1600-1607 LA A S 2 36 5 6 3
6/2019 PRATACULTURAL SCIENCE Vol.36, No.6

DOI: 10.11829/j.issn.1001-0629.2019-0149

XU FA. R JEIE K PEG JBie 6 A [F] Az 25 B i 5 v ff 7 1 R I 2 . Bl R, 2019, 36(6): 1600-1607.

Liu X S. Effects of temperature, light, and PEG on seed germination in different ecotypes of Achnatherum inebrians. Pratacultural Science,
2019, 36(6): 1600-1607.

BE. B PEG BN AEEASR
% O B 7R & HY 22

SN

CHIRH R R IR E 2058, Hl =1 7300000
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Effects of temperature, light, and PEG on seed germination in different
ecotypes of Achnatherum inebrians

LIU Xuesong
(Gansu University of Traditional Chinese Medicine, Lanzhou 730000, Gansu, China)

Abstract: The percent seed germination, germination index, radical length, and plumule length of Achnatherum inebrians
seeds and seedlings of the Yuzhong and Alax ecotypes were measured in treatments with different temperatures (10 ‘C/
20 °C. 15 °C/25 °C #1120 ‘C/30 °C, all under a 12/12 h light/dark cycle), light conditions (24 h light and 24 h dark), and
PEG (polyethylene glycol) concentrations (0, —0.3, —0.6, and —0.9 MPa). The results showed that 15 ‘C/25 ‘C was the most
suitable temperature for the seed germination of both Achnatherum inebrians ecotypes. The generation rate and index, radical
length, and plumule length of these two ecotypes significantly decreased under treatments with increasing PEG stress levels.
Under the combined action of all three factors, the radical length and plumule length of the Alax ecotype of Achnatherum
inebrians were greater than those of the Yuzhong ecotype.
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W 5 B8 (Achnatherum inebrians) +& 3 [E 16 77 5 R
M EERIMREY —, EHN. NE. Fig. 70
S X A A, ERIL. R, BT E
DR BT R AR R R 0 4 A
Y, RHAENFEAEMAREREXE, K
UM 1 B oy PR ) G 7 DR A O AR 7 i) B 2
FZ—, (ANMDEW BT ER. ST
PR RARF 1, DR AT A Dy AR 28 0 85 B AUk
R R R AT A BRI SRR, 22 M
KW FEBI AR HIT e 7 KRBT 7T, W 7 HE
& H W A B B (Epichloé gansuensis, E. inebrians)
A, TN B AR AE AR T B R
PEFIRDRESE 5/, e S BEI AR B AL B0 T
HeA

Tl R R A BEAT MR AE 2 1) Y B, 2
L i S L R BT Bl I IE R
P 4 52 A BR8P 2% R RO R g s .
T B A R A R AR HCS R R B B TR
FEADEHRAG 5, A — Hb X AN [5] 40 Bl DA B AN (7] 4
X 0 [ — b 0 b -, 3 1 2 3L T e AN R
Tt W7 A I UG 0 A S iR 2 AR A S Aol A 00 A A e
J2 18] o A0 - 358 5B IR B2 ) — Bl LA, X6 AR A AR
KAA o EmERE X B R T R UG
i AE R AR BEEWIEN, AREYE
AN TR 6 JE A% A TR Bl 1 B R AT N R 4 AR 0
SR FR) e 2 A AR BOR 22 5, T HL 4l B AE AR K R
AE 1 30 3 T 25 A8 Ak SR B A 85 0 R i) AR A, AT
R RER S AR T AR A R i
B TBCEC R B2 e, R AR M T I o IR B R R UK A
T O A5 ) R, X0 R SRR ) R AR KIS T B
AL, 72 AN [R) A2 855 2% 0 T B I 5 R b 1 B R I
&N A of W G BEAR R O A A AR T B R
=

MTAESR, P ARk i B B Ry 1T R FH 4 e A A
MR EERERE. Koy WERKE. 54
J& RN YR 2R 0 B R g BT, T e TR
FE . J6 R PEG = %% HAF X W 5 B M1 B K 1
FE AR AR TE o ASHIEFE LA [R] SR 45 Hh F) I 5 s Ao
TR RE, R PEG 335 1 5 7L K 25 b

I, WIS S R LA AT R
AR B S R R (SR R L
(A A g PR RS2, Dy Rt — 2D WF T R R
FEA R AL B2 5E S A

1 MRS 5%

11 R gEa

2013 4 9 H 73 il B H R i b A 52 B r 36 K
WL EM T, ERAREE B R XT G K ER #7
#% M. BiE R PEG-6000 oy Hral, WE EZ
M A R A .

1.2 REHZE

R 2 MRS, Mt (YZ) EEEM
Bif 47 3 (Alxa) £, 3 AN E A EE 10 °C/20 C
15 °C/25 °C A1 20 °C/30 °C A8 12 h/12 h), 2 NIEHE
A FE (524G IR 52 4 TR ), E AR B RO R 4%
T % 4 DNAFEIK E PEG 7K 23 i 38 4L B (0. —0.3.
—0.6 f1-0.9 MPa), LLJG B 7K &b 2 (0 MPa) N X
M, AR E 4 pEEN

20154F 7 H 20 H, B AR IR OR A7 1 B 5 B Fh 1
U, i K/ — 8, @R M -, e 1%
AR (NaClO) 32 5 min J&, L RIFEFE 3] 70% &
B3R 2 min, SR 5 28K PR e T8, 7 K EJE
4R bW T S R AR bR EE VR AT Bl R R .
B EAR N 9 em 15 37 LR &40 1 W9 2 K T e 4,
BIS)TON 50 Kidp 5, SRJE NN 5 mL ) PEG &K,
5 mL 7&K AE R0 B8, FRECREAS 15 77 ML i 4f &
B, Mrbridic gt. f R IR Ao %308 B ROk
BRI, LRg — i E N 5000 Ix,
RESG—KEN 2%, ELREFH21d, B RAKE
FANK IR IEHE R F T HH, &S dE#HR
— KT W AL, FEARERSRRENM T, 21d
Ja WA 85 7R LA BEHLEEL S MR, FEds R R
W 5E il AR ZE KA EAR K . R 28 14 Kig K&
) #0857 & % % (germination rate, GR, %) 1 & %
8 %1 (germination index, GI).
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KEEFREL = S (GUDt).
AF: Gt Nt RIKRFEANHL,

1.3 BUESH

W5 H4E ) SPSS 17.0 B AR k47 05 = i, M
Microsoft Excel 2007 147 48 V1 5 A 36 ) 4 o

2SR50

210 BN BESEMFHELMMEE KK
2.1.1  AN[ENEE AT PEG i 18 X i 5 B 1 R 2 R (1

5

EIRE— R, Fi#E PEGIKEMT &, MY
BR[O 5F OB PR, E P P IR S B R TR
GARZ—E K MIEREE S . YZ B T
16 3 PGB 51 N R 2R IFE—0.6 F1-0.9 MPa /K4
2 B2 BRK (P <0.05); 7E 10 'C/20 C IRJE T,
Alxa i 5y B 7 R ZF R AE-0.9 MPa 7K 73 %A% T &
F FEAK (P < 0.05), 1M fE 15 C/25 °C A1 20 'C/30 C
MR, PR ERAE-0.6 MPa 214 F &3 B 1IK,
HY) R ZEMT A (P<0.05). 24 PEGIKE—
SERT, YZ B BRI R S R BE IR FE ) B 2k
FTHE TR, 15 °CR5 C IR TR 5 E ik F
o Alxa 5 BL R K 5F 2 4E-0.3 MPa 7K 4
BB R T e R B e PR, HAE
15 "C/25 C Wik B & KfH: #£-0.6 #1-0.9 MPa &

Dt 952 BN R K)

FEGETR, MR ZF FR B R R T R R
iK%, XUl YZ 5 5 M B 1 oK
(& Do
2.1.2 AR E RN PEG iy 38 5 i 15 B b 1 2 2R 4R 4
(1) 5 M)

FRFAET, HEE—ER, MRS T
) oF 48 BB A& PEG WKk B 10 Ty 35 Pk, HL3Y
BEART XA FE (P <0.05). JBERBES —E
IF, PR FR I SRR T R 3 e AR A R R T R
B KGN, HAEE 15 °CRsS C 41 F
KRB KA, VL 15 °C/25 °C At Dy 5 e il o 5
T R BOE BRI (R 2).
2.1.3 AR AT PEG iy 18 5% I B B 40 1 AR A 1
Al

W& T, fER — PEG IR E AT,
PR b I S R R 1 1 I AR K B o IR R ) T 2
TR RS, HIYLE 15 CR5 C &M TikE
KA . YZ I 5 B0 AR R B I R 1 AR AL 5 6 T
ZRANEZE, W Alka B 55 AE 15 °CR5 C %4 T
)R AR K 2 25 KT 10/20 "C(P < 0.05). fE A — I8
AT, MR I BRI AR K BE S K 43 B ia
() 3G N gk N (3R 3).
2.1.4 AR BEFD PEG il 18 % T 5 B 407 1 IR 28 K 1
Al

Y PEG VTR — B i, PR I ) R 1 AR

x1 ABFZFHTAERERN PEG B3 BMHEED BT & F R M0
Table 1 Effects of different temperatures and levels of PEG stress on the germination rates of the seeds of
two ecotypes of Achnatherum inebrians held under the same light conditions

%

A Source L pE PEGH;il PEG stress

Temperature 0 MPa —0.3 MPa —0.6 MPa —0.9 MPa

10 C/20 °C 95 +3Aa 81+ 9Aa 59+ 15Bb 11+ 13Bc
¥+ Yuzhong 15 °C/25°C 96+ 2Aa 89+ 2Aa 67 + 15ABD 21+ 6Bc

20 “C/30 C 93 + 3ABa 83 + 6Aa 61+ 11ABb 11 + 8Bc

10 C/20 °C 91 + 6ABa 90 + 9Aa 86+ 2Aa 49 +21Ab

Rz Alax 15°C/25 C 93 + 4ABa 9] +2Aa 62 + 17ABD 31+27Ab

20 °C/30 C 87 + 3Ba 83 + 6Aa 55+ 17Bb 30+ 11ABc

FEAT AN G F /R R B — Rl [F — R E A F KA P ia 2 [0 2 57 B34 (P < 0.05); FFIAR KRS Z 8RR F— /KA E N ARG A RRE 2

B 25 5 B (P < 0.05)0 NI

Different lowercase letters within the same row indicate ecotypes held at the same temperature that differed significantly between different PEG levels at

the 0.05 level; different capital letters within the same column indicate ecotypes at the same PEG level that differed significantly between different

temperatures at the 0.05 level. similarly for the following tables.
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Table 2 Effects of different temperatures and levels of PEG stress on the germination index of the seeds
two ecotypes of Achnatherum inebrians germinated under the same light conditions
e PEGH}iH PEG stress

KA Source 5
Temperature 0 MPa —0.3 MPa —0.6 MPa —0.9 MPa
10 'C/20 °C 10.05 +0.27Ba 5.63 £0.52Cb 3.27+1.01Bc 0.63 +£0.75Bd

i ¥ Yuzhong 15°CnrsC 12.57 +1.30 Aa 7.73£0.31ABb 4.25+0.80ABc 1.10 £ 0.38Bd
20 C/30 'C 11.04 + 0.46ABa 7.27 +£0.32Bb 4.19+0.92ABc 0.59 + 0.42Bd
10 'C/20 'C 9.59 +4.10Ba 7.34+£0.71ABb 4.17 + 1.29ABc 2.40+0.81Ac

BT 133 Alax 15°CRs5C 11.55+ 1.62ABa 8.28 +0.33Ab 5.02+0.13Abc 2.85+ 1.13Ac

20 C/30 'C 10.80 £ 2.45Ba 6.61 £ 0.85BCb 3.61 £ 1.23ABc 1.79 £ 0.52ABc

Fz 3 AEBEHTAEIREFR PEG PrExt A iED EERKHR M
Table 3 Effects of different temperatures and levels of PEG stress on the radicle length of seedlings of
two ecotypes of Achnatherum inebrians germinated under the same light conditions

i & Temperature

10 'C/20 C

15°C25°C

20°C/30 C

_ PEGHri
K44 Source PEG stress
0 MPa
s Yuzhong
—0.3 MPa
‘ 0 MPa
B4 Alax
—0.3 MPa

15.40 + 1.00Aa
10.00 = 0.72Ba

16.34 +£ 0.99Ab
14.87 £ 1.51Ab

16.00 +=2.03Ca
11.53 £ 1.50Ca

30.33 £ 1.14Aa
22.47 +5.80Ba

15.60 £ 2.46Ba
10.73 £ 1.10Ba

2420 +5.14Aa

20.73 £ 0.42ABab

KB E R E T E S R BT R N B s
HH#AE15°CR5C 4 TFTRBRKE; YZIHESE 29 B

iy

B&HTE

e I S ) R ZF K B e T YZ B S (3R 4),
ETHUXAMEDEM TR

PR ZFKAE 3 N R 2R ARE (P> 0.05),
1M Alxa i & B 76 K 8—-0.3 MPa iy, 15°C/25 C
TRE TR K 25T 10 °C/20 °C X (P<0.05).
B —E N, PR S R IR 2 K R PEG
TR VB P 3G N B, BAEM FIK 3 & F T Alxa

AMEE KN
22,0 RIS SR T U R AR A X P R I T B
5 i

PRI 2R AE R, PRI 5 BRR 1 (K R 28 R B i
FERITH v 2 BB H T = pE S, 3 N REERMET

R4 ABFZFHTAEREMNPEG BN AMHBEDEREFE KM
Table 4 Effects of different temperatures and levels of PEG stress on the plumule length of seedlings of
two ecotypes of Achnatherum inebrians germinated under the same light conditions

& Temperature

10 °C/20 C

15/25°C

20/30 C

_ PEGHia
SKAEH Source PEG stress
0 MPa
s Yuzhong
—0.3 MPa
‘ 0 MPa
43 Alax
—0.3 MPa

13.73 £0.70Ba
740+ 1.11Da

16.73 = 1.40Ab
11.33 £ 1.47Cb

15.87 +2.34Ba
10.40 + 0.53Ca

2227+ 1.17Aa
17.80 + 0.20Ba

14.73 £2.37Aa
10.13 +£3.00Ba

18.40 = 1.64Ab
15.80 £ 1.51Aa
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Figure 1 Effects of different temperatures on the seed germination of two ecotypes of Achnatherum inebrians

AN /NG R IR AN [ b A AN [ 3 1) 22 57 8 % (P<0.05), [l

Different lowercase letters indicate ecotypes for which there were significant differences between the different temperatures at the 0.05 level; similarly for

the following Figure 2.

PR b I R () R S R B 2 R (P> 0.05), YZ
IR SRR T Alxa BEDEE (K] 1), 7E 10 °C/
20 i1 15 °C/25 C %1, Alxa B 5 8 Fp 1 (1) Kk %
HHEERT YZHSE (P<0.05). YZF L EF
T B T B I TR A G O, HL 3 AN
AL FR Y 22 R 3 B (P <0.05); 1M Alxa B 5 &1
(19 2 B i H50 00 B O RS B AR s S B N S R B, AR IR
£ 15 °C25 C I, KREFRBILER &K, 510 C/
20 °C b FEAH B 2 5 B 3 (P <0.05), 5 20 °C/30 C
WL E R (B 1),

222 RIS F TR L AR A 6 I B B A AR K
A

SRR, Alxa B F AR &2 KT

YZ B 5 AR K (P < 0.05).

YZ [ By R ) R K B R R T R K
H& R 2 (8 JE 8 3% % s Alxa iE 5 B IR
R A ) o 3L ) AR A 2 386 0 S B AR, 7E 15 °C25 °C
M TNIERIHRKM, 510°CR0C MHEREE (P<
0.05), {H15 20 "C/30 C kb & 3% Z 5 (P> 0.05)
(F2). BEEZEMET, YZEEDE 5 Alxa 551
JVR 2 K 25 B O FE 1 v T AZ M K, L Alxa [
B KRERT YZ D2 K (P <0.05);
7E20 C/R30 C 40T, YZBMDEYRFEK EES
F10 °C/20 °C 4P (P <0.05); TfifE 15 C/25 F120 C/
30 C MR, Alka B ERZFKEZE ®HT 10 C/
20 'C 4P (P <0.05) (K 2).

O K Yuzhong M BifHi3% Alax

50 A

30
be be

AR K Radical length/mm

0 1 1
10 'C/20 C 15°C25°C
%% Temperature

20°C/30 C

40 B

W W
S W

N
W

cd c

JEZE K Plumule length/mm
- =
S o S
T T T
(=N

W
T

1 1
15°C25°C

& Temperature

(=)

10°C120C 20 C/30 C

2 EREZFHTREETUNRMEBEDEYNEE KM
Figure 2 Effects of different temperatures on seedling growth in two ecotypes of Achnatherum inebrians
held under dark conditions
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3 WS4

FhFHiRTLEEHERAKS REKNESR. &
()i B B FR A IR B IR 1, X S PR IR 4 R
B, SRR R AR LSS AR s U R
KRBT SWERE T MK, &5 745 1stfE
R S5 S FR BB e A 5 A R AR ]
A A TR () T L S S i FE R K S ol A ) e R A
ZE 5, Alxa 5 BLAE R — & BEFK 73 s T AEK
B 4F, XU B Alxa B 5 BL R B B ) B
AKEE S, XU RT RS Alxa B 5 B R
1A% R PR IE B RE T O

ik B2 0T o R AR b A B ) 2 e, m] DT il ol
TR, oA M ARARIE X, B0 R i o A AR
TR S R KRR KB, 24 PEG KT A
0 Mpa ltf, TGRS A, A DR R 7E 3 4
T BE 26 TR HT &, B R FIYIEF] 85% LA b, Wt
BH T B R A X ik R A A LA R O 1
—OERNBEMHEATE A, £ 15 °C/25 CHRE T PR
WL R R RS RGP IRBAE B R R, Wi
B O O P T S M T Ok, I I FE
SRR SR TR A, X5 T A& w
WE SRR BE A AL OB, fE15°C25C
T FEE T P A I I e e 1 VR AR R I 2 K ik B
KAE, WREE BRI A B O 1 744 9 AR e )
W, REE T RE A B A IR ARG, AR R
(7 Bt s 7 A R LR AR A, AR T K A3 kN
MR T8 P fEARBE T, I8 A Al
PR 5 B TR S R R AR IR OR, BT R
FIRBANESRETHEFRR, HAEBBERXMET
KRR G, X R B R R I B
T 77 52 i BE I SE M ALK s AR — € B E e
SN R e < A R o P R N e
FRECH A By o, R IE B IR FE AT LSS PEG
ol 360 % b T 8 B R, 3 A x4 P g
F (Lespedeza bicolor) W HIF 5T 45 B AH L

R S e Bl I B IR R, X
A A R R BT b Z0UHK, WO AR (Ficus hispida)-

2 E L@k References:

% BEREE (Leonurus artemisia) {50727, i % 4G B
B & (Lilium concolor). )| & & (L. davidii)s EH &
(L. dauricum) ¥ F 1905 &4 9 B o2 gt ™. A
WF SR B2 K 73 Wrad 24 0 Mpa, Ui JE N 15/25 °C,
SRR AL BRI YZ I T R () R 3 R B e T R
FAbE, (HRFRITZER, 1 Alxa BED R
R F AN R B O IO SR b B R ¥y e =
Ft, X Ul B R BT K R KNS O
TR, AIOGHA R K, A B D R
R A TS, X A Y R
i 2B gl T B g0 B g e s P ) Ko 4 v
(Reaumuria trigyna) ¥R (Haloxylon ammodendron)~
4% - 4 55 (Buddleja crispa) RV 5 5 F R 5 245 R
FHABL . RIS 2K AR N, AN () I BE Ak B X 7 o i B BT
FhrRIRFREEAERELEZR, HEERENHAS
2R, U TR B 2% T IR R S
TR R A —E RE R, X 58 0 %
H A8 (Lilium)6 FAE ) B0 185 & 1 IF 75 25 SR AH AL o

TEAE YD A iy s, P A R A R B O I
W, BRBY B AR AR 2 ARG e e U AT ST
KL, AS[EHR BE ) PEG ¥ 2 AN [A) R BE 1 400 1) 1
RN B R, HOBE A B IE B RN TR R
A ] R, X ok 4 R &P 7 PEG i T
X BRI (Capsicum annuum) P 1 & 1 52 W B 5% 45
PARML, 5053 AE D % E AT (Cupressus gigantea)
Fh 18 K& A 7T 45 FAH S, T RE R A B B X6k
IK 3 B AR A R BB B M A By R AR BRI AN A

Zi LRk, AR E KAERE . S BAT PEG
= H MG A B AL B R PR XA [R] AR A B R
RIFFZW, BT 45 R 3R W 0l N R R R R T
B R IR FE D 15 °C/25 °C, SR IRAS & 1 K i
IR 2% A, AR LB PEG tH = $ i) Fh 1~ 14
K BEEZFAT, YZ DM & o ok
AR BT, Alxa B B B HE 0 R R
FEERE, M RIE I EGE B RERR, R
FE R K BB E T, Alka RS AR 5 T
FRMET YZ S H, Uil Alxa BT 58 HA
I ETIBULR o DGR VA S
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