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Effects of simulated drought stress with PEG-6000 on seed germination and

seedling growth of three species of forage grasses
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Abstract: Drought is a significant abiotic stress that severely impacts seed germination and seedling growth. In this study,
PEG-6000 was employed to simulate drought stress conditions, and the effects of various concentrations of PEG-6000 (0%,
5%, 10%, 15%, 20% ) on the germination rate, germinating potential, relative germination rate, relative germinating
potential , germination index, stress index, vitality index, drought resistance coefficient and germination coefficient of
Festuca arundinacea, Ryegrass, and Lyme grass seeds were investigated. The seedling fresh weight, root fresh weight, plant
height, H,0, content, O, content, catalase (CAT) activity, superoxide dismutase (SOD) activity, chlorophyll a content
and chlorophyll b content of three species of forage grasses seedlings under different drought stress conditions were

measured. In this study, correlation and principal component analysis were conducted on each index. The factor loadings
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and contribution rates of each comprehensive index were statistically analyzed. The principal component comprehensive
evaluation value of each comprehensive index of three species of forage grasses under PEG-6000 treatment at different
concentrations, and the critical threshold of drought tolerance of each index to PEG-6000 concentration were calculated. The
drought resistance and drought tolerance of three species of forage grasses were comprehensively evaluated. The
comprehensive analysis of drought tolerance critical values and the evaluation of drought resistance indicated that the drought
resistance of the three species of forage grasses was ranked as Festuca arundinacea > Ryegrass > Lyme grass, in descending

order. This research is of great significance for the identification and screening of drought-resistant grass species.

Key Words: drought stress; seed germination; seedling growth; drought resistance evaluation; physiological and

biochemical mechanisms
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Fig.1 Effects of simulated drought stress with different concentrations of PEG-6000 on germination rate, germination potential, relative

germination rate and relative germination potential of Festuca arundinacea, Ryegrass, and Lyme grass
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Fig.2 Effects of simulated drought stress with different concentrations of PEG-6000 on vitality index, germination index, stress index and

drought resistance coefficient of Festuca arundinacea, Ryegrass, and Lyme grass
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Fig.3 Effects of simulated drought stress with different concentrations of PEG-6000 on germination time of Festuca arundinacea, Ryegrass,

and Lyme grass
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Fig.4 Effects of simulated drought stress with different concentrations of PEG-6000 on H, O, concentration, O; concentration, CAT

activity and SOD activity of Festuca arundinacea, Ryegrass, and Lyme grass seedlings
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Fig.5 Effects of simulated drought stress with different concentrations of PEG-6000 on seedling fresh weight, root fresh weight, plant

height and chlorophyll concentration of Festuca arundinacea, Ryegrass, and Lyme grass seedlings

Tl = AT A BP0, NG TR R TR — R AN [ A 3 i) 22 S .2 (P<0.05)

F1 PEG-6000 #il T 2B THEF BREEMEHEEMNH R LG FEFMRRE
Table 1 The critical values and limits of drought tolerance of Festuca arundinacea, Ryegrass, and Lyme grass seedlings under simulated

drought stress with PEG-6000

FabR R Festuca arundinacea RFE R Ryegrass PO Lyme grass
Index D, Dso D, Dso D, Dso
% ZEF Germination rate 25.1% 11.7% 22.0% 7.4% 19.1% 8.7%
K EHE4L Germination index 23.0% 11.6% 20.6% 11.7% 18.2% 8.3%
T F1FEL Vitality index 18.5% 8.9% 18.5% 10.4% 16.5% 7.3%
18 F8 5K Stress index 22.9% 14.4% 20.0% 12.7% 19.7% 12.5%
W] % Z$L Germination coefficient 27.4% 14.2% 20.4% 11.8% 19.0% 10.8%
HiF A% Drought resistance factor 26.3% 17.0% 19.8% 13.0% 18.6% 11.8%
K ZF# Germination potential 24.9% 13.1% 21.2% 12.5% 19.2% 8.8%
AHXT % ZF % Relative germination rate 24.2% 15.1% 21.2% 13.8% 21.0% 13.2%
AHXT % 244 Relative germination potential 24.0% 14.8% 20.5% 13.4% 21.0% 13.2%
4% 2% a WeJ¥ Chlorophyll a concentration 31.5% 16.4% 26.3% 13.4% 73.0% 36.8%
42 b #E Chlorophyll b concentration 32.7% 16.1% 35.0% 18.3% 27.4% 15.5%
SFEHIME Average value 25.5% 13.9% 22.3% 12.6% 24.8% 13.4%
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Fig.6 Correlation analysis among indicators of Festuca arundinacea, Ryegrass, and Lyme grass

*2 BHEAERVETFLFTERTSE
Table 2 Factor load and contribution rates of each comprehensive index

F8Fr 1 far i Index load c 1 cl c I

K 23 Germination rate 0.085 -0.031 -0.044
% ZE4E 4L Germination index 0.084 -0.051 -0.076
Jilh 38 F8 5K Stress index 0.040 0.249 0.053
% J1#5 %X Vitality index 0.080 -0.062 -0.063
Wi & Z %L Germination coefficient 0.077 0.012 0.028
Hi 5 Z %L Drought resistance factor 0.034 0.246 0.106
& 2% Germination potential 0.085 -0.032 -0.028
X} %K 2E % Relative germination rate 0.036 0.257 0.013
FHXF & 2F # Relative germination potential 0.037 0.254 0.029
Hi it 5 Seedling fresh weight 0.083 -0.044 0.096
HRAETE Root fresh weight 0.084 -0.015 0.066
KRG Plant height 0.085 -0.003 0.015
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FRPR 1 faf i Index load cI cI c I

432 a VR Chlorophyll a concentration 0.047 -0.090 0.382
42 b ¥ Chlorophyll b concentration 0.074 -0.056 0.117
SOD {1 SOD activity -0.039 0.078 -0.471
H, 0, % H,0, concentration -0.073 0.032 0.307
0; #J¥ 03 concentration -0.077 0.039 0.234
CAT 11k CAT activity -0.076 0.023 0.152
DTk Contribution rate/% 64.082 19.542 9.323

R3 BEF EREENEEENREEESEITENE

Table 3 Comprehensive evaluation values of drought resistance of Festuca arundinacea, Ryegrass, and Lyme grass

- PEG-6000 % ‘ ] ] é%é.*ﬁmfﬂ e
Species PEG-6OQO PCV Y, PCV Y, PCV Y, Comprehe.nswe Onder
concentration evaluation

i 23F Festuca arundinacea 0% 4.684 -3.479 -0.762 40.510 1
5% 4.123 1.523 -0.594 51.920
10% 1.918 1.632 -1.151 25.928
15% -1.131 0.710 -1.518 -13.100
20% -3.493 0.154 -2.067 -43.221
ST Total 6.100 0.540 -6.092 62.038

A2 EE Ryegrass 0% 2.893 -2.829 -0.144 23.174 2
5% 3.944 2.637 0.655 55.867
10% 1.791 2.256 0.051 -27.485
15% -2.412 0.450 -0.744 -27.485
20% -4.625 -0.542 -1.227 -57.315
ST Total 1.591 1.972 -1.410 -33.244

P Lyme grass 0% 2.001 -2.937 0.977 14.384 3
5% 0.782 1.177 2.047 16.595
10% -1.049 0.510 1.956 -7.024
15% -4.031 -0.543 1.291 -46.247
20% -5.393 -0.718 1.230 -62.666
M3t Total -7.691 -2.512 7.502 -84.959

TN, RAE BT 19 5 2 A BT EAR 1 209 PEG Ab B R BN 10 AN RZ MRl 7 & 2F R P Beig ok, +
FRIPpIE R A BRI AR — R AR AR P ha R R A KRR B 0 AR R T R 5 R A A
TAEBACEIEE AL T R0 PR T A 2R SRR AR TR 2 — 20 b e 7 el i o i e ok
Xt A Al S L S SR A Rz b 3 E B A o AR A BE, Bl e ISR 23 AR P T R
PRI, {52 2= 0 DAL G W53 Ak SRS /N A AL & 1 AN e S e A T k1 BT 5 5%
PET i1 T3 W SCsl b LA B I 1 5 A fek 7L o 3R 0 i R K Sk R ek 2, 7 o B9 IRl 3 BB - 0 T )
RORREAR, FBF TR ZFR TR, Benadjaoud %1 7R IIW T 48 thK 34 T B2 S BUR 2% 50800
Bu 450 fF 58 ¢ B SIS b AR IR0 1 2 R A I DA MK, S BUk ZF R0 HAN A, dnfal 7
IR AR50 T A1 PRS- i A RIS AR S 0 S P AR, b PR ) 200 M 23 2852 B o, P s 4 2
K Z BT, B HOPT S RE AT TR R

ABIRFE A B S 5 EE RGN, R SR R R R 4 B R B HL, O, W O, W CAT 5 PR
SOD {fi ¥k R EHI, SOD F1 CAT JEAHA7E A MMM R UG BRAN LN ROS (19 EE R4, SOD ZAHY 40
v B AR BT UK SR L Al H, O, A T4, AT 3 G 7 21 20 o il 400 400 s A 3
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CAT NIBENS 42K H,0,50#~ H,0 F1 O, , KAt UrJE L 4 40 it v i p SR Ak #2273 FEAR IR 5% o 55 0 HR 41
(0%PEG-6000) AH L , 15 W8 XT 55 250 R A2 BRI AL i SOD Al CAT BTG PE344E THRH/EN . Xu
S0 3E S A AT A MRRE R FOKAE T S E T A KA E B R AT B T IR, FEARTE I,
FHHAET A T AT REAEAE AN 7 Fos T AL BT AL, AT 4ERE S B L 2L B R ROS & I =
i SOD 1%,

TS B AP T 5 SR BRI R A AR A B TS A SR R S, = R Ay o
B OMREEE PR AR a VRBEFINTERER b WREER RN, TR0 S a0 AR A ) A DT R AT A
Y E Y, MY AE R B R R A E FRY A B EE KA FFR WA Oy T R A AR O 5P R
RE ST DIRIE ) K G R B A5 PE T, R 000 1) 384 580 22 1] A9 RR 2R 245 49, L6 DA 3 114 = 8 22 4R UK
0T A A A K 0 R EEHL S 0 3 R AR R e A VR R SR A A K, A 7 BT
N, TR IHA AT YD P S AR 2 B ], ROS S & 77 A, — 7 T2 ™ 5 400 5 40 i Py R
SERL PR P EAL A S R A i W IR 5 — T SR A AR K R R R RS A K E A
B, AT P B ANRIG i A, e 2B S B A Y FEAREE AT o RV AR A i T R A 8RB (15%
20%PEG-6000) T, 15 2 557 HAG 4 i 0 Bk i 7 ek B R & 7, Lo 2F 2P IO T 2 11 B PEG-6000 ¥ B A 5
LAV E e, RS L ARGt R A KA B 6T .
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Fig.7 Schematic diagram of the effects of simulated drought stress with PEG-6000 on seed germination characteristics and seedling growth

of Festuca arundinacea, Ryegrass, and Lyme grass
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4 Zig

AWFFER A R EE ) PEG-6000 AL 5 Bh30 , AF5E T 50 00 185 55 | 3R 22 BRI B B 1 b1~ 1 R
AN A A R AR, £33 T SR I S (E 0 AN RE D £R G PP AR o, () = RO L PR RE A
FUIRAR I N 15 20 > R A RS PUAT 25 G ARMTFE LR, MRAEANR] DX I 52 - 5 o de 56 8 119 22 S 1, B X P e 4%
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