol/L B 32 2] 5 2 52 ), {FAR R 45 1
T, AR R RE S A VR AR RIE AR LG N ER A . fRER A S | EREE R R W kY S B R RE i s
5 % , bk 100,200 mmol/L NaCl Z 4k, Bif &R 5 T 0 35 22 5, AR (1 — o0 Fh 176 £h Jblhae Rtk A
PRIRARZS DA RS 77, THIE B & M D RE8 15 & A8 K, T BB 25 B0RP R4 0 38 I 36 e i 2 205 K,
X IR By 3 B~ SRANHR AN R PR ) R R AT /0T, 2 P 5 b A R - B SR X b SR AR
PEARA T BRI, B0 R 2 T AURISR AR 4 0 £ 358 pH (S XTI ER 2550 D (RO R2 0 S 2, Fh s b+ 3% pH [
B R RN A KW S A P AT BRI $h v . 28 0, SRR PR 0 A8 S5 5 BRI B 3 DI AR G, Bl 7R/
PRHI KT B it 8 T4 A PPA 2 R SR G 1 BB T A SRR A, AN ST 45 S 2L R i SR vk el R R 2 ek
PRArt S AR B AR A B T b2
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