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Drought resistance evaluation of 23 ryegrass
germplasms at germination stage
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Abstract: To explore the drought resistance ability of different ploidy ryegrass ( Lolium multiflorum) and
screen excellent germplasm resources, 23 ryegrass germplasms were used to evaluate drought resistance during seed
germination under PEG-6000 simulated drought conditions in this study. Six indexes, such as relative root length,
relative shoot length, and relative germination rate were measured. The drought tolerance of ryegrass was compre-
hensively evaluated by membership function analysis, principal component analysis and cluster analysis. The results
showed that the root length and shoot length of tetraploid ryegrass were 1.79 times and 1.26 times higher than that of
diploid ryegrass under drought treatment, respectively. Principal component analysis showed that vigor index and
root length were the main components of germination factor and root growth factor, respectively, and the loading ca-
pacity was 0.924 and 0.743, respectively. The D value of 23 materials ranged from 0.117 to 0.946, among which
the D value of PI 238886 was the lowest while that of PI 343155 was the highest. Five tetraploid drought resistant
materials (PI 343155, Tetragold, 929-3, Chuannong No.1, PI 619469) and five diploid drought resistant materi-
als (PI1 266111, PI 283610, PI 619471, PI 634251, W6 9271) were selected by cluster analysis. Nine medium
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and 4 drought sensitive materials were also identified in this study.

Keywords: ryegrass; Lolium multiflorum; germination stage; drought resistance evaluation; PEG-6000
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Table 1 Materials used in this study
%% No. FELRS Accession No. 15k Ploidy SKUR Origin MR Type
1 PI 238886 2x 1 France FFl ev. Rita
2 PI 255172 2x 2% Poland SR ev. Skzeszowicki
3 PI 266111 2x JERER Uruguay A ev. LA Estanzula
4 PI 272119 2x 2% Poland AP cv. Westarwoldicum Jasicki
5 PI 283610 2x it Sweden AKHNZEA Unknown
6 PI 478508 2x JEJRZ /R Ecuador 5 5P Landrace
7 PI 517948 2x K U.S.A SRR cv. Tift 86
8 PI 598939 2x =Nl Traly B4 K8 Wild material
9 PI 619471 2x 5 France faff ev. Fastyl
10 PI 619472 2x [ France EaF cv. Energyl
11 PI 619473 2x [ France FFf cv. Vertyl
12 PI 634251 2x 2 U.S.A FHNZEH Unknown
13 PI 648355 2x AR Unknown KHNZEH Unknown
14 W, 9271 2x L Bt Belgium By k8 Wild material
15 PI 343155 4x B Egypt AHNZEA Unknown
16 PI 619469 4x 15 France Al cv. Idyl
17 H5 Jumbo 4x H 44 H BARENBRUG 513k Introduced varieties
18 e Tetragold 4x 44 H BARENBRUG S E S Introduced varieties
19 i51F % Double Barrel 4x PR 7/ 7\ DLF-TRIFOLIUM 5k A Introduced varieties
20 FRf% Abundant 4x FHAFI 2y B DLF-TRIFOLIUM 5k @A Introduced varieties
21 Jnge 15 Chuannong No. 1 4x pu gl K2 Sichuan Agricultural University B AP Bred varieties
22 Jil4Al 1 5 Chuansi No.1 4x Pu gl K2 Sichuan Agricultural University Fiih % New line
23 929-3 4x PO gl K2 Sichuan Agricultural University i % New line




52 1Y /D45 .23 )y 248 B W R BT SR E VA 3
1.2 XA P,
W, = (=12, ,n) (3)

BEE 5 PR IE 1) PEG ¥ (3% ,6% ,9% ,
12% ,15% ) % 23 {n Z fb 22 Bt A7 T 08, ik
BURFRE 396 1 R 1 15% A9 NaClO JH 7% 5 min,
FRAK sk 5 Uk, PRk 30 KRR T P2 g 4K
PIEEFEIL K 3 ml ARV BE Y PEG 51 X 7818
K(CK)EARE SRS, B0 3 EE, fHs
FRMLJR T (TR A 22°C O REJE W 16 h - d7)
ik 3 8 d, B K Ah 78 W DA 4 5 K S A X
fase!™
1.3 MEEHRR A X

RERGEVHF T 00 K1 DL, DARR 254K B 38 21
TFRIEM—F (2 0.5 em) VERH EbriE, 6 8 K
R LSRG B AR PR H 10 BRK A —B 2T
HF 0 %2 IR AR < RL ( Root length ) Fl IR 2 K SL
(Shoot length) , HAl R bR LU R AZGTE

N IEEPNE R

TR COR) = ™ 4
54 REZFFFEL

T4k

REARBL(C) = Y, (gj x 100%

5 A8 VI) = GIxS

‘ . PEG Jirift T i 5 (5
AERA(DO)= ﬁé%%ﬁgg{
K, GO ¢ B R ZEEL, D, i A R 19 A& 2F B
[E],S MR, ATHBRAS FR B Z 18 10 22 55, T
BRABOCK E R & A F5 b5, W1 RRL ( Relative root
length ) A IR AUHT 2 R AL

1.4 HUELER S

141 A F b S

o 1 n
Xj:;;Xij (1)

X, BRI PEG W F b 7R B, X 4 T Hyh
P ZH, ARRL( Average relative root length ) A-F-Y44H
XF AR ,ARSL( Average relative shoot length) “A~F-1%
AXTIR ZE K , ARGR ( Average relative germination rate )
S YR X Kk ZE R, ARGE ( Average relative
germination energy ) A V-YAHXT & 285 ARGI ( Average
relative germination index ) A~F-YA A X & 248 50, ARVI
( Average relative vigor index ) AEYAFXTIE J1FEEL,

F(X)=ay - X, +ay - Xy + -

ta; X, (k=1,2,-,n) (2)

FOX) S5 R BRI A a, 94 T, X,

REA TR SR AL S 1

x100%

KFR(GE) = x100%

Pj
=1
W, R | NSRRI, P, R
BrIEE j IME PRI ER G DT
<Xi - Ximin)
) (szax = Xiwin) )
w NEES AR E R, X, AR L DS
TEPRA R/ IMEL, X, AR © DR S TRPR RO

~

o’

D:Zmunxm]o=Lme (5)
D {H AR b 22 46 B2 BB R Be )1 45 50T
VNI
1.4.2  #H¥ELAE B EXCEL 8 #r, A H
SPSS 26.0 AT A &M 4341 | 32 053 o3 BT AR S
H7, Origin 2019b HE4T2: 5], TBrools #1721

2 EERE5HT

21 FEBEMNARFEESEEZERKMIFK
epA!

TR RN R A 22 A B A A AR 2
KILE 1, MRKRE , A5 5K TE 6% PEG
AbFRRT 5 XF R (CK) 25 5 W3, Jf 8 B0 i 3 1 5 B
i PEG AbFEHCRE (9% 12% 1 15% ) 4 5 , B HR
IR 2 TR (P<0.05) , H PUAS A B AR # BH 5 m
TG A, 3R B0 R B AR )T A A (
la) , #RIM,3% PEG AbFH A PUARHAHE K 450 B 2 30
ARG b Tk 3 (0 22 0N B 3 38 IRV B 1
PEG AbHET] LU HF 240 A7 HARI A K (] 1a)

MZFRKF , AR A IATE 6% PEG AbBRAT
Lo R 30 25 R 5 (P<0.05) | i 25 Ab TRk B il 45
SRR R R R, ELE 4 2 KRR T A A
FEU A5 L DUAE AR T R AR (K 1b) .

22 FEBETEZHEZESEREXNEMEY

MERH

TE 3% M 6% PEG AFET |23 fiy 22 {6 B A4 B bR
AR IRAR G AHXT IR 2 A X & 2R R A & 2
AN K ZEFE B AR X6 F1 4850 6 W8 bR b bF
WK, MiE PEG WREE A m X 20 B
A K B IIR AS A S & FE 9% 12% F11 15% PEG
SEFETR 6 AR bR Z H] # A7 5 25 22 7 (P<0.01)
(Kl 2a~ K 2f)

MARXTIRAR K&, 76 PEG Bl T, U5 iR £ 48
PRI B AE O AR 8 i s T AR R} L e
15% PEG 4R, PI 343155 HYMM IRAR K e 5,



4 TR AL BT

o540 %

0.509, HUJE IR 15, M X IR AR O 0.423 (&
2a) o fET A T, R 2 08 AR A A ORI
FEZ K FISR AT, T DU A A A A [ e FE Ak 2
AR B B A AR I, 2 T U A (A ) S A R
TR R

AAREIR 2 AR B AR a3, 7E 15% PEG

127

AEFRT PO KA R P 343155 4575 Al P1 619469 3%
A R R 2 3R BT R e 0 R e AR
(F2b),

DU AL RE PL 343155 P 619469 FilJI| 4% 1 57
15% PEG LR BARRT K ZE 3 ARXS & 2 ORIAR X
T IR BRI , R HA 1 e (] 2d ~ 51 2f)

8

(a)

Rl
[=)}

w
S

K Root length/cm
(=)

% K Shoot length/cm
~

0(CK) 3 6 9 12 15
PEGAL # ¥ &£ PEG concentration/%
O — fi% ¥ Diploid
AN INE TR SRR A B B AN (8] 25 5 i 25 (P<0.05) .

Note : Different lowercase letters indicate that there are significant differences between treatment concentration and ploidy ( P<

0(CK) 3 6 9 12 15
PEGAL # ¢ &£ PEG concentration/%
B U fi5 {& Tetraploid

0.05).
R - e
E1 FEBETAREESHEEZEMNRIK(A)FAZFK(B)
Fig.1 Root length (A) and shoot length (B) of different ploidy of Lolium multiflorum under drought stress
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Fig.2 Relative values of growth indexes of 23 populations of Lolium multiflorum at germination stage
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Table 2 Average drought resistance coefficient of
23 populations of Lolium multiflorum

MH%% ARRL ARSL ARGR ARGE ARGI ARVI
Material
A% Diploid

PI 238886 0.535 0.623 0.697 0461 0.551 0.388
PI 255172 0.533 0.699 0.826 0.543 0.656 0.394
PI 266111 0.650 0.728 0.720 0.549 0.610 0.487
PI 272119 0.570 0.663 0.658 0.521 0.568 0.455
PI 283610 0.538 0.719 0.600 0.800 0.760 0.511
PT 478508 0.557 0596 0.717 0.581 0.566 0.435
PI 517948 0.600 0.626 0.584 0541 0484 0.388
PI 598939 0.599 0.725 0.733 0497 0.592 0.399
PI 619471 0.616 0.744 0.754 0.684 0.709 0.522
PI 619472 0.574 0.666 0.771 0520 0.541 0.393
PI 619473 0466 0.628 0.750 0447 0.608 0418
PI 634251 0.683 0.738 0.789 0.656 0.601 0.499
PI 648355 0.540 0.653 0.655 0573 0.562 0.365
We 9271 0.547 0742 0.763 0.809 0.676 0.458

KA Maximum 0.683 0.744 0.826 0.809 0.760 0.522
#5/IME Minimum 0466 059 0.584 0.447 0484 0.365

SEHAME Average 0.572 0.682 0716 0584 0.606 0437
brifEZ SD 0.055 0052 0070 0.113 0.073 0.052
UZERTN Tetraploid

PI 343155 0.766 0858 0.826 0.721 0.717 0.608

PI 619469 0.654 0766 0.888 0.747 0.756 0.560
5 Jumbo 0.624 0.691 0.623 0447 0.601 0476
¥ Tetragold 0776 0741 0812 0.691 0.675 0.581
&A% Double Barrel 0663 0.600 0741 0443 0534 0416
F4# Abundant 0.721 0687 0.667 0474 0554 0.460

JII4 15 Chuannong No.1 0711  0.754 0.837 0738 0728 0.536
JIIfE] 1 %5 Chuansi No.1 ~ 0.650 0.666 0.661 0.619 0.560 0.403

929-3 0.785 0771 0773 0.756 0.635 0.559
KA Maximum 0.785 0.858 0.888 0.756 0.756 0.608
$t/IMA Minimum 0.624 0600 0.623 0443 0534 0403
S Average 0.706 0.726 0759 0.626 0.640 0.511

FrifE2E SD 0.061 0.075 0.091 0.135 0.083 0074
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Table 3 Correlation analysis of drought resistance indexes between diploid and tetraploid ryegrass

i H Item ARRL ARSL ARGR ARGE ARGI ARVI D {E D value
ARRL 1.000 0.513 0.092 0.176 -0.09 0.452 0.576"
ARSL 0.600 1.000 0.348 0.599 0.673" " 0.628 " 0.897"*
ARGR 0.418 0.626 1.000 -0.072 0.192 0.056 0.334
ARGE 0.541 0.784 " 0.791" 1.000 0.716 " * 0.653 " 0.758 " *
ARGI 0.299 0.820" * 0.852" " 0.813" " 1.000 0.687 " * 0.722" "
ARVI 0.675" 0912~ 0.751" 0.758 0.853" * 1.000 0.847"

D {8 D value 0.710 " * 0.916" * 0.835" " 0.902 " * 0.872"* 0.953" * 1.000

DL 1.000 A5 A7 EEME A AT AAH OGN , 28 N EE A DURT AR DG, * 7R TE P<0.05 B 2253 B35 5 « « FURTE P<0.01 Bf 2253 W3

Note; Taking 1.000 as the boundary, the upper right value is diploid correlation, and the lower left value is tetraploid correlation. * means signifi-

cant at P< 0.05, * * means significant at P<0.01, respectively.
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Table 4  Principal component analysisof drought resistance of 23 populations of Lolium multiflorum at germination stage

ity FRIEAR TTERR/ % it orEk®/ % T8 Factor loading
Idex Eigen value  Contribution rate Accumulated contribution rate ARRL ARSL ARGR ARGE ARGI ARVI
F—E W5 PCL 3.944 65.73 65.730 0.647 0.918 0.661 0.815 0.852 0.924
RS PC2 0.888 14.80 80.530 0.743 0.034 -0.032 -0.319 -0.451 0.166
RS BHEHBZENDE
Table 5 D value of 23 populations of Lolium multiflorum
LEA R SR R AU
*Z*‘#Zﬁ( E'E@ Comprehensive index value Membership function value D i Hy
Material Ploidy D vlue Rank
F, My Mo

PI 343155 4x 1.807 0.127 1.000 0.708 0.946 1

929-3 4x 1.712 0.160 0.816 0.803 0.814 2

H# 7 Tetragold 4x 1.709 0.157 0.809 0.796 0.807 3

PI 619469 4x 1.754 -0.003 0.897 0.328 0.792 4

JII4¢ 1 5 Chuannong No.1 4x 1.723 0.055 0.838 0.497 0.775 5

PI 619471 2x 1.623 0.008 0.645 0.358 0.592 6

PI 634251 2x 1.585 0.117 0.572 0.677 0.591 7

We 9271 2x 1.610 -0.085 0.619 0.087 0.521 8

PT 283610 2x 1.599 -0.115 0.598 0.000 0.488 9

PI 266111 2x 1.501 0.122 0.410 0.693 0.462 10

4% Abundant 4x 1.420 0.227 0.253 1.000 0.391 11

JII 1 %5 Chuansi No.1 4x 1.421 0.108 0.255 0.651 0.328 12

PI 255172 2x 1.459 -0.010 0.328 0.305 0.324 13

PI 598939 2x 1.418 0.092 0.248 0.605 0.314 14

£IFE Jumbo 4x 1.393 0.140 0.200 0.747 0.300 15

P1272119 2x 1.380 0.083 0.175 0.579 0.250 16

PI 619472 2x 1.380 0.085 0.175 0.584 0.250 17

i51A % Double Barrel 4x 1.344 0.187 0.106 0.885 0.249 18

PI 478508 2x 1.379 0.045 0.174 0.468 0.228 19

PI 648355 2x 1.342 0.029 0.102 0.420 0.161 20

PI 517948 2x 1.289 0.129 0.000 0.714 0.131 21

PI 619473 2x 1.330 -0.004 0.080 0.323 0.124 22

PT 238886 2x 1.300 0.069 0.022 0.539 0.117 23
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Fig.3 D value cluster analysis of 23 populations

of Lolium multiflorum
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