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Effects of Different Seed Treatments on the Threshold of Water Potential
during the Seed Germination of Switchgrass
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Abstract: In order to provide theoretical basis for sowing and seedling establishment under drought condition, the
drought resistance and water requirement of switchgrass were investigated at germination and seedling establish-
ment stages. The seeds of different switchgrass species (Pathfinder, Traiblazer and Alamo) were treated with low
temperature (4°C) and 8 M sulfuric acid under different PEG concentrations (—0, 1~—0. 5 MPa). The water re-
quirement thresholds of switchgrass seeds were evaluated at radicle emergence, plumule emergence and seedling es-
tablishment stages. Results showed that the times required for achieving the 50% radicle emergence, plumule e-
mergence and seedling establishment of all seeds increased with environmental water potential decreasing. Water
requirement threshold at seedling establishment stage was higher than that at radicle emergence and plumule emer-
gence stages. Both low temperature treatment (4°C ) and 8 M sulfuric acid treatment shorten the times required for
achieving the 50% radicle emergence, plumule emergence and seedling establishment of all tested seeds, and en-
hanced the water requirement threshold in each stage. Pathfinder variety had lower requirement for environmental
water potential than Trailblazer and Alamo varieties under the same treatment. Therefore, seedling establishment
stage was the most sensitive to ambient water stress. Pathfinder variety showed the highest stress tolerance and
drought resistance among three varieties.
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Table 1 The traits of three Panicum virgatum varieties

fh 2oy & ik
Cultivars Ecotype Ploidy Description
58T AR AR

Al R 445K

ome " A B R
Pathfinder BB 8k HEM.E R
Trailblazer =908 8 {5k . AL E RS

1.2 RBAHZE

Fhrah BN A 1L 4ACRIBA G B 14
d; 4 FE 2.8 MBS AL BE 5 min; X HEAMEE(CK), B

EHFMFHRALERILA 5% ZBHEWIEEF 2 min
G REBKME. HATRESH. B& 30 AT
BT ERAEHENEERAN T SERILA,
DL Z Z B2 (PEG-6000) K IEFH AN R, 7£ 30°CHH IR
BFRATHEAR. SRTHIE BB ERROL/HE
BffE) 12 h/12 h,28°C & Faksekise., 8 1d Fk
—KIEFRW LA D KBS, KB ER
—0.10, —0.20, —0.30, —0. 40 #1—0. 50 MPa,
BMERE SRER, LIEB KGR ISR,

1.3 #FHz BENHEER

WRF TR & L 50N MFREARN
B Bl (RRAR R FR ) , 50X R TR ZE K SR B Fb K
M1/2, ARKSMFERFHE.ONFHFRIFR
lom FEK 2 cm i, &G ELICRMFH
R R RPN AR R
(BEREDMEREKE. B i BENFERBENE
KERE.

1.4 #EHRitHE
L41 HFHEKRKRHADEHFH . AL . E2HF
sE e E FFEsh. 9 AW E XA R RK
WEA — A BE R T 8 #7158 4 58 3% 2146 B Bir
Bt. —ME X BEARRY 50 Y08 3 B & B Hh i A ]
HE - HAEREREKSTH HEIHEH
A, BEHARN 8, A R R B [ R F A B L
SR B E R BiH R 5 MR AR
MBEFERERR WTHFR:
P, = a + blogt (1)
HoA ¢ o oK o b 38 3012 48 2 B B 1D
P, #MME Bt dag A MB A S EOHER
AR, ALy RAETUE . BB .85
KRR E—FHEtE s, c RBZSFFFHE B
KRB E N EEMEFRE,
1.4.2 BHBEXAMGHE % HE Scott™ K
TR E AR A F KB Hg 85 & Kl
W — 2B A (R 2~ DB TS BRI
1/t = b¥w+a (2)
Hep, Yo HIMRIREKE, —a/b BiZMFTE
KB ArRe A Zmis RAFEAKFE(FEKERE.

1.5 HiEgpie
KR SPSS 17. 0 #4317 H B2l 4 . F Sigma-
Plot 12. 0 %42 A,
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2.1 MFR4ARAMBSHED . PE . HERSE
xR

Ik 2~4 i, F— S M T . 4CARRLAEFM 8 M
BRERAL MBI, AR (R T8 3 B R AN 3K 50 %R
4. MRAET FhFHsh. HAM ML S0 %ht
[8]4% Pathfinder, Trailblazer 1 Alamo FhFp £ K T B
##, FEE PEG ¥ B3, Pathfinder, Trailblazer Fit
Alamo G F 7 3% B 85 35 85 & 1t 69 B R] AR R
iR,

EXE#K . ACRIBAL BT, Pathfinder ¥ 3.8 &

I 50 BRI 4508 1.97, 3.08, 5.36 d,£
—0.1~—0.5 MPa PEG Bti /5 , B i ] -3 L 5 1R
FEK 11, 17% ~116. 24%,7. 47% ~137. 66 % 1 6. 90%
~180,22%, Trailblazer 1 Alamo Bl .85 % i Hik
50% HE 2Bt [E] 4 F Pathfinder, 4} B 2. 09, 3.58, 6.50
d f17.18, 8.08, 9.52 d, a4 B /5 Fr G o (B3 T
14. 35% ~ 150. 23%, 6. 70% ~ 143. 85%, 5. 38% ~
131. 08%# 25, 77% ~163. 79%, 16. 58 % ~202. 97%,
23.32%~263.24%. [k 8 M BiMRAbIE T, &8
YR RS B F TS B R A AR 50 V0 RSB ) B¢
%t B4 , Pathfinder 85 35, 85 & #1 i #5 50 % #E 3 (6]
3 Trailblazer #1 Alamo B9%5 .
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Table 2 The times needed for 50% radicle emergence, plumule emergence and seedling establishment of switchgrass seed

at different environmental water potential gradients under low-temperature treatment (4°C)

FAH/MPa  50% 8538 (] /d 50 % # i /d 5026 i A &l /d
?.ﬁ External water  Time of 50% +CK% Time of 50% +CK% Time of 50% +CK%
Cultivars potential radical emergence plumule emergence seedling establishment
0.0 1.97 0.00 3,08 0,00 5.36 0. 00
—0.1 2.19 11.17 3,31 7.47 5.73 6. 90
—0.2 2.46 24,87 3.70 20,13 6.24 16. 42
Pathfinder —0.3 2.61 32.49 4,17 35.39 7.79 45, 34
—0.4 3.46 75.63 5.95 93.18 9.28 73.13
—0.5 4. 26 116. 24 7.32 137.66 15.02 180. 22
0.0 2.09 0.00 3,58 0.00 6. 50 0.00
—0.1 2.39 14. 35 3.82 6.70 6. 85 5.38
—0.2 2. 64 26. 32 3,95 10. 34 7.92 21,85
Trailblazer —0.3 2.66 27.27 4,91 37.15 9.74 49, 85
—0.4 3.87 85.17 7.95 122,07 15.02 131.08
—0.5 5.23 150. 23 8.73 143. 85 15.02 131.08
0.0 7.18 0.00 8.08 0.00 9.52 0.00
—0.1 9.03 25.77 9,42 16. 58 11.74 23.32
—0.2 10. 04 39.83 10, 84 34.16 13,53 42,12
Alamo —0.3 10. 90 51. 81 11, 32 40.10 17.97 88.76
—0.4 13. 39 86. 49 16. 86 108. 66 28.17 195. 90
—0.5 18.94 163.79 24,48 202.97 34,58 263.24

¥ +CK % = Cab BK BN &N B BB 7% i 8] — S0 R 3 80 A L 5 B2 97 8 ] ) =+ o R 2 80400 B B 9 1) X 10036, BB A AL K % MY

BT B (RO X U L, B M S RERE 2. TR

Note: +CK% = (time needed for treatment to reach 50% radicle emergence, plumule emergence or establishment stage — time needed for

control to reach corresponding stage) -+ time needed for control to reach corresponding stage X 100%. The same as below

2.2 BMF#sh . HEMHEEH RO KNE

Hi %% 2~4 WA, BEE PEG Jirif vk BE 938, #FF
sl R BN EKRER, WE 1~3 FiR,
ACHRBAET, BFHS HEMEESHBIEE
ZHREAAEKEREET. HPRELET Path-
finder B FWH3h W5 B A0 th H | K B{E 271K —0. 95,
—0. 86 F1—0. 83 MPa, [fj &} Pathfinder, Trailblazer

Alamo G & M BT K BEFEE R, KA N Path-

finder>Trailblazer > Alamo, 8 M IRERALE T, FTFHf
3 85 R 8 & W B BT BE . A R K SR
WE. RS 4CRRAEMAM. B Pathfinder & Fh
HHHEMHELEN KW BBRBRES T Tailb-
lazer #1 Alamo, EL#-FH 3. R A W& M BT K
BEZEWT G, X R, B RIFHEAK I BE BB H &
W E 0 T RO BB R EHE R, B S B R
mE.
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Table 3 The times needed for the 50% seed radicle emergence. plumule emergence and seedling establishment of

switchgrass at different environmental water potential gradients under 8 M sul{uric acid treatment

o kg /MPa 50 % 8 Bt /d 50 % 8 & B ] /d 50% i HTBTiE] /d
L External water  Time of 50% +CK% Time of 50% +CK% Time of 50% +CK%
Cultivars potential radical emergence plumule emergence seedling establishment
0.0 2.32 0. 00 4,04 0.00 6. 11 0.00
—0.1 2.69 15.95 4. 40 8.91 6.77 10. 80
—0.2 2.95 27.16 4,85 20.05 7.27 18.99
Pathfinder —0.3 3.12 34,48 3. 66 40,10 8.78 43.70
—0.4 4,12 77.59 8. 44 108. 91 13.16 115.38
—0.5 6. 40 175. 86 9.52 135. 64 15,02 145, 83
0.0 2.63 0. 00 4.37 0. 00 6.77 0. 00
—0.1 3.17 20,53 4. 85 10. 98 7.10 4, 87
—0.2 3.952 33. 84 5. 40 23.57 8.22 21.42
Trailblazer —0.3 4,47 69. 96 6. 60 51.03 9.68 42,98
—0.4 5.83 121. 67 8.02 83.52 11.85 75.04
—0.5 6. 44 144, 87 12.82 193. 36 28. 17 316. 10
0.0 7.98 0.00 8. 39 0.00 11. 80 0.00
—0.1 8. 84 10. 78 9.75 16. 21 13.59 15.17
—0.2 10. 29 28,95 11. 21 33.61 25,06 112. 37
Alamo —0.3 12,80 60. 40 12.93 54,11 28.17 138.73
—0.4 16. 29 104. 14 19. 22 128. 08 34,58 193.05
—0.5 27.34 242,61 34,44 310.49 34.58 193. 05

R4 RRENEBERTHD PEMLE RS EASONNHEEFREABELNXE

Table 4 Variations in the times needed for 50% of seed radicle emergence, plumule emergence and seedling establishment

of Switchgrass along environmental water potential gradients under untreatment

e FIEAKE/MPa 50 %8 At E/d 50 % d shit ] /d 50 % H (A /d
Cultivars External water Time of 50% +CK% Time of 50% +CK% Time of 50% +CK%
potential radical emergence plumule emergence seedling establishment

0.0 2. 47 0.00 4,05 0. 00 6. 64 0.00

-0l 2.96 19. 84 4.77 17.78 7.16 7.83

—0.2 3.44 39.27 6.61 63.21 7.86 18,37

Pathfinder —0.3 4.92 99,19 7.90 95, 06 9.99 50,45

—0.4 4,92 99,19 8.37 106. 67 11. 85 78.46

—0.3 7.05 185. 43 9.99 146. 67 28.17 324.25

0.0 3.18 0,00 4,67 0. 00 7.04 0.00

—0.1 3.55 11. 64 5.31 12.05 7.39 4,97

—0.2 4.07 27.99 6.10 30. 62 9.74 38.35

Trailblazer —0.3 5.22 64,15 9.29 98.93 18. 38 161.08

—0.4 7.00 120.13 9. 87 111.35 15.02 113. 35

—0.5 9.08 185. 53 13.74 194. 22 34.58 391,19

0,0 7.81 0. 00 9.23 0.00 9.07 0.00

—0.1 9.88 26.50 10. 64 15, 28 11.85 30. 65

—0.2 11,37 15. 58 12.09 30. 99 15.02 65. 60

Alamo —0.3 12.25 56. 85 12.92 39,99 28.17 210.58

—0.4 20. 39 161.08 24.48 165. 22 34.58 281. 26

—0.5 24,48 213.44 34. 44 273.13 34,58 281, 26
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Fig. 1 Relationship between the times of 50%
seed radicle emergence, plumule emergence and seedling
establishment (d) and the water potential threshold

of switchgrass under low-temperature treatment (4°C)
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Fig. 2 Relationship between time of 50% seed radicle
emergence, plumule emergence and seedling establishment
(d) and threshold water potential in switchgrass

under 8 M sulfuric acid treatment
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Fig. 3 Relationship between the times of 50% seed

it 7k #/MPa
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radicle emergence, plumule emergence and seedling
establishment (d) and the water potential

threshold of control switchgrass
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> >HEE K. EXREIEYEHTE
LB BREN R EENRENLSR.

ACHKBAEM FA S MERLERS FHE
Pathfinder, Trailblazer fl Alamo #3h.85 & f1 8
B B ) R B R 48 4, (S 45 A MR K W 3 B ok
WABRTKBEER /N, X IR SR TR B W=,
e B, KR A 38R B BR AL 3B AR AR A 1R 7R B A9 78 AR B
BRARE TRAKIR, 3 FF AT A BRI,
MR R F A8 RGN, MR R B F,
W 5 P et ] B R R 8 R R R

Xt F A [R) & F R B, 7K 43 Ji 38 T M0 BR b 7 B
kg RN E R R EK,H Pathfinder
S IR A WA W BT R BT R A X Trailb-
lazer f1 Alamo 348, M, & & H XN ERH T KR
H.AAERKNTEZ XA, A Pathfinder >
Trailblazer™>Alamo, Sanderson ZEU 83z %8, %
BEKHERSMEEN FREFBHIFE, Bt
HMEREMUWEEN FTROFE, X 5HAE
GREF—B. FHFNEKE G, FKRE
WA AEAKEWERBE TG, RAN B HH B
Xt K 47 R B BURDS

4 &

SRR MFEHS HRAMLELR S, H
S BT 2 3250 FK 4 38 B 1 B, 9 R B &% S
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HEHRMK BHERBEREREE. R, 4CK
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