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The Effects of Temperature and Osmotic Stress on the
Germination of Scorzonera pusilla (Compositae) Seeds
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Abstract: Scorzonera pusilla is one of the early-spring short-lived perennial desert plants. Non-dormant seeds of S. pusilla
are very small and light, and able to absorb water very quickly. Suitable temperature for germination was between 0°C and
15°C, and the optimum temperature was 4°C. With the increasing temperature, the germination percentage decreased evi-
dently. Especially, temperature fluctuations had not significant effect on seed germination. Final germination percentages
decreased distinctly with decreasing water potential of PEG and NaCl solution. The relationship between water potential of
different solutions and germination was negative. The stronger the osmotic stress was, the more the proline content of seed-
lings was. The effects of NaCl on germination and seedlings were much stronger than that of iso-osmotic PEG in spite of two
different temperatures, and the proline content of seedlings confronting increasing water stress was increased sharply. When
the concentration of NaCl increased to some extent, the salt toxicity occurred besides water stress. The results are valuable
to elucidate the ecogeographical pattemns and mechanisms for adaptation of such early-spring ephemeral plants in the desert

environments .
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AWAHE: —REEEWHER, “REEAKR
(Brandel, 2004; Baskin and Baskin, 1988), R
AEPRERH, ERFTERED, BAWER
5ZEVWHRETA, BEREmMATHHEE, K
W, ET2FHED, KuUEREEENEWE
T, R EEY R R E AN EE
(Rojas-Aréchiga %, 1997), FpFimth¥E RFF1E
B R AR R4 5 | R BB 1 T 8 B S8R Y
SEEN. TEPERNESHEY EEEBK
SHNARMBEFEE, HEKFBRENER (Muns
%, 2006), IRMAEEDFHTHROEHELES
Rk, MBEfERAEMEYRREERRE . ZSHRES
REMREMEEMYRHENFRFAARAGER
HEMEXL,

A F5Z (Scorzonera pusilla Pall.) E B
RIEBRTE PR BAEA RE P R A A A
Y)(hitp: //www. cau. edu. cn/psi/research/ WYE2/halo-
phyte% 20list% 200f% 20Xinjiang. htm), 7£ & B %
BARENSEE. HN . FENHESEX, £
HETF IR 500 ~ 1 600 m IR, Y. ¥
M. UBRRTRE . BEEMEAHE; HnE. &
FEAFME. P, FEHMFLEOAEXN (BHE
FITRMER, 1994; B %¥3L, 2004), ZEFHBILT,
SBEFHERIALELZNE, EETHR, #2287
BREGHEYSA T CEEEMKMER, 1994),
REEMAEAYX REFCHEX ML RS, H
B R A YR FRBEAESE ML, T
T BT AR AL V5 SRR AE RO M VR (Y TR
HERBHEEN . AL BRI NN
R, PR TIREXHAFHRORMY, UEKS
AT MHERK S BN, FIZERT
AR HAE 3 38 DLARE Ao

1 #RFAE
1.1 ¥

BREA Y BE (Scoronera pusilla Pall.) FF-FF
2006 4 5 A FAIRE T A E T X6 HE AR E L0
(44°11.77'N, 86°5.16'E, 650 m Ak.) B ERBEE,
1.2 Ak
1.2.1 FFEKBMGRKMEZMNE B220KRFHT, S
MEE, AfTERERE/KE (ISTA, 1985). %50
T, 3NMER, REERABRARBAKHENRS,
S CHEBAMG TR, S3BRAK1h, 2h, 4h, 6h,

12h, 24h, 36h, 48h F1 60 h F9FH T, FHEKR T R
KAHE, FIMEEEX 0.0001 g MR FRFFRE, HHEMT
HEMENE, HLRFHFRRKELE.

1.2.2 AERETHHTFHE BHFIHETO. 4.
10, 15, 20, 25, 30 # 35C PA K AF i 20/30. 415 Fi &/
10C (AR 14h: B E10h) HIIEFEE (HPG-280B, M4
IRERBRETFHEAFEARAE), XE 14Wwd, LR
BEH 33.48 pmol m™? 57! (LI-COR 1400 Data logger, USA).
0T HBRARBF TR TIKA, B, 5k
MMEZER 9em, FlSm RBKEBEK, BIFFOA
BFF25h, 410HEE. §3dWKICROCTHFFIIE
1oL, HMBRETHMT, 8 24h 80—k, KEFHFEE
K, ek (ERRBEMENIIHE) WHTE
o BREMFFIATLEIRF. TRFFERED 60 d.
1.2.3 FEKZH PEG-8000 H WAL 1B IE Michel
(1983) Mgk, BLE 10CTFARE K -1.54, -3.17 fil -
4.22 MPa i) PEG T ¥, TEBAR RS, HF 100 KiFh 77
FHRANERENERZN 9 em HEEFEM S, 43510 5 ml
K ) RMERFEKEW PEG B, S 4
NMEE. EERARBERMAAZRE (Wwd), BENHN
10C, BUWMECR~KHRER, B2dRLER
—KEFMFP TR . BRRERFEUIHEL, HTH
RIEBHEE (1~2em) BRARNKHERNSE.
1.2.4 AEIKHEM NaQ B LR BELAK (V= -
RTCsi, PRl 4CTFAK#N -0.15. -0.31, -0.49 f -
0.98MPa fJ NaCl . ZEAR P, R & 8.2x 10°°MPa
mmol ' k™', TR 283K, Cs BERKE (mmol/L), HW
BRI (Meyer and Boyer, 1981), B FRAREKE
) NaQl P RAL B, 4x 100 RiFhFH—4, BTF 4CHX
BIEFAPERE (4Wd), B2 REH-KEFIAK
B (Sml), R, DZEEAKRXNE. #FHABEER
M4 (1~2em) BAXMEHERS R,

1.2.5 $EHERIENNE H1.23/M1.2484
A THRMANY, kg, BT, R0.3~05g THEK
i, 1RHE Bates % (1973) WA BT HERNHEE, L
pg/g dry weight (DW) 7R,

1.2.6 ittt HMEIiCFEHEIE, H SpsS (12.0)
KGR ITHETFHERR (One-Way ANOVA), FHI%
ZEMERA ISD (BB EERMNE) B, AR
MR LI £ R RR,

2 &R
2.1 A BEFHFHOBRASHE

M BA MR R/MREL, THREAN
4.12x0.14 g; M T E/KELN 0.0867 g H,0/g
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29 %

DW (g/g DW), MFFFIIBKEIAE (B 1), K
KRBT LAST R 3 ABvE: (1) E—MrBOED 2
h, REBEAK; (2) F2HBH2~12h, BKH
2 (3) FLINMBRE 2h FEBHBAERES,
BTV, 3FE, F—HBEMNRKE (0.18¢)
BB KE (0.23g) #78.3%,
2.2 BEXNMTFHENERE

AR T RAKIRAY, REEXTEE &L
FHERE (BEAERLER) ABENER
(E2), FHEAMNSERELEANTF 0C ~
15CZ A, HLL4CHEME, 3 RE&RT
WA FHARLHEWEIER. A8H
2, FEOCKHT AR (60d) /5, A
67%MIF FHi K. WA, HRESTF 15C, &
WRTRECZER, fFFROHREHERMRK, L2
KEwES (B2),

03r
2025t
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= ¥
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Fig. 1 Curve of water uptake by Scorzonera
pusilla seeds at 25°C
100
g 80
£
g 60t
‘E
(3" 40
¥ a0t
B 0 A \ N . ,
0 -0.49 -1.54 -3.17 -4.22

PEG-8000 #5#k A7k #v
Water potential of PEG-8000 solution (MPa)

M3 4 BAMTE I0CTHRRASH
PEG-8000 ¥ ¥ f) 85 A 1 B
Fig. 3 Gemnination responses of Scorzonera pusilla
seeds to different water potential of PEG-8000
solution at 10°C

2.3 AE/k#EH PEG-8000 B E FRIdR
RIE 7K PEG-8000 ¥, *&um- 1A
FHHEARXAGHBRZEW (B 3), & 10CH,
SIS AP T B & SR A K B R T R,
BRI 66% 30 F) 17% o
2.4 AEKHEH NaCl BEAE TR
MR FHHERREEERZESHE
W, fE4CH, XTI (GRIB/KAE) MR RE
B FKZEN -0.15 MPa B9 NaCl WAL BLS,
BT BB & RAUE 32%; SRKE N -0.98
MPa ) NaCl 75 WAL B, A0 BBAF FHRBHER
HE (E4),
2.5 BEBDETHSHEHERSE
Bfi& PEG-8000 F1 NaCl I UK # B BEA%, 40
HEASENHERSBHBEM, BENSTX
M (A Ss),
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Fig. 2 The germination percentages of Scorzonera pusilla
seeds at different temperatures

80r

= T
T ol
E
E Y
3
M 20 |
M
=0 1 1 1 1
0 -0.15 -0.31 -0.49 -0.98

NaCl 75 ¥ it 7k %
Water potentail of NaCl solution (MPa)

B4 7EACT AR NaCl ¥k BN 400 B 28
T A RNEW
Fig. 4 Effects of different water potential of NaCl solution
on germination percentage of Scorzonera pusilla
seeds at 4°C
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Fig. 5 Proline content of Scorzonera pusilla seedlings produced by seeds treated by different
PEG-8000 (A) and NaCl (B) solution

3 Wt

R R T KSR (Bewley, 1997), 7E
WK AT AR E S &R TR, JERIRIFEERK
IREFPFEBOKST R, R, FEICEBAEEL
M TFHEB/REMEZ, IRLBES, £FEW
E, HERH, FEHKEE6.5~7.2CZH;
AEFETHRZIH 125~ 270 mm (http: //www. shznw. -
com/about/? ID = qihou), M AR FES5~6
ABE, WSBELH, HEHHTHR, A
BRFR/NREE, R, BRES, IRERT
VTR EMY R TR T mZ—, B A KRN
ANRLRVFRF, T EAEDES, FEHEYERE™E
KER/MRAF T, HERRGEREEE (Gu-
terman, 1993, 1994), P FHBIEZGE, HRE.
KRIRE B A, HasBBEAREN, LHEAET
SATEBER YD EIR R S, B B K A B PR A T Ok
EEBER, AN BERFRERKMGES, E¥
BERMFHESFAYHRE @O/ OTEAK (B
Do M BAHFANETRELER 0~ 15C,
HO~4CERMFHIEL, TRXHHRITH
BEMRSER (B 2), JiF, BBEPGERK MR
FHASREMNHREREATBASHMLER
HATRY AL RIFF S Jurado 5§ (2000) 7EBFSE
BFFHRILEE TR XY, RHE
A MY RREHRRAE 2CUT, X5
M P RRR T AU R IR B T4 ML, AT LAHENT,

M SRR X 0 AR BRI, BRESNAE
BE R T Z—,
ETREETRK, Koz mdss8ESE
RBEHHEDERMEAG EEHEE (Song %,
2005), NSRRI T LEBAIKE, AT
SFEEYEERKARENKG T, BRTEHTER
FRAERBER AL, a2 Y A0 MY
FAEBETFEE (Munns %, 2006), HIt, 7EMNE
FUT, RIFBAERKSREMTER AR L
X FHEYFEREXERN., Ak, HHEYAE
AR WRIE MR R : —RBREAES S BF Y
B, ZRELHR/NFRAE VY EEEEN
FEHIRB B F X RN B, LaafRa
MM RS IEH I BE (Kuznetsov and Shevyak-
ova, 1999; Su %, 2006; Wang %, 2006), ER%
MY T e EFOERATE, BMERERE™
ARMBBERTRZ— (Xu %, 2002), TEAFEM
ra&ET, EYEATERARERS RSN
BEAFMN. EHALBPZAFKEH PEG
EBAIERE, A BEAR TR EEHER
(E3), FERKZERBERS B EREE
#mwmgm (B5: A), AR, —ERENHER
Fl SRR AR R T BEJ 40 M- HS A% 7K 43 e A — e L
BN, FRIRE, dMRSBTEKEY -0.15 MPa By
NaCl Wi ia T, AEHRKEZBFEE, mHa
AN EREERSEVER TR (B
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5: B). A& NaCl WAWHMEREERMIEM, BREL
AERAERS RSN (BS5: B), HAHBE
FFHEEENIBIRER (B4), XBREW
BHERWEERYTERAEERN, mMH, RE
BEARR, HZKE (-0.49MPa) ¥ NaCl A
b PEG 90X 40 o3 2R T 1 BB 3 B KR %2,
AREEE FHERN (B 5), a4 8E
B, EYREEAA, SIREAKEA BT FSME
MEAZHE, NTTREBRZHIHFERER, B
I, ALK IR R pir e i E M R BN
BN EE G, R EAE (HEH)
WERH, XS5EREMNER B (DEEE,
2006; Lin and Zhu, 1997; #3tE%, 2005),

HEVETRERES, TREBREFZHDHY
—FPIEN R, WEMHEYIT S, EREKS
Bl P = A Fh F A B T RAF L H AR,
B A i LR A X 55 . T TR 2 i )
RREEIRE RS B ULE, XFPHLE
B TATERL BB A E THE. —&
BHERBEMNBES T URFHEY T 5E MM 68
F1o WA BAFFH R KA B HEARRRN
HEE, AHBAETREENIHEEkERY, X
HerEms A RSRREVAN, WRET
RIS R. X, & EE A AL
YA S B S 0 A 25 A B A AL,
REE AU Pl R R RN R, HE
BHAE P FE Y % L BR IR AR AKIE

(8 % x W)

Baskin CC, Baskin JM, 1988. Gemmination ecophysiology of herbaceous
plant species in a temperature region [J1. Amer J Bot, 75: 286—305

Bates LS, Walderen RP, Teare ID, 1973. Rapid determination of free
praline for water stress studies [J]. Plant Soil, 39: 205—207

Bewley D, 1997. Seed germination and dormancy [J]. The Plant Cell,
9: 1055—1066

Brandel M, 2004. The role of temperature in the regulation of dormancy
and germination of two related summer-annual mudflat species [J].
Aquatic Bot, 79: 15—32

Gutterman Y, 1993. Seed Germination in Desert Plants, Adaptations of
Desert Organisms [M]. Berlin: Springer-Verlag

Gutterman Y, 1994. Strategies of seed dispersal and germination in plants
inhabiting deserts [J]. Bot Review, 60: 373—425

He XL (¥{%:4L), 2004. Study on the genus Scorzonera L. from China
[J]. J Heibei Univ (Nat Sci Ed) (W 4L K2¥2%4H - HRH %
&), 24 (1): 65—73

ISTA , 1985. Intemational Rules for Seed Testing. Annexes 1985 [J].
Seed Sci & Technol , 13: 299—513

Jurado E, Aguirre O, Flores J et al. 2000. Germination in tamaulipan

thomscrub of north-eastern Mexico [J]. J Arid Environ , 46: 413—424

Kuznetsov VV, Shevyakova NI, 1999. Proline under stress conditions:
biological role, metabolism, and regulation [J]. Russian J Plant
Physiol , 46 (2): 274—287

Lin JP, Zhu JK, 1997. Proline accumulation and salt-stress-induced gene

expression in a salt- hypersensitive mutant of Arabidopsis [J]. Plant
Physiol , 114: 591—596

Mao ZM (E# %), Zhang DM (KM ), 1994. The conspectus of
ephemeral flora in northem Xinjiang [J]. Arid Zone Res (T 2K BF
%), 11(3): 1—26

Meyer RF, Boyer JS, 1981. Osmoregulation, solute distribution and
growth in soybean seedlings having low water potentials [J]. Plan-
ta, 151: 482—489

Michel B, 1983. Evaluation of the water potentials of solutions of polyeth-
ylene glycol 8000 both in the absence and presence of other solutions
[J]. Plant Physiol, 72: 66—70

Munns R, James RA, Liuchi A, 2006. Approaches to increasing the salt
tolerance of wheat and other cereals [J]. J Exp Bot, 57 (5):
1025—1043

Rojas- Aréchiga M, Orozco-segovia A, Vézquez-Yanes C, 1997. Effect of
light on germination of seven species of cacti from the Zapotitla Valley
in Puebla, México [J). J Arid Environ, 36: S71—578

Song J, Feng G, Tian CY et al. 2005. Strategies for adaptation of Suae-
da physophora, Haloxylon ammodendron and Haloxylon persicum to
a saline environment during seed-germination stage [J]. Ann Bot,
96: 399—405

Su ], Hirji R, Zhang L et al. 2006. Evaluation of the stress-responsive
determinants in Arabidopsis by large-scale forward genetic screens
[J]. J Exp Bot, 57 (5): 1119—1128

Sun ZB (MEFE), Qi XY (FX =), Zhang HT (K BLHE) e ol.
2006. The effect of NaCl to the growth and osmotic regulation of Ara-

bidopsis thaliana [J]. Shandong Sei (WLFRFIH), 19 (3): 7—14

Wang GB, Davenport RJ, Volkov V et al. 2006. Low unidirectional so-
dium influx into root cells restricts net sodium accumulation in Thel-
lungiella halophila , a salt-tolerant relative of Arabidopsis thaliana
[3]. J Exp Bat, 57 (5): 1161—1170

Xu SJ, An LZ, Feng HY et al. 2002. The seasonal effects of water stress
on Ammopitanthus mogolicus in a desert environment [J]. J Arid
Enwiron, 51: 437—447

Yang HB (#35%), Han ZH (¥#%¥), Xu XF (5 F#), 2005.
Effects of NaCl and iso-osmotic polyethylene glycol on free proline
contents of Malus [J]. Plant Physiol Commun (%)% B%iE
W), 41 (2): 157—162



http://www.cqvip.com

