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Abstract: Stress caused by different NaCl concentrations, germination proportion chlorophyll content, proline content, MDA
content, and soluble sugar content were measured during the germination and seedling period of six grass species. As NaCl

concentrations increased, proline content and MDA content in leaves of all six grass species increased. Chlorophyll and
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soluble sugar content first decreased and then increased as NaCl concentrations increased. The membership function was
used to evaluate the antisalinity of six grass species in germination and seedling periods. Results revealed the following order

of salinity tolerance for the six grasses (from largest to smallest): Bromus inermis > Alopecurus pratensis > Roegneria

grandiglumis > Elymus breviaristatus Tongde > Agropyron cristatum > Roegneria pauciflora Tongde.

Keywords: gramineous pasture; salt stress; seed germination period; germination rate; seedlings period; salt resistance
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2 EAEME, 204 THREE 3 000-4 300 m
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Table 1 Test materials

#¥El Material

SRR Source

[RI{E ST AEFEM B Roegneria pauciflora Tongde
YRR E W Alopecurus pratensis

TCTEHEZE Bromus inermis

KB Roegneria grandiglumis

JRFRVKEL Agropyron cristatum

[V TR Elymus breviaristatus Tongde

AP R F % 5H3% Qinghai Province Pasture Breeding Farm
F 4 5 S0 Qinghai Provincial Grassland Station
F 4 5 S0 Qinghai Provincial Grassland Station
F 4 5 S0 Qinghai Provincial Grassland Station
F 4 5 S Qinghai Provincial Grassland Station
FEE R B M B Y Qinghai Province Pasture Breeding Farm

1.2 REHZE
1.2.1 PO R

MpFALER . SRR W, PERNL B
1. TEE AR BERE T T 1% NaCl ¥ W R iR i 15
min, A5 2K 3 BIFME LA 3 E)E
AR FR A, 0N IE & 1 NaCl ¥ i) (4 BE 53 5l
4 70, 140 A1 280 mmol-L™"), Xf F& (CK) i A\ 7 14

Ko REFRILBCE T R4, BIEHESIIE 20 C, &
RICH 12 h, BRI F AR T NaCl ¥, %
MR 781K, B 4 d 58 3 8 40 DA /K 35 10 A8 1 g
. FAMEH (EFECK)KLIANEE, BHrEE®
SO RiAhF. HFFETFEFRATIFHENLE, L
IRZEK ST RZER T 12 K bR, BESR
i A 1RSI H BAE NI GG, S BRI SR
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REZFFFIBCE, ML 15 dAHEA M TR EBAE
Vol RS R I N

REFF = (IR K 1Byl m 120 < 100%.
1.2.2 B B Oy v

P LTI 4y, B Ak KRR, KD
AHUE: L1 1 4aMRERRE T8I R
o, FNEKGRE, EAeA TP SO S R
T, HTLtBRRBRES, HBMEEN1em. FHH
JG, I KE2~3FMEEFTHE, BEH
30fk. 6 AR EEM S, 304 . fFEKE
4~ 5 Fy i 47 NaCl AL 2 . NaCl &b # ik £ 43 )
5450« 100 150 200 mmol-L ', X H& FH 218K,
REANKEFE 4 REH . 7E NaCl AL FERT 3 d X fr B 1o
BEAT PR AL TR, (47 A T M & KRS (-
K B AR R AE 22.8% + 2.0%). NaCl b3 K ik
JEE R B 38 T 1) 5 SR IR AT AR 3, 14 d S 2 B %
A BB AR AT I E
1.3 HWERHIAIBIEIRNE R 5L

4 % (MDA) & &

90 BB R T 0, B0 10 min,
EIEWCONEERCY), B IE WO AR R . AR S BOR
I 2 mL 0.3% TBA ¥R, #7K¥#H 15 min /5 57
BIYA 20, FERE 0 15 min, B IS W, I 450,
532, 600 nm FEKHIIEE . M Cypa=6.45(Ds3, —
Dgop) — 0.56Dys0, 1T 5 H MDA HIKE, F4% KN
51 MDA & &1,

MDA % & = (MDA K & x $& B AR R )/AE P 21
AN £: e
1.3.2 WEEEAAEN S &

PR BB RE () BEAE 0.3 g, T WEER R BT BE R A
K, In80% N, ALLERMLALH, HiLER
25mL A&, REMWEERER, &EHA
fifl 52 2% 22 25 mL. DL 80% TA Bl v 2 [ 5 I8, I
470, 646. 663 nm ¥ K T FIMEAHE .

C, = 12.21Dg5; — 2.81Dgyq:

Cy=20.13Dg4 — 5.03Dggs:

MR R MIRE C= C, + Gy
C,.=(1000D,7) — 3.27D, — 104C) / 229;
X Cov G MERHERER a M SR b K

FEs Cypo RANFIAE P RMAIKRE.
WR4E PRI EANAP K ORN SR
BERSE =(BRIKE Cx IR EE < 7k

1.3.1

540 > 1.000) / B 5 6 5
1.3.3 WA THERES &
BRESE T RE IR O, /KA 30 min,
A S EL 0.5 mL $2 HU T InE 1.5 mL 28 18 /K 11
AT, KR 0.5 mL () EER 2.8 2B F1 5 mL
W R 78 0 R ¥, B8 L B UERR AR IR 1 min, 2810
JKAE SR, 5 HAE 630 nm 38K R AR G FE AR
AN S = (C < Via) / Ws
X CHMERERE, BArdE & RE (ng): V2
PR UEAREY (mL); a5 i BB AR AR (mL);
W RFE L E ().
134 SRR SR
F 3% MBSk B A2 3 /K HH 4 X 15 min 5,
FHBR PR B = v 2t , SR 5 F 2L, @ e
B ah 5, VIR SEELE 520 nm P K ROk,
JHZ R = (C x Via) / W
X CRNVUEMEIE & (mg), HHFRE 2R 15
V ORSEBORUEARTR (mL); a A g i T W B ) 42 AR
(mL); W AFEME ().

1.4 HELEBES SR

1 56 T 159 #5040 38 i Microsoft Excel 2007 # 47 4k
FEIFAE B, SPSS 20.0 4t it B A4 X A [ 4 Felt AS ]
WP A], DL R [R] 9 B AN (5] 4 b ) 1 % 00 A 2 45
#r; A Student-Newman-Keuls /5% 347 7E 0.05 . 2
KF BRI Z E L H Origin i) B34 il 76 46 1
2 BRGS0
2.1 NaCl Xt 6 M RARGE T & Hiz

R G IR M7 (Alopecurus pratensis) [ # &
FUEGNKEMEYEES T HRSHRE (P <
0.05)(|& 1), K& NaCl ¥ 280 mmol'L ™', Ji vk B2
(Agropyron cristatum) B /K ZEF 42 5 PP B 47 15
B ER . MAFWKE NaClla — %) F 5] 5 s vk
B 7E NaCl K F¥ 140 F 280 mmol-L ' % 5 R & %
G, HAMWGEREZEZR (P<0.05), HBEKER
HOKHE R R T %,

22 NaClbIBst 6 IR AR EEH PR LRI
FrEs i

6 PR ARHEL N & 221
Bt NaCl BHasmBE g, S4m 5+ E MDA
HEBEZETE (P<0.05)(F 2). NaCl i E 7 0~

2.2.1
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1 ~
0 aA [RIEATIE R E Roegneria pauciflora Tongde
5o m HEB AU Alopecurus pratensis
2 80 ’::: aB - TCLE4E A7 Bromus inermis
}Lé aB :::: I:l K& Roegneria grandiglumis
g 60 + T ::: ] WEEVKEE Agropyron cristatum
§ :‘: Il RS BB Elymus breviaristatus Tongde
E &
5 40
4:& %
4 B
B 20 : c
o a
X
5 bD a8 e dP dB bB B
0 XX
0 140 280

A

NaCl & NaCl Concentration/(mmol-L-")

1 FE NaClLIREALIET 6 ML E IR & X
Figure 1 Germination rate of 6 pastures under different NaCl concentrations
AN E) NS 7 BER IR [F) — WA AN 6] NaClifk B[R] 22 53 .3 (P < 0.05), AN [A) K5 7 BEFR IR [[] — NaCl ¥k B R A [F] 4 ) 22 37 i 3 (P < 0.05).

Different lowercase letters within the same species indicate significant difference between different NaCl concentrations at the 0.05 level, and different

capital letters within the same NaCl concentration indicate significant difference between different species at the 0.05 level; similarly for the following

tables.

#2 FAREINaCLIKELET 6 MUER_BEES =

Table 2 MDA content of six grass species under NaCl treatment

-1
umol-g
NaCli&k /& NaCl concentration
¥yFh Species - . - - -
0 mmol-L 50 mmol-L 100 mmol-L 150 mmol-L 200 mmol-L “F-#4 Average
I 3.66+0.02Be  7.84+0.02Bd 12.18+0.02Ac 33.27+0.02Ab 45.63 +0.01Aa 20.52+0.02A
II 4.13+0.01Ae 8.63+0.02Ad 11.36+£0.02Bc 23.63£0.02Cb 35.28+0.01Ca 16.61 =0.02B
I 3.74+0.00Be  833+0.02Bd 10.54 +0.02Cc 21.86+0.03Cb 30.43 +0.03Da 14.98 + 0.03C
I\Y 3.85+£0.04Be 7.46+0.02Bd 10.94+0.02Cc 27.28+0.01Bb 39.45+0.03Ba 17.68 £0.03B
Vv 344+0.03Ce  7.28+0.02Cd 11.37+0.03Bc 31.43+0.02Ab 42.36+0.03Aa 19.17+0.03A
VI 3.17+0.02Ce  7.324+0.03Cd 11.46+0.02Ac 24.84+0.04Bb 37.45+0.02BCa 16.85+0.03B
[: [FEIEIEIE Roegneria pauciflora Tongde; 11: HJFEFUR Alopecurus pratensis; 1ll: TET-H#3Z Bromus inermis; IV: KFE Roegneria

grandiglumis; V: JiBEUKIEE Agropyron cristatum; V1: [FEEF TP Elymus breviaristatus Tongde. I [F]Similarly for the following tables.

100 mmol-L ™" i} 44 B i - ft MDA 2 & 48 1k 1 i 4%
/N, B O 4 G IR B NaCl e — 2 it 52
B8 J1; BEF NaCl AR, 7 150 1200 mmol-L '
(¥ NaCl & B T, s ALK 55 0 [ 438 37 46 RS WL 55 (Roe
gneria pauciflora Tongde) [f] MDA & & # N £ ,
A3 BT IR 9140 1231 f5 A1 7.84. 11.81 f5; 1
TN B R B RE IR L A, 2 X TR
fh) 572, 8.54 % A1 5.84. 8.14 1% . iX % B Jwi 2 UK
B, FEZEEWEZ R WG ERR, HEEE
IR TETERE S B A E RN
222 6 FRARHMIE MG FH EF 2L

Bt 5 NaCl i FE RO 3 K, 6 Fl R A B (1

GERSEREIRTEENZN, FH—DMEARH
NaCl K T M43 5 8 2% 7 % (P<0.05)(% 3).
NaCl ¥ & 2 50 mmol-L™' B, BT A BUEL i 43 25 47
YR NaClyk & 4 200 mmol-L ™' 1§, Jif A 4k
TSRS BRI R T (P <0.05), [H{E
TAIEME TN HE, BB TRET 84.5%, it
GERTERD, ZNaClEGELR; MEREE
RN D, BN IR FE T 49.4%, 32 NaCl i e
5 55 /N 5 ) R PR R K B o W R R T
60.7% 1 59.5%, i 25 1% = 5 [H] o
2.2.3 6 PR AR} PR AT VENE B I AR AL

6 Fft R A BHCEL (g v] 5 PR RE S 2 2 e N 5 %
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Table 3 Changes of chlorophyll content of six grass species under NaCl treatment

ng g
NaCli&k )& NaCl concentration
YyFh Species - - - - »
0 mmol-L 50 mmol-L 100 mmol-L 150 mmol-L 200 mmol-L “F3J Average
I 341+£0.01Dc 390+£0.01Da 3.55+0.02Db  2.97+0.02Dd  0.53+£0.01De 3.08+£0.01D
I 540=£0.02Bc  795+0.01Ba 6.34+0.03Bb 3.62+0.01Bd 2.73+0.01Be 5.21+0.02B
111 742+ 0.01Ac  9.24+0.02Aa 8.77+£0.01Ab 4.23£0.02Ad 3.94+0.03Ac 6.72 £ 0.02A
I\ 3.70£0.01Cc  543+£0.02Ca 4.57+0.02Cb  3.07£0.01Cd 1.50+0.02Ce 3.69+0.02C
\% 3.63+0.02Dc  4.56+0.01Da 3.98+0.02Db  3.02+0.01Dd 1.07+0.02De 3.14 £ 0.02D
VI 4.07 £0.02Cc 536+£0.02Ca 4.55+0.01Cb 3.77+0.02Cd 1.60 = 0.02Ce 3.85+£0.02C
#F 4 NaCIQLIET 6 M ERAMESEMNE L
Table 4 Changes of soluble sugar content of six grass species under NaCl treatment
1
mmol-g
NaCli&k & NaCl concentration
Y)Fh Species - - - y -
0 mmol-L 50 mmol-L 100 mmol-L 150 mmol-L 200 mmol-L P Average
I 726+0.02Dd  7.51+0.02Dc 1096 +0.02Da  8.74+0.01Db 4.97+0.01De  7.89+0.02D
I 11.45+0.01Ad 12.75+0.03Ab 14.95+0.01Ba 12.47+0.02Bc  9.33+£0.01Be 12.19+0.02B
1 10.45+£0.00Bd 12.67£0.02Bc 20.15+0.01Aa 14.69 £ 0.03Ab 10.23 £0.02Ae¢ 13.64 + 0.02A
I\Y% 9.08+0.01Cd 11.23+0.02Cc 14.03+0.02Ca 11.79+0.01Cb  5.39+£0.01Ce 10.30£0.01C
\Y 7.43+£0.02Dd 8.88+£0.01Dc 11.34+£0.02Da  9.37+0.02Db  2.77+0.02De  7.96 + 0.02D
VI 8.98+0.01Cd 10.63+0.02Cc 12.99+0.00Ca 10.96+0.01Cb  5.77+0.02Ce  9.87 £0.02C

RHI#a % (% 4), NaCl¥K % 4 100 mmol- L' i, f
B B R R S B R, 150~200 mmol L
R PR A R R %, 200 mmol L' i Bl v M HE
RERAC. FIREET 6 FlRA R} (8] w] 75 1 4
BEE, EEEETRERESERS, RES
?ﬁm%ﬁ%$w<mm-ﬁﬁﬁﬁﬁﬁim-

[7] 72 23 A 3R 00 B et AR UK R 2 T ] T
FLR K HH 2 8] 22 7 AN B 3 (P> 0.05), {H 5 9l
2 TR PR AR
224 6 FPRABMCE AR S =ML

BE % NaCl i & /8 I, 6 Fi R A B} 4 55
O I R B R S N (P < 0.05)(FK 5). Al —
WA R Py ph IE] () B R 3, KB . ARk
R[] A S B R )RR R R
FZEZEFREZE (P>0.05), H)5MHMEEST
A 3 Fh.
2.2.5 6 FORA B ELT $5VE LR S VR

¥R 6 FiRAFHI R 5 51 35 M 48 bridt

fresaoth, WWEARME S ERIEEZE,
u%t%#%%%%ﬁihi)ﬁfhf’ﬁjﬂﬂﬁﬂémﬁﬁ
fragbr. i R&oR, 6 R ACE [ £ 7 5k 55 R B
N, BPEHREZ>FRE LIRS KB > [FERE
P > J FEUK B> [F] B R AERE M B (3R 6)

3 e
ALY ER /R R R S Ol Y
H$HP, B st S8 X (Avena sativa) T T

M &6 PR A AT 5T, 43 H Bl ke 2 im0, I s X e
ERL A N DS L i R K RN

PR, A e, IR A S
ORI, HE 0 H ER R L AR A B M B M &)

A K TR A ) RS o o e oy 2P BT g
AR EE T AL Y M 1 T R R B T I,
M B E N, M E R R B K. AT
H A B K B2 7E 70 mmol-L ' ¥ (1) NaCl &b ¥ R
Pl B8 K ZFA — e, AR A LX) R 2
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Table 5 Changes of proline content of six grass species under NaCl treatment
-1
neg
NaCli&k )& NaCl concentration
YyFh Species - - - - »
0 mmol-L 50 mmol-L 100 mmol-L 150 mmol-L 200 mmol-L “F3J Average
I 3.444+0.00Ce 8.73+0.02Ad 9.84+0.02Cc 14.46+0.03Cb 20.57+0.03Ca 11.81+0.02C
11 3.54+0.03Be  7.88+0.02Bd 11.67+0.01Ac 18.46+0.02Ab 25.37+0.02Aa 13.38+0.02A
il 3.86£0.02Be  7.74+0.02Bd 12.78 +0.02Ac 17.38+0.02Ab 27.04+0.01Aa 13.76 £ 0.02A
\Y 3.45+0.03Ce  7.66+0.02Bd 10.84+0.02Bc 17.18£0.01Bb 24.36+0.03Ba  12.67+0.02B
vV 433+0.01Ae 823+£0.02Ad 11.86+0.02Bc 15.73+£0.03Bb 20.14+0.16Ba 12.06 + 0.05B
VI 3.474+0.02Ce  7.45+0.03Cd 11.76+0.02Bc 1646+ 0.03Bb 23.98+0.05Ba 12.62+0.04B
R 6 FANEST NaCl QL3R iE [ 5 #r B9 R B &R BB KN
Table 6 Membership value and evaluation of adaptation indexes of herbage to NaCl treatment
R o - s SRR R
it GOFR  vpasm sk wwm gEm e
Grass species MDA content Chlorophyll ~Soluble sugar Proline . P Sort
rate function value
] 1 2 AL RS W
]_‘H‘”ﬁﬁz%xiﬁ. 0.337 0.119 0.438 0.443 0.475 0.362 6
Roegneria pauciflora Tongde
SR ZZIR . 0.387 0.182 0.528 0.514 0.462 0.415 2
Alopecurus pratensis
%tﬁi_ . 0.424 0.197 0.598 0.475 0.537 0.446 1
Bromus inermis
KR . . . 0.363 0.165 0.476 0.481 0.572 0.411 3
Roegneria grandiglumis
A UK 5 ) 0.361 0.129 0.447 0.454 0.514 0.381 5
Agropyron cristatum
=1 s A o H
IS B 0.355 0.143 0.488 0.472 0.498 0.391 4

Elymus breviaristatus Tongde

TR, Rk, AR IE S AR A R
PR A, A ) B2 B AN ()2 el T A R4 Foxs £
(1 TR 2 AN [ orr 5

MDA 1 i 28 B2 &2 Bt 25 b 38 1) 25 22 i S Ak 77
ZER A R E R B E RS R, R
2 TE A 2 AR, AT 30 A B,
TEARB A, 24 NaCl ik B BGE,  HO REHK P
S (SN R OE S @0 e I S ER = 87 Nt = S YO
IR FE 1 189 0 2= B O B0 55 AP R ) JIRE &5 R R T e
S EE MK, BERWINE, TR
B, MMM AK. Bk, HEJ MDA AR R
(1) 18 00 i 3 %o R R i A2 1 MG B R B . AW
GERRW, Jm VKR (R4 ST R R 0 A7 5 b e
M EmK, BEEEMR. LT EEZIRMIER
15 W s, KBRS ) 4 R BB 2k Ja
(45 .

Mg R A RS R AR 3 G RE, ISR EEH
AT E R, RV OGS B B E B AR R
ZeoEu 05 G S N N S LN AR R T N
MGERTELE - CHEE LBEFZmAeEG/EH.
K2 FU T AN [ NaCl ik FE % 3 25 75 & (1) 82 1 (1)
W 78 % B NaCl 18 & 25 FEAC R s p i 2 2
PP FERRF A, BEE NaCLYR 84, 6 Fb
MORL SR 5 B B e g N 5 BRI, R — A i e
GREEAEEER (P<0.05), I HK NaClik
JE b B AR 3E 2R 2 B B K, ey NaCl oA Ji JU 40 il 5
B, X5 ZHTIR 8 X E G T
AWK ER SRR ANER-EA-RRE A
&, PEIRH 23 a IHAL AR & &, FrblBE NaCl
WL N, SIS ER &S

AR S YA ) E R HLBE TR
T, BEHERB THAREZHGEMNRERE, 88
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B E TR M e AR A e AT
Vi IR 2 B E NaClVR 4 100 mmol- L™ I 5% &
7E 150~200 mmol-L™' [, % B 25y P 12 0t 4
FBERT ), iRk E LR A2 B . NaCl
W FEE 9 100 mmol-L 1] 1y BT 98 b4 R} 25 M 30 F)
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