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Salt-tolerance Evaluation of 50 Germplasms of Lolium multiflorum
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Abstract: To screen out high-quality salt-tolerant Lolium multiflorum germplasm resources, the salt tolerance
of 50 accessions of Lolium multiflorum with different ploidy levels were evaluated in this study. Under different
NaCl concentration treatments of 0, 50, 100, 150, 200 and 250 mmol-L !, the root length, shoot length, ger-
mination rate, germination potential, germination index, and vigor index after seed germination were measued.
Salt tolerance of the experimental materials was assessed by using correlation analysis and other methods. The
results showed that the D values of the 50 materials ranged from 0. 037 to 0.972. At a Euclidean distance of
13. 5, the 50 accessions were classified into 1 salt-tolerant accession, 9 moderately salt-tolerant accessions, 15
moderately salt-sensitive accessions, and 25 salt-sensitive accessions. Salt stress treatment of the screened
extreme materials with different ploidy at the seedling stage showed that both plant height and biomass were
inhibited, while relative water content and chlorophyll content were decreased, indicating that plant growth and
physiological processes were suppressed under salt stress. Comprehensive comparison between the seed germi-
nation and seedling stages revealed that tetraploid Lolium multiflorum germplasm exhibited better salt tolerance
than diploid materials. The findings provide theoretical support for breeding salt-tolerant Lolium multiflorum
materials.
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Table 1 Materials used in this study

%5 Number 1 #L 45 Material number T+ Ploidy* SR Origin MEFEAL Type
1 PI 238886 2x I i Rita’
2 P1 255172 2x e = it it Skzeszowicki’
3 PI 266111 2x e S SR LA Estanzula’
4 P1272119 2x b= fih Ff ¢ Westarwoldicum Jasick’
5 P1283610 2x Fiip 4t AR Unknown
6 P1283612 2x [HIBINS A H1ZE 7 Unknown
7 P1343155 2x K& AHIZT Unknown
8 PI 420020 2x H A iR Ho—ool’
9 P1478508 2x JERZ /R P R—271°
10 PI1517948 2x ESE dh ¢ Tift 86
11 PI 537260 2x B i Jackson”
12 PI1 577241 2x ERF HF2E 4 8 The wild material
13 PI 596625 2x 3| MR TXRI1—SREETD’
14 P1 598939 2x ERF HF2E 48 The wild material
15 P1 619470 2x % i Bl Ruten’
16 PI 619472 2x HE il Energy’
17 P1 619473 2x P A Vertyl”
18 P1632537 2x B3| 7 A 4 B The wild material
19 P1634251 2x ESE A Unknown
20 P1 636508 2x HRA HF2E B4 8 The wild material
21 PI 648355 2x B i Floregon’
22 W6 9271 2x LA I HF2E #4# The wild material
23 P1 636509 2x HRA HF A2 B1BF The wild material
24 P1578751 4x 3 [H it A Stoneville No.3”
25 P1 600748 4x Yokt 2 i Deltop”
26 P1611146 4x kRl A ¢ Billion”
27 P1619468 4x P f Bl Ansyl’
28 P1619469 4x P AR Tdyl?
29 B 1 4x TR K 5 #k 5 A The introduced variety
30 ] 4 4x TLIR i R AL 5] The introduced variety
31 LR 4x DN N |4 5]t f # The introduced variety
32 A& 4x TLI3 i R A 5] #F The introduced variety
33 B 4x FRA R F2 A 5k 5 A The introduced variety
34 Jilfe 15 4x PO Ik K 2 & b A The bred variety
35 i35 4x RN NN B ALSL A The bred variety
36 Bk ls 4x VLI 5 R A B RS The bred variety
37 5 4x PR R F 2 F 5k 5 A The introduced variety
38 AhE 4x pu 1A = Aol 5] #F The introduced variety
39 N 4x FHA Al 7 513 F F The introduced variety
40 W R A 4x Wi N 5| &4 Fh The introduced variety
41 i3 4x VL3 KA 513 The introduced variety
42 AR A A 4x TLIR i R AL B BUAL A The bred variety
43 LhiEt 4x Ab st Rl 513 F P The introduced variety
44 [ 4x P RPN A 5| k5 b The introduced variety
45 B 4x Ab st Wkl 5|3 & The introduced variety
46 R IR 4x VLI 5 KAl Hb 5 Bl Local varieties
47 Kim2%s 4x FHA R 7 H WA A The bred variety
48 i1 T 4x TLIR i R A 5] The introduced variety
49 JE 145 4x Ui Al K 2 B AL A The bred variety
50 929-3 4x PR AR 2 #i b F The new line

VE AT ATPEVEROR A Rios %1 S 2x R AR I ax fLZ DA 1

Note: Ploidy*, Ploidy was cited by Rios et al"?"'. 2x means diploids; 4x means tetraploids
1.2 RKIEFH* B R AT W & 0 R B oA 4b BR L % 50(S1), 100
1.2.1 AFHRAPLIE  DIZEMKCK) A HE A% (S2),150(S3),200(S4) , 250 mmol-L '(S5)NaCl

MR AR BRI 45 2R, X 50 I A FE k2 e 8 A LSk AR BRI LR W, B 1wk 7 d AR
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Table 2 Effects of different salt concentrations on root length and shoot length of Lolium multiflorum
A . M Root length/cm
1 B4 5 Material number oK 1 < < ) <

PI 238886 6.0240.45" 3.8440.29" 1.1940.36° 0.1640.06" 0.0340.03" 0.0340.03¢

PI 255172 6.00+0.30° 4.11+0.40° 1.3140.31¢ 0.65+0.15 0.05+0° 0.05+0°

PI266111 4 44-+0.40° 4.1240.30° 1.3740.36" 0.66-0.24¢ 0.12+0.09 o

PI1272119 4.89+0.64" 3.9240.39" 1.3040.27¢ 0.670.16 0.1240.08% 0.054£0°

PI 283610 4.4140.73 3.820.29° 1.2240.26 0.594£0.17¢ 0.11£0.04°¢ 0.054+0°

PI 283612 6.35+1.16" 5.1240.49 1.5240.30° 0.644-0.15% 0.1340.06" 0¢

PI 343155 6.9140.90° 4.604£0.49" 1.534-0.22° 0.820.22% 0.08£0.03% 0

PI 420020 6.93+0.72" 4.3940.25" 1.3340.28° 0.7440.25° 0.1240.08" 0!

P1 478508 5.98+0.88" 4.34+0.31° 1.5340.23¢ 0.82+0.18 0.61+0.11% 0.05+0¢

PI1517948 7.444+1.07° 4.3140.48 3.9140.27° 0.79-0.20¢ 0.63+£0.15° 0.05+0°

PI 537260 5.9440.83" 4.0840.39" 1.53240.23° 0.6740.15" 0.5140.22¢ 0.0540"

P1577241 7.43+1.12° 5.11+0.47" 1.3140.28° 0.644-0.16% 0.1240.08" 0.084-0.03¢

PI 596625 3.9340.37° 3.5540.47" 1.4240.19 0.08£0.03 0.05+0° 0

PI 598939 5.9540.75" 4.0640.49" 1.4540.34° 0.6440.16" 0.5040.21¢ 0.0740.03¢

P1619470 5.984+0.88" 3.7440.34° 0.1740.06° 0.080.03¢ 0.05+0° 0o

PI 619472 6.50=0.99* 4.1040.32" 1.2240.22° 0.664-0.13% 0.084-0.03" 0¢

PI1619473 6.4140.97 4.0340.39" 1.3140.32° 0.6140.12 0.1040" 0!

P1 632537 7.43+1.11° 4.2140.44" 1.54-40.28° 0.93+0.29% 0.120.08¢ 0o

PI 634251 7.9441.17¢ 5.1040.57" 1.3440.20° 0.7340.30% 0.3340.21¢ 0.054-0.05¢

PI 636508 4.45+0.46" 4.1140.30° 1.324-0.31° 0.9340.30" 0.074£0.03° 0

PI 648355 6.44+0.89" 3.91+0.56" 1.3340.21° 0.63+0.15% 0.33+0.15¢ 0.05+0¢

W6 9271 4.4440.69* 3.8340.38" 1.3340.18° 0.524-0.20¢ 0.0840.03" 0¢

PI 636509 6.43+1.11° 3.9140.36" 1.4440.21° 0.9140.24 0.8140.194 0.3740.15¢

PI 578751 6.3440.79" 3.8440.42" 1.4340.29¢ 0.6540.15" 0.5140.20" 0.434+0.21¢

P1 600748 4.42+0.45° 3.82+0.39" 1.5040.30°¢ 0.59+0.19 0.080.03¢ 0

PI 611146 6.44+0.89" 4.2140.44° 1.564-0.27° 1.2140.22° 1.0140.22¢ 0.170.06¢

PI 619468 7.98+1.22° 4.2740.45" 1.4240.30° 0.6140.19% 0.0540" 0!

PI 619469 6.01+1.08" 4.164+0.47" 1.54+0.14°¢ 1.01+0.22¢ 0.8240.18% 0o
[CE(ERES 6.22+0.99" 4.4840.33" 1.5240.17¢ 0.624-0.18° 0.324-0.13¢ 0.202=0.10¢
o .27 6.44+1.09" 4.2140.46" 1.4240.31° 0.9440.24 0.5140.11¢ 0.1740.06¢
i 8.01+1.18 4.2140.45 1.4040.29¢ 0.92+0.20% 0.83+0.19% 0.05+0¢
AR 6.43+0.92" 4.2340.48" 1.4340.41° 0.934-0.28% 0.8024-0.20% 0.174-0.06¢

o 6.44+0.78" 4.2140.44" 4.0140.31° 1.0040.20¢ 0.8240.18" 0.0540"

Jilge 1% 6.43+0.92" 4.2240.32" 4.044-0.18" 1.214+0.22° 0.99+0.19° 0.82+0.18°

i 35 6.44+0.82" 6.24+0.52" 1.4440.41" 1.11%+0.32 0.8140.21" 0.1840.07°

ik 15 6.96+1.25" 3.9340.27" 1.314£0.26° 0.6140.19% 0.2040.10" 0.174:0.06"

S5 6.40+0.96" 3.9340.43" 1.5140.28° 0.70+0.20 0.180.03¢ 0o

AN 6.44+0.79" 3.8840.51" 1.4940.25° 0.44740.15¢ 0.0840.03" 0¢

N 6.31+1.03" 4.314+0.47" 4.024-0.38" 1.1240.31¢ 0.7040.20% 0°
R 6.43+1.11°" 4.2340.52" 1.4140.38° 1.01£0.32% 0.6040.20% 0.1740.05°
% 7.9841.23 5.9240.81 1.4240.31° 0.654-0.15% 0.5040.20% 0.1740.06¢

- e o £ A 6.4241.09* 4.2140.44" 1.3440.28° 0.70-£0.20% 0.50£0.20% o
R 6.9941.19" 4.024+0.51" 1.4340.21° 0.6740.19% 0.5140.184 0.1740.06°
e 7.40+1.17° 3.9240.50" 1.2940.24° 0.6040.20% 0.4440.16% 0.0340.03"
4 8.00+1.22° 4.2340.41° 4.004-0.39" 0.7140.19° 0.5140.21° 0.184-0.03°

E 7.4441.22° 4.2140.43" 1.4240.21° 0.7240.18% 0.5940.19 0!

Kires 4.454+0.59" 4.13+0.42° 1.414+0.30 0.72+0.18° 0.60+0.21° 0.51+0.18°
i T 7.44+1.11° 4.2440.39" 4.024-0.31" 1.1040.24¢ 0.9140.16° 0.7140.19°

JIE 145 7.88+1.12° 4.3340.39" 4.1140.30" 1.1040.22¢ 1.0140.22¢ 0.8240.19°
929-3 4.43+0.68° 4.2240.53" 1.4340.31" 0.61£0.22¢ 0.5340.13°¢ 0.090.01°¢

#1 8L 4 5 Material number £ Shoot length/cm
CK S1 S2 S3 S4 S5
P1 238886 6.78+1.31° 5.4040.38" 1.8240.31¢ 0.8140.19% 0o 0o
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2R 2
. . M Root length/cm
#1 B4 5 Material number K ST < 53 ) e
PI 255172 6.234+0.81° 5.4340.53" 2.3340.51° 0.910.20¢ o 0o
PI 266111 6.7241.10" 5.5540.55" 2.6240.41° 0.8540.22¢ 0.0440.02¢ 0!
P1272119 6.7140.98" 5.43740.48" 1.8240.28° 0.8740.33¢ 0! 0?
PI 283610 4.75+0.79" 3.7440.48" 1.814-0.36° 0.86-+0.34¢ 0.09+0.01% 0
P1 283612 7.844+1.18" 7.404+0.98" 5.2140.79" 3.644+0.42° 0.500.20° 0o
PI 343155 6.7040.97 5.6040.49 2.3040.28° 0.88+0.23 0 0
PI 420020 7.7341.09* 6.7040.69" 2.5140.40° 0.8540.15" 0! 0°
PI 478508 6.70+1.03" 5.5040.53" 2.4140.37° 1.6040.29¢ 0.86-0.18% 0
PI 517948 6.72+0.91°" 5.5240.55" 2.51+0.31° 1.82+0.21% 1.10+0.23¢ 0°
PI 537260 6.52+0.81" 5.524+0.52" 3.64+0.41° 1.1040.24¢ 0.61+0.19% 0°
PI 577241 6.544+1.20° 5.6440.62° 2.8340.43" 0.8540.23¢ 0o 0
PI 596625 3.720.61° 3.7240.52° 3.63+0.41° 0.83+0.31° 0.514£0.11% 0
PI 598939 6.24+1.08" 5.624+0.61° 2.63+0.42" 0.84+0.22¢ 0.610.09° 0o
P1619470 6.234+1.19" 5.6240.62° 1.8340.42 1.2140.31° 0.81+£0.19" o
PI1 619472 6.244+1.07 5.6340.43" 1.784-0.41° 0.874£0.23¢ 0 0o
P1 619473 6.224-0.97* 6.03240.82" 2.334-0.38" 1.1020.21° 0! 0?
PI 632537 6.26+1.24° 5.07+1.10° 2.82+0.51" 0.81+0.18° 0o 0o
PI 634251 6.76+1.57" 6.2241.05" 3.6140.47" 0.82+0.28° o o
PI 636508 5.564+0.77" 4.814+0.61" 2.3440.42" 0.8640.27° 0! 0!
PI 648355 6.7241.31° 5.3640.45" 1.8140.33¢ 0.8140.19% 0! 0!
W6 9271 5.2041.02° 3.734£0.71° 1.72240.53¢ 0.8240.21¢ 0¢ 0¢
PI 636509 6.52+1.12" 4.914+0.81° 2.34+0.32° 1.10+0.24¢ 0.5140.19 0¢
PI 578751 6.4841.09" 4.734+0.61" 1.7440.45° 0.9340.33% 0.6040.10" 0!
PI1600748 5.22+0.81° 4.7340.51° 1.724-0.36" 0.97+0.28" 0 0o
PI1 611146 7.70%£1.17* 6.224-0.82" 3.63420.48° 1.1020.23¢ 0.5140.19¢ 0?
PI 619468 6.5040.97¢ 4.934+0.79" 1.7040.33¢ 0.8140.19% 0¢ 0¢
PI1619469 7.2440.98" 5.2340.59 2.7240.39° 1.080.24¢ 0.52+0.18% 0
[E(ER 6.7141.06" 5.2140.71° 1.7340.43° 0.820.21% o o
] 7 2 6.72+0.90" 8.694-0.92" 3.3240.51° 1.0220.23¢ 0.8040.20" 0?
B 6.71+1.09" 6.224-0.92% 5.2440.71° 0.8474-0.24° 0 0
GG 6.704+0.99" 6.020.81° 2.33+0.51° 0.87+0.23¢ 0.080.03° 0o
i 7.22+1.2° 6.4940.74" 5.8240.63" 3.6440.40° 1.6140.28¢ 1.0140.22¢
415 7.2441.12° 6.0440.83" 5.2240.78" 2.6240.41° 0.8340.29° 0.5240.19°
i 35 7.2341.09" 6.024-0.82" 5.0140.53" 2.1440.29° 0.8240.23¢ 0¢
Bk 15 7.24+1.20° 6.0340.82" 2.31+0.36° 0.8840.22¢ 0.8140.19¢ 0¢
il 6.71+1.03" 5.2140.79 2.8340.43° 0.9640.26" 0! 0!
NS 7.2341.12° 5.5240.59" 1.7240.42° 0.8740.38% 0! 0!
A 6.74+1.01" 5.7240.71" 5.064-0.48" 2.1340.28° 0.824-0.18¢ 0!
[N 6.71+1.12° 5.70+0.71°" 3.6240.39" 2.0940.27¢ 0.0740.03" 0¢
1y 6.7241.1° 5.9240.82" 2.96+0.97" 1.01£0.22¢ 0.800.20°¢ o
A A A 7.71+1.19 5.7340.68" 2.5140.43° 2.14+0.29° 0.8140.19 o
75 6.70+1.17" 5.5340.59" 2.82+0.38° 0.994-0.29¢ 0.8140.22¢ 0!
bEn 6.50=40.99* 3.7340.58" 1.7240.41° 0.6140.22¢ 0¢ 0¢
4w 6.5940.97" 5.83+0.79" 5.5540.59" 1.01+0.31 0.814+0.18" o
E0 6.7241.09" 5.9240.79" 1.7340.39" 1.01£0.31"™ 0.8240.19" 0°
Kit2% 6.72+1.19" 5.924+0.82" 3.6340.43" 1.2020.33¢ 1.0240.23 0°
Eifg T 6.91+1.01° 6.2240.79* 2.804-0.46" 1.2340.32¢ 1.0140.22¢ 0.61+£0.22¢
Jil 1% 7.23+1.09" 6.53+0.80" 5.2340.58" 2.12+0.28° 1.62+0.29¢ 0.60-+0.10°
929-3 7.0041.24° 6.46+1.02 5.01+0.71° 0.99-0.29¢ 0.82+0.23¢ o

T« 22 RO A P 3 (B b 2, X T IR]— b b ek 2 5 1 A, AN TR 9 /NS R R OR AR BRETAE 0. 05 K F- 22 5 . 35, T ]
Note: The data in the table are mean=standard deviation, and for data with the same material number, different lowercase letters indicate sig-

nificant differences between treatments at the 0. 05 level, the same as below
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NaClih B B i) £ 155, % 22 16 28 27 B0 AR K 0 400 46 1
FH 3G fn, 6 048 Ax 2z (8] B A7 78 i 1B 3 22 5 (P<<
0.01>, RRL,RSL,RGR,RGE,RGIHIRVI %k F
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Fig. 1 Effects of different salt concentrations on seed germi-

100150200250

nation of Lolium multiflorum
T A FOR UAE AR P1 6194697 3 B 3R 1AM K PT 272119
Note: A represents the tetraploid material ‘ P1 619469 , B represents
the diploid material‘ PI 272119

TG KR R R, 13 %5 CPT 596625 £ RSL,
RGR,RGI M RV I 34 3 B i 4512 i 28 b i %, 13
5 “PI 596626° 7 200 mmol-L 'y #h #k & F , H
RSL {4 13.97%, 1fii £ 150 mmol-L ', H: RGR
B4 70.00% , W7~ SRt $h % . MILZ T .4
5 ¢PI 272119 7E RGR \RGI FI RVI |- 4 78 {1k 3 %
PR, 45 P 272119  ££ 100 mmol-L 'K 19 RRL A4
H96.22% 46 150 mmol- L~ F H: RGR{E H 19. 7%,

76 100 mmol- L ' F H RGI{H H 28.55% , % Bl i 4%
ZEM T ERPE (R 3D,

16 DU 5 1R B kLR, 28 5 PT 619469 7E RGR,
RGE,RGI A1 RVI I ¥ 3 8 1 18 (1 28 1k i 3%, 28
5 “PI 619469° 7F 200 mmol-L ' #y #h ¥ fF F , H
RGR, RGE Ml RGI{H 4% %} 39.13% , 37.29% #i
33.35%, Won IR A T $h M . 485 B T HE
200 mmol-L~"F RRL{E4 20. 30% ,7F 150 mmol-L '
T RSLE K 26. 71%, 7 H B85 i T £5 14 o i 24
5 “P1578751°7E RRL ,RGI A RV |- iy 75 Ak, 0 K %5
P, 76 100 mmol-L ' F H RRLAE 4 9.48% ,RGI{H
K 24.13%, #F 50 mmol-L.." F H RVI H H
30.85% , K B 2 T 2R P (R 3D,

2.2 SREBEZEHLAAMBEEITNM

¥ RRL,RSL,RGR,RGE,RGI,RVIiX 6 4~
2 v G N TN i Il = W o VT 2 R e
B4 PCATPC, (R 4) o 85 — 540 19 FR AE AR Ol
4.381, TTHRHE N 73. 012, K 2% R 2FH8 BUMTE J)
T B0 B T OB T £ 46 TR 2 R R
DL, T LASE — vl H G B R 7558
BT FEAEAR Ry 0. 835, BTk 13. 9220, &K HF#A
BT W BT 0. 817D, S B T 22 4k MR A7 B R 2
fiE F1 R L o

PR = 2 47 (8 B DA 2 B 43 R0 i AR 1Y 7 O AR 45 %)
Z R T 0 RRAE a8 6 S B & FE A T 2 AR &R
BOBE bR AL TS A5 BB AS 32800 1 25 A FR bR M
BV F1RIF2.

F1=0. 19ARRL+0. 178ARSL~+0. 211ARGR+
0.152ARGP+0. 218ARGI+0. 213ARVI

F2=—0. 119ARRL—0. 652ARSL+0. 034ARGR+
0. 817ARGP4-0. 226 ARGI—0. 195ARVI

MG 2 AT A R A R R e, T
W AR £ A PR (DA o D {E MK, U6 B ARG
b W36 00 BE B, R 2B ES . ASHIESE DE I AE fk
O N 0.037~0.972, — % & # K 13 5 ‘PI
596625 Tiif £h Mk fe ok , 4 45 P1 272119 i 8 1 5 55
DU A5 AR A1 R 28 5 PT 619469 Tiif $h Mk fe 5, 38 5 4%
R R P R 55 (R 5D
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Table 3 Effects of different salt concentrations on the relative root length, relative shoot length, relative germination rate, rela-

tive germination energy, relative germination index, and relative vigor index of Lolium multiflorum

- PO 434 Group
645 Index :
Treatment INQUE IS TE Il Crfr & 8 AU IV CGER RO
%% No. 28 6,13,33~35,39, 23,26,30~32, 1~5,7~12,14,15~22,
48~50 36,37,40~47 24,25,27,29,38
HE R AR K S1 79.49+1.50 79.26+5.46 64.21412.49 64.40411.00
Relative root length/ ¢ S2 33.3340.47 45.35+9.77 31.55+8.77 18.76+7.85
S3 17.4140.19 20.44+9.89 13.5445.11 6.37+3.27
S4 14.99-40.19 12.30+6.58 8.66+3.07 2.11+3.01
S5 2.28-40.08 5.71+6.10 3.43+2.19 0.57+1.94
HR IR 2 K Sl 82.58+1.22 90.33+7.44 87.64+13.50 82.6948.70
Relative shoot length/ % S2 49.7140.70 64.89+12.85 43.32411.73 38.144+9.70
S3 23.34+0.32 29.09+9.78 14.06+7.01 15.4948.33
S4 11.08-+0.11 13.65-+23.86 5.80+3.68 3.93+5.73
S5 3.39+0.12 3.58+3.54 0.62+1.20 0.49+1.55
AR K 2% S1 114.49+1.04 94.34+6.65 93.754+10.07 88.34+14.69
Relative germination rate/ % S2 114.48+1.05 95.054+17.51 76.02+17.57 55.76+18.43
S3 76.86+0.24 67.29414.17 28.35+13.78 17.67+10.10
sS4 39.15+0.15 21.49+12.37 6.8845.53 2.274+4.75
S5 1.45+0.12 3.3244.03 0.3240.71 0.25+1.02
AR K 2 4 S1 127.15+1.93 83.22+26.22 104.91+45.31 48.42+18.81
Relative germination energy/ %6 S2 122.001.47 69.14+19.31 46.17+£22.45 13.87412.52
S3 72.84+1.07 33.06417.62 11.88+11.32 2.23+4.31
S4 37.27+0.81 8.82-9.06 1.8242.74 0.88+3.84
S5 1.6740.32 0.47+0.71 0 0.24+1.18
HAXT % 254 K S1 121.3242.31 92.19+9.05 93.71+7.12 80.254+15.51
Relative germination index/ %5 S2 116.82-1.81 90.70422.49 62.79+13.36 41.13+13.50
S3 75.96+0.93 51.47+11.90 20.92+11.14 10.55+5.72
S4 38.42+0.38 14.34+10.12 4.61+3.82 1.57+4.12
S5 1.4940.16 1.764+2.05 0.08+0.19 0.23+1.07
A XS 7 45 % Sl 100.17+1.44 83.25410.67 81.99+13.33 66.89+16.58
Relative vigor index/ % S2 58.07+0.96 60.22427.38 27.90+11.94 15.8546.87
S3 17.7140.29 15.30+6.66 3.37+2.50 1.724+1.45
S4 4.2240.09 2.2241.99 0.2740.27 0.15+0.44
S5 0.05+0.02 0.12+0.17 0 0.02-0.08

R4 SRS UBEEHRPEWEEERT SN

Table 4 Principal component analysis of salt tolerance during germination of 50 Lolium multiflorum germplasms

ST TR
-+ 7 == k527
R D %T.{I*E . mﬁkz Accumulated # far A7 Factor loading
Eigen Contribution S
Index ol ate) Y contribution
vaiue rate/ 7 rate/ % ARRL ARSL ARGR  ARGP  ARGI ARVI
#— E 5 PC, 4.381 73.01 73.01 0.190 0.178 0.211 0.152 0.218 0.213

9 ERU PC, 0.835 13.92 86.93 —0.119 —0.652 0.034 0.817 0.226 —0.195
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Table 5 Comprehensive evaluation values (D-values) of Lolium multiflorum under salt stress

1k £k LA $R A Comprehensive index value S & PR A Membership function value D& HEF

Material Ploidy F1 F2 pl 12 D value Rank
PI 238886 2x 0.294 —0.026 0.222 0.306 0.235 31
PI 255172 2x 0.272 —0.076 0.166 0.227 0.176 38
PI 266111 2x 0.298 —0.047 0.232 0.273 0.238 29
PI272119 2x 0.210 —0.106 0.010 0.180 0.037 50
PI 283610 2x 0.260 —0.142 0.136 0.121 0.133 41
PI 283612 2x 0.457 —0.084 0.635 0.214 0.568 9
PI 343155 2x 0.254 —0.136 0.122 0.132 0.124 43
PI 420020 2x 0.295 —0.105 0.225 0.180 0.218 34
P1 478508 2x 0.264 —0.123 0.146 0.152 0.147 39
PI 517948 2x 0.320 —0.186 0.287 0.051 0.249 28
PI 537260 2x 0.328 —0.168 0.307 0.080 0.271 27
PI 577241 2x 0.290 —0.165 0.212 0.085 0.191 36
P1596625 2x 0.487 —0.196 0.710 0.035 0.602 7
PI 598939 2x 0.306 —0.161 0.253 0.091 0.227 32
PI 619470 2x 0.289 —0.065 0.209 0.245 0.215 35
PI 619472 2x 0.233 —0.105 0.068 0.181 0.086 45
PI1 619473 2x 0.280 —0.096 0.187 0.194 0.188 37
P1 632537 2x 0.228 —0.218 0.054 0.000 0.046 49
PI 634251 2x 0.255 —0.124 0.125 0.151 0.129 42
PI 636508 2x 0.316 —0.200 0.278 0.028 0.238 30
PI 648355 2x 0.251 —0.027 0.114 0.306 0.144 40
W6 9271 2x 0.284 —0.002 0.197 0.344 0.220 33
PI 636509 2x 0.348 0.035 0.358 0.404 0.365 20
PI 578751 4x 0.226 —0.021 0.049 0.314 0.092 44
PI 600748 4x 0.309 0.003 0.260 0.354 0.275 26
P1611146 4x 0.363 —0.020 0.396 0.317 0.384 18
PI1619468 4x 0.228 —0.121 0.055 0.154 0.070 46
PI 619469 4x 0.602 0.300 1.000 0.827 0.972 1
B {11 42 4x 0.214 —0.075 0.019 0.228 0.053 47
By 744 4x 0.396 0.012 0.481 0.367 0.462 13
i 4x 0.394 0.060 0.474 0.444 0.469 12
LA 4x 0.352 —0.031 0.368 0.299 0.357 22
o 4x 0.512 0.023 0.773 0.385 0.711 4
415 4x 0.488 —0.040 0.713 0.284 0.644 6
B 35 4x 0.525 0.123 0.806 0.544 0.764 3
ik 15 4x 0.339 0.050 0.336 0.428 0.351 23
Bl 5 4x 0.367 0.034 0.408 0.403 0.407 16
AR 4x 0.206 —0.034 —0.001 0.293 0.046 48
7N 4x 0.478 0.063 0.686 0.450 0.648 5
WK 4x 0.407 0.023 0.507 0.385 0.488 11
% 4x 0.345 —0.105 0.350 0.180 0.323 25
R A A 4x 0.379 0.103 0.436 0.513 0.448 15
A 4x 0.358 0.009 0.385 0.362 0.381 19
P 4x 0.290 0.408 0.211 1.000 0.338 24
B 4x 0.357 —0.058 0.381 0.255 0.361 21
R I 4x 0.362 0.072 0.393 0.464 0.405 17
KLz 4x 0.402 —0.038 0.495 0.288 0.462 14
Hifi T 4x 0.562 0.160 0.900 0.604 0.853 2
JI 15 4x 0.443 —0.015 0.598 0.324 0.554 10
929-3 4x 0.445 0.061 0.604 0.446 0.579 8
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Table 6 Correlation analysis of salt resistance indicators of 50 Lolium multiflorum germplasms

1645 Index ARRL ARSL ARGR ARGP ARGI ARVI D1 D value
ARRL 1
ARSL 0.678" 1
ARGR 0.715™ 0.627" 1
ARGP 0.498™ 0.234 0.537" 1
ARGI 0.706™ 0.601" 0.947" 0.706™ 1
ARVI 0.661" 0.824™ 0.845" 0.515" 0.876" 1
D1 D value 0.774" 0.642" 0.901" 0.813" 0.967" 0.874™ 1

o FORAE P<0. 01 B 22 57 i 2%
Note: ** Indicates a significant difference at P<<0. 01

2.3 BESW

MR Eh 25 A PEME (D ED , KRR I B iy
2 B) R AT RIS AT . SRR AR R IR R B
13,54, 50 B3 B RL AT LL 43 SR U2 55 T2 Jhy s 6 64kt
14y *PL 619469 ;55 11250 &4 T #4835 " A
IRl A b AR ER AR O 4y, DB VR Bl 0. 554~
0.853; %5 126 Ky Ff " W3 " FN“ BR ik 1455 G rh 4%
AR BEURABE 154y, DA S Fl O 0. 323~0. 488545 TV
4135 PI 3431557 “PI 6342517 F1 “ PI 283610 45 &h
HUBATRL 2543 , DIEME A 0. 037~0. 275(& 2)
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Sk B AS T) 5 P 1) 22 40 A 32 5 A9 T 3k 22
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[ f5 e 2 A0 B AR K 2R KR 6 -l 2 4R Fn 1
FHXT S50 A8 Ak 22 5 (8 3D o

1E 5k d 13 %P1 596625° i RGR, RGI #ll
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272119 WA XF K& 28 38 AH X & 28 48 BORAR X 16 )
8 BOME B A%, M 0.242,0.204 F10.11; 19 5 “PI
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Fig.2 Cluster analysis of 50 Lolium multiflorum popula-
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Fig. 3 Root length and shoot length of different ploidy Lolium multiflorum under salt stress
TE  ANF/NE B R IRAE 0. 05 /K- 28 57 1 35
Note: Different lowercases indicated significant differences at 0. 05 level
76 10 A% 1k L 28 5 P 6194697 9 RGR, B4 Kk A9 ML Kt 249 1% F X5 B8 20 5 0O %5 44 b4 okt < PI
RGE, RGI #l RVI B {8 #&% & , 45 7 & 0.693, 619469 M~ 5 el D 5 KL kb 0. 20 g

0.722,0.708 A1 0. 361533 5 * FP i * ) A X ik 2 1 %7 HEASHEEBTEHRLRY
o, o 0.435;48 5 “Hhi A T B9 AH X IR AR K A Table 7 Average salt tolerance coefficient of diploid Lolium
0, o8 0,377, 3845 ANHE Y AH X IR ZE R AR X multiflorum
K 5 AR B R, 210,215 01935 25 %5 “ Pl H*j‘%% ARRL ARSL ARGR ARGP ARGI ARVI
600748 9 4 Xf I 1 K & £ (0.142) ;24 5 *P1 Pl\f;egr;:(s 0.136 0.234 0411 0.188 0.338 0.179
ST8TSL 1y AH XS 1 71 48 B A L CO. 08405 27 %5 * P1 PI 255172 0.180 0.286 0.309 0.164 0.271 0.179
619468 i Al X & 2F # B I (0. 083) ;44 5 * FE & P1266111 0.227 0.289 0.339 0.206 0.276 0.191
09K N R AR AR (0.179) (£ 8) . LI |45 H % PI 272119 0.172  0.246 0.242  0.100 0.204 0.110
B U4 A b L o B ¢ PT 619469 1 &6 75 T Tif £ P1 283610 0.162 0.268 0.351 0.074 0.287 0.159
PR ST AR AR 6 BT £ b A Xt P1 283612 0.241 0484 0513 0.306 0.444 0.350
’ AN TR . PI 343155 0.219 0.274 0.310 0.080 0.232 0.170
B PI 420020 0.184 0.267 0.403 0.115 0.315 0.197
R RS PE W % 45 7 A X 2807 ¥ (6 32 0 . 76 £ PI 478508 0.253 0.325 0.261 0.148 0.227 0.148
WSt T DU R T % e T 4 (4 5 T — A (32 7, P1 517948 0.242  0.304 0.438 0.055 0.341 0.213
] - PI 537260 0.225 0.374 0.428 0.126 0.306 0.200
R 8o AWEEWBEML T, A 2 AL R 7L PI 577241 0.197 0.333 0.359 0.083 0.273 0.215
W MZFRK 5 2R (P<0.05, HF A PI 596625 0.230 0.453 0.627 0.133 0.532 0.444
Eh e E B ER 2 TR [ B AT — Eh vk i b 3 P1 598939 0.227 0.323 0.400 0.095 0.300 0.196
- b L 4R e — f2r . PI 619470 0.131 0.285 0.347 0.167 0.312 0.221
P 1A mjf 5 %kﬂ] F AR CE ) PI 619472 0.176 0.262 0.272 0.107 0.221 0.149
M, D A o B 0T — A PI 619473 0.177 0.273 0.367 0.129 0.287 0.182
PI 632537 0.205 0.316 0.276 0.017 0.205 0.128
2.5 (RIS EEA gL E S e = B PI 634251 0.185 0.318 0.282 0.126 0.228 0.167
o 19 1 g PI 636508 0.253 0.402 0.306 0.100 0.290 0.251
PI 648355 0.154 0.238 0.298 0.188 0.260 0.150
H 5 300 T 3 Ak T AT B DU A AR A i i 52 b W6 9271 0.147 0.213 0.447 0.200 0.291 0.143
Bl R PL 619469 F — 5 1K # v B = B B ok P PI 636509 0.192 0.304 0.391 0.324 0.367 0.218
272119° . FH 150 mmol-L ! NaCl Ji 3 &b B ( JG LN 0.253  0.484 0.627 0.324 0.532 0.444
NaCl oy B BORAN SR 2 BRI B g oust 0s1s 02m 0017 0208 0110
mORK EYESSIRUGER, BAAHANKRE Minimum value
MR RS TARY, —A kAR PI Avii1ilue 0.196 0.307 0.364 0.140 0.296 0.198
272119 BRI A B/, O 0. 33 e [ A 1R B R P 0.037 0.067 0.090 0.073 0.076 0.072

‘PI 2721197 B9 4k B4 A AR K T 0F B2 2 4h , HoAy Standard deviation
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Table 8 Average salt tolerance coefficient of tetraploid

Lolium multiflorum

*fﬁfﬁ ARRL ARSL ARGR ARGP ARGI ARVI
PI1578751 0.146  0.241 0.263 0.209 0.232 0.084
PI1 600748 0.142 0.264 0.335 0.250 0.371 0.216
PI1 611146 0.263 0.344 0.381 0.293 0.356 0.234
PI 619468 0.172 0.263 0.263 0.083 0.215 0.157
PI 619469 0.295 0.340 0.693 0.722 0.708 0.361
(R (EEG 0.157 0.225 0.267 0.119 0.211 0.113
o] 72 4 0.256  0.374 0.398 0.340 0.376 0.300
o 0.220 0.312 0.447 0.362 0.417 0.267
B 0.292 0.273 0.414 0.234 0.367 0.213
Ex187 0.339  0.435 0.585 0.436 0.520 0.320
Jige 1% 0.370 0.392 0.613 0.328 0.492 0.294
i 345 0.337 0.365 0.604 0.517 0.574 0.310
k1S 0.172 0.268 0.421 0.315 0.368 0.199
il 0.215 0.285 0.447 0.317 0.401 0.220
AN 0.143 0.215 0.242 0.155 0.193 0.112
AL 0.327 0.363 0.544 0.429 0.498 0.299
KA 0.260 0.340 0.474 0.344 0.411 0.262
LR 0.254 0.335 0.442 0.175 0.327 0.217
AR A A 0.269 0.230 0.480 0.380 0.418 0.177
e 0.271 0.266 0.436 0.274 0.372 0.214
R 0.143 0.218 0.179 0.700 0.225 0.146
H) 7 0.252  0.343  0.405 0.234 0.338 0.251
I 0.238 0.317 0.384 0.370 0.327 0.244
Ktz s 0.345 0.335  0.462 0.279 0.394 0.244
Hifi T 0.377 0.392 0.638 0.579 0.577 0.347
N 15 0.371 0.392 0.495 0.361 0.420 0.246
929—3 0.344 0.352 0.449 0.416 0.451 0.289
I KAH 0.377 0.435 0.693 0.722 0.708 0.361
Maximum value
e /ME 0.142 0.215 0.179 0.083 0.193 0.084
Minimum value
FE{H 0.258 0.314 0.436 0.342 0.391 0.235
Average value
FrifE 2 0.077 0.061 0.127 0.155 0.121 0.071

Standard deviation
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vy e R Y 22 48 B A R AR A T AR AR bR, A5 OR 3R
B« 5 1 30 Ak BT 1 Aol Al g s DA 7R 22 46 PR R

AHXS 7K B ) T B A DR A PT 619469 Y 22
SN W, CPL 272119 2 7 8 % (K 4a) , ‘Pl
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Table 9  Growth indicators of extreme genotype Lolium multiflorum under salt stress

K4 Bk Material -~ 4341 Group #k i Plant height/cm #24< Root length/cm i |- 8 Aboveground weight/g 1 F & Underground weight/g

PI 619469 (4x) CK 36.41+41.01° 25.7240.62° 1.8040.03¢ 0.4540.01"
T 34.44+1.36° 24.7040.90° 1.03+0.09¢ 0.2540.01"
PI1272119 (2x) CK 42.52+1.46" 21.68+2.02 1.1440.02¢ 0.37+0.01°
T 42.1940.83" 30.24+2.86" 0.6740.01° 0.2440.01¢

TE: CK SRR AR4L, T 3278 150 mmol - L' NaClpift 4b BLAL ; 7] ) A [l /NG 53R A1 0. 05 K122 53k 2%
Note: CK indicates control group and T indicates 150 mmol-1.”! NaCl stress treatment group. Different lowercases in the same column indi-

cated significant differences at 0. 05 level
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Fig.4 Physiological indicators of extreme genotype Lolium multiflorum under salt stress
T CK R X AL, T 2% 150 mmol-L ! NaClFpf 4k B s AS [l /NG T B 3R 7E 0. 057K - 22 5 ik 3%

Note: CK indicates control group and T indicates 150 mmol+L. "' NaCl stress treatment group, Different lowercases indicated significant differences

at 0. 05 level
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