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Abstract: Seed germination time scatters in different seasons, being propitious to the resources
utilization and the population continuation and growth. In this paper, a field survey was conduc-
ted on the autumn-germinating plant species and their distribution in Grurbantonggut Desert,
and, based on the biological characteristics of their seeds and the responses of the seeds germina-
tion to air temperature and soil moisture, the common characteristics of the seeds and the envi-
ronment-dependence of their germination were studied. Among the 67 sites surveyed, 33 sites
had autumn-germinating species, and most of them were ephemeral plants. The fruits of autumn-
germinating plants were easy to dehiscence, and the seeds had a shorter life span without dorman-
cy. The seed germination had a broader high temperature threshold, and the germination type
was not a low-temperature type of early spring but in correspondence to the temperature in autumn
(September—November). The germination was sensitive to soil moisture. Redundancy analysis
further revealed that soil moisture was a limiting factor to the germination time of the seeds, and
affected the distribution of autumn-germinating plants. Because of the increasing precipitation in
autumn and winter and the shortening frozen period in winter under the background of climate
change, it was deduced that that the species and number of autumn-germinating plants in Gurba-
ntunggut Desert would be increased.

Key words; soil moisture; temperature; germination time; ephemeral plant; redundancy
analysis.
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BAEE HA RAFAIE N, SR, T AE IR AT A &
B, ICHR A3 1 AR AR S A R A TE T R B o R v T
i AFLERD T TERCR W A& BRI, X A Y M 71 &
IS ARPE Qe o 275 2 A A ) ) R 3 1 X SR
S ) R A U EIR ARG

L AEAEAE) R I 2 FhOAS [ 9 Wi e R o P
W & A0 2 J ) BE 6% A RCHR = R ) Y S A 0 A
( Grime et al. ,1981 ; Manddk ,2003 ) ; 7£ A AT T ] #4
WP R &, A3 4H AU, Sk R X 5R ( Venable &
Brown, 1988 ; Philippi, 1993 ; ik K 55,2000 ; X1l 5 R 45,
2004) , FKBIHE W FRAZE 1 4R EAE Y (winter an-
nual) , B R2HFFM T K, B L, 7 ER
YRGS AERK R R, B & TR 5% 2 %
B R AR — AR S50, BRI & & 2
RIS S — PR S B Y PSK R TR R

T~ K S A ) A 1 S R B EURRAE Wi R I [
55 ZN 5 Wl AR PR Y TE S RE 0 BT R B 7 &
( Gonzalez-Astorga & Nufiez-Farfan, 2000 ; Donohue et
al. ,2010) ,TEFCHEL 1 AFAAE ) R REF S A7 7E 5 R RE
B BA L (Venable ,2007) . Fh1-8 & AN
PRERGEARXT BT, NE5 IR R E B IR IR 32 2 7E
To (1) L SRS R B AE S (2) B 1k R bR
FFEIHMITE S5 (3) Y ERBEANIE G 41 i i s () — ol
PETTXE SR 5 (4) V879 7 A0 S A 3 5 BE 3K 3 e R
(5) BUA AL T R 9 VF 2 4 fin Rl R AE 22—, AT
fifi— oA 7E AR B8 b i3S A R B ok (4% R
ENI,2003) , AHLE 1R FE  IRAR Sy P9 B A4 Ao
PRI PN R R B 2 pR VR P AR A ke 14 i A1 PR
WRARAZ i 2 5, PR A2 i 5 2 Al
Bz, Baskin (1998 ) 471 RHR 73 oy A BAKHR P
AURAR JE AR FORIR P FEORAR B0 A= BEARER |
P EARAR LA S HUBRAR IR S AR 2200 AR A ) ol
FAER A B A T A BRORER , FT LA 3o 5
ARG AR A T s ROR AT, SR T RK i o 7 WA —
T ORAR AN KB 22 S DFFE D

H X TR R oY, 24 h TRIE = 4
FLBLVD L, BIF 5T TN 25 A0 45 X 79 Sk T 1% 5K A 39 ik
(Evans et al. ,2005 ; Valleriani , 2005 ) I35 X1 Fk 8 Ff
BERY ZHE Y% ( Miller-Rushing & Primack ,2008 ; Gal-
loway & Burgess, 2009 ) Fllf & 2% ( Myneni et al. ,
1997) Y2, AR BT A0 (1995 ) #R 1 T B2R
IIF (Malcolmia scorpioides) VUt ( Tetracme quad-
ricornis) KA DU I ( Tetracme recurvata ) R 5% 88

H\( Lappula semiglabra)4 Fi i WA BB £ 5 7 05 1K
A Rk . R £0FNIRE SR (2005 ) X L T HEVE
IRFEEERP o EL R 4 AR ) BRI I TR A ) 7 A Y
FERRAE AR IS A=A T3 R BB i 5 D7 T 26 5%
K SE (2007 ) XF /N4 ( Plantago minuta ) FI W 4
4 )L ( Erodium oxyrrhynchum ) H B B A
SEYFREHAT T

TET 50X 5107 & I [A] 2 AR Gk e 0m 2R
FHAZE SR | e (3K o B2 R [R] | R3 7K s (%) 385 B2 2 1
FE K (Garnett & Williamson,2010) 17 X
TP FAS B T I [R] I ARG T Ao 5 Xk 3 A e 17 114
HUBALEE (Reynolds et al. ,2004 ; Schwinning & Sala,
2004) , an—LLyRh gy R BAARTRE | RESS A AR
AT K PR K BE ) (B PR ESE 2001) o T LA
TR )2 AR DR R AR AR ) R R S [R5
A T3 N TR 2 AR PR R 0 AR A7 X 5K ( Cohen,
1968 ; Simons & Jonnston,2006)

A SCHERF MR 1l R BRI o R rp A Bk
BN BRI JF R Rk R SR EAT A28 00 5 78
TN R B MK 3 86 | SR 1Bk 40 A1 (4 B
BEMHE . LB RK T R A AR P 0] S AR S5 gl
1438 AL

1 HARMXREHARTE

1.1 HAREEA

AIFFE DX ASE T 7 PES 7 235 M i bty /R B0 oy R VD
T(44°11'N—46°20'N F1 84°31'E—90°00'E ) ; H1m
U 4.88 J1 km?, J2& 8 5 RV IAIE — K[
FE R EVDEL, VB REES AT E TR 2
R ZE R RE BRI K B AR
IR 2 245 >20 em RS | & N Rl TS
i
1.2 Wk
1.2.1 FEMIEE 2009 4F 11 A ¥, 76 /R PR o
FRUD B F A ) B2 AR X, 43 IR FIBEA L2 &
FEHEHL 67 AFEML (XA 545 ,2010) |, T8 A Bk i 9
oA, Hor 66 NFEHLA T B, — AN - b
SRR LR O SRR N A Y
FREFECR , FFAR 1A R R 4 20 Bk, DAESEAE
YEYIMELE . ARV B R /NRE 1), A Y TR
B AR Hy, BV BB M E 1 45 100 ~200 m
110 m SERUREAT , /IVEE 5 TR 55 V0 e i 45 306, LA
IRBIRE SURE VR W) b 22 R R 9 S5 /N LN T AR (XK
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45 2006) , TEREHFNEEST 10 mx10 m BI/NVEE DT, R
FAHESERE T DL AT A LI, A28 A B - b 4y
SR THIAE R 2 AP ATRE K S km, FEATAH
BE 1 km, YEEEMHFAERR 1 km 3% 10 mx10 m BIRETT
10 MR, SRR FP T A SR S AT, S B
XTI SIS A TR AL I

1.2.2 SEHdE  HF5EIX 30 4 B93E 5 MK B
SHe VR T8 [ R4 SRy 4 BR K S A PG ( Global Pre-
cipitation Climatology Centre,2008) , £ i 25 {H AR AT
B8 1 A% R L R K B (X248 ,2010)
1.2.3 FERCRE SCESLIERCT 4 RO BESY
NPT SR EC T VP 1l EL ARG TRE R 25
(AR, R i 0 9 XORK 9 A A 9 LA+ EAE R
I ERMEY 32, BEHCT 2 Fp e R 1 B
LRBLYRR LI 4 FRR OSSR TR A Ak
P 7 () TP AR s Bl G ) ek K AR AR 1 i
F2008 4 6 H 7E T RYEE d FR VD R R A2 /N 4
11 ( Plantago minuta) 25 f VUK FF ( Tetracme recurva-
ta) SRPESE ( Lappula semiglabra) FIBEST (Alyssum
desertorum ) FPF , BEAYIFYIE 100 BRIEG 1Y
R, B A ARRT 5 2 ARARE T 4 C kA7
fEH.
1.2.4 Fhrikses 1) R AR, T 2009
A3 AT, B 20 KA oM 1 A3 ANEE, B
PRS0 E THA 2 2RI IE40 . B 90 mm
M RE SR ML AT K o ARSI DX A T e A
7 AR IRALER 43 B 5/10 °C \5/15 °C 5/20 °C |
5/25 °C 15/25 °C 15/30 C .20/35 C., AH#H K=
H, B KRG R T & 2F 08, MR K 57
KIEFHERE N & 2E TR C i & R, 4
RANFE A1 2RI, DARIIEA 72 2 A 7K R

2) HHOKFH RS, T 2009 4 4 HWIiHAT,
FRAEAIF 5 X A 18 5 7K 1 R KRR AR (B DA 286 246
2004 ) , SEHSEE 6 KA EE, SEE R YT E
HAWFSE X B s U TS, FRE 410 ¢ W F & T H
N 11 em BUEZE T, 410 FH B AT MERR A 12. 68 |
21.58 35.65.50. 6 .66. 74 F190 ml ZE4E /K , {ii + 15
SIKE N 3% 5% 8% 11% 14% F1 18% , 3£ 6 4
LR A 3 AN, RS SIRE R 20 KL
Fpf B FHEERZ) 1 em, BETHFRFAN IR R 15/
25 C BRI, A T i K AR R 5 R FRE
B RANFEZE R BRI ST

3) AN [F) Ak 50 B ) B B & SE 8, T 2008 4F 7

HA—2009 4£ 10 H #47, ¥ 53 0 5 20,50, 110,
270 470 d BOFhF & TOCRRE SR A0 N T & TR
15725 °C, bR A& S5 B O B BE 3554 3000
Ix,12 h OGHE/12 h ]I B R GE i+ 07 A BOT
BRI LA, A B R S8 Y Hrgk 6 d TFh T
WY & IR & SRR 45 AR,

1.2.5 HuiEabs R SPSS 16. 0 Xf A A EE , +
B KRR EE T W & R AT 07 22500, 9 Ori-
gin FBIERE . N Canoco (Version 4. 5) Z3#r 4k {F
VKA 0 (%) 22 B W RN M b 1) PR TR 4 g
1T HARAESE TR AEY) o0 i SR F R IR
ST (RDA 43#7) , 3f A CanoDraw ( Version 4.0) 1E
KR AR 58 iz

2 HRE5HM

2.1 BEHP RN

WX 67 AFEH G E A K B, 33 A FE M A
A RKHRERE , FEAT 25 Figg Fl it b - ] DLAE Bk 220
%K@ 13 AR i U R R R E £ 4
S 6 RS Bl RAFRL GRVRIZEER S 2 B, HR
BRHSA LR, BRIST AR Y PR B AN Ay 24
FhyFp 8 Ak (% 1) .

F1 HRVLEHEDEMEGE RS
Table 1 Number of species germinated in autumn in Grur-
bantonggut Desert

5 B4 TR

1 +E4R Brassicaceae oy Tetracme recurvata

2 BRIIT Malcolmia scorpioides

3 BEST Alyssum desertorum

4 I Malcolmia africana

5 INRAR Isatis minima

6 A Pis Leptaleum filifolium

7 EL v Boraginaceae T R Arnebia decumbens

8 PR E, Lappula semiglabra

9 TR Nnoea caspica

10 S, Lepechiniella lasiocarpa
11 AR E Lappula spinocarpos

12 gR Leguminosae R Trigonella arcuata

13 REUWE Astragalus oxyglottis

14 g8 Compositae LIPS Echinops sphaerocephalus
15 UNGE"] Cancrinia discoide

16 RAE Gramineae LA Schismus arabicus

17 Rl RER Eremopyrum orientale
18 PRE Cyperaceae FRET Carex physodes

19 HeAd- )LHAL  Geraniaceae R )L Erodium oxyrrhynchum
20 =320 Labiatae INEFRIIT Nepeta micrantha

21 BIR Papaveraceae INEFITH A Hypecoum parviflorum
22 Ki#} Euphorbiaceae VP Kk Chrozophora sabulosa
23 AR Zygophyllaceae  JEHE Zygophyllum fabago
24 ZRTRE Plantaginaceae INGERIT Plantago minuta

25 ARk Caryophyllaceae L& i Spergularia salina
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x2 ARERZRBIBETHILLHG
Table 2 Proportion of seed germination in autumn of dif-
ferent fruit type

R BEFECE BEH YA L] (% )
JH SR 18 0

JE IR 16 12.5

iR 20 30

B S 11 54.6

R 9 22.2

JNIR L 10 70

R 5 40

R

UL

*3 RDA HIFHIHFLER ZREEE

Table 3  Eigenvalues, cumulative variances of vegetation
data and vegetation-environment relationship of RDA ordi-
nation

HE P2 LLZNR(ER b B R R
Bt (%) TR (% )

551 0.511 51.1 98. 1

552 B 0. 008 51.8 99. 6

553 %l 0. 002 52.0 99.9

554 5h 0 52.0 100

2.2 FKIAEY IR SRS AY

A A B, AT X S 93 A A, Hiit o
PR SA 6 RPLHAKIHIHE, FAFHE
SR R R Hod 509% DL E YRR AR RK I A
10 Fh s SR S JE N IR G I 7 FaT LRk
(£2),
2.3 FKETHEYI oA S IREE IR G R

FE T R PR T R VD B A Y 67 SRR A
33 e BRI A . SR 9 F AT 10 H P
BIREK eI (R h | EH 5% pH (H,
A AT A A PR BT R 10 [ 5 Bk Rl i 22 B
MEEAT RDA 43#F, RDA HEFFROEE 155 2 B AYRRIE
{73512 0. 511 F10. 008 (£ 3) , AFE(EZF S fIr Ay
HE Rl SR AE (8 2 R 51. 8% . 0 Fh-3R5% B3
B n L5 1 FIEE 2 Sl BB R -3 6 AR
99. 6% MM B, HESS 1 B, SV T Bk 9 Fh 3 A 7
WFFE XA AR AR Ak, P 2B R AR R0
Yy Pl A3 A AT 2 T E RIS DR SRR R

x4 FEEFESHFHEEXES T

R R S (R 4) . BER— LB IR
K, R MBI DX [ PG ) 2R B R K T B A A
R 22 5 1E56 1 Bl ) R &R T /N
I V5 PR R RIUBRAR 25 B FK 2R B K A 22 1 X 3 3 A
B2 (K1), vt IR R I R K % e 7 7E Bk 221
R EZHRER I BRI RN X Z EER,
ST XA A 1) Fh 22 BE# 5 7K 73 52 TE ARG,
32 MG A58 1Y 52 ), — SL ) A 78 /N X380
Koy FE RS,

2.4 N[RIRLEE X R AP A 15 )

I 2 AR, 4 o BKCH i AR ) 0 7E IR BE
5/10 CHH A& FBAR, 5 HA 5 AL AL B & %
FAAEN 5 22 5 (P<0.01) o JEETT IS £ DU 4 57 BR
5/10 °C, HAth 6 MEEAAFEH E R IR EEF(P=
0.081,P=0.124), /NEHITE 5/25 C . 15/25 C |
15/30 °C BT B & F23k 5] 50% |, iR I Fi s i 34
AR K ZE, PR EFE 5/10 °CF LR 1% | bl
FIRFE TR, 0 &R 100% , (A5 IR E T
W &5 B, 15 B 0 L e w7 G B ) U A T

2
=3

lat

-1.0

-0.6 1.0

E1 BAERETHHEYSGESMEEFXRHOTROH
Fig.1 Redundancy analysis of relationship between envi-
ronment factors and plant species distrution

spl-25:25 FlEK BB FP, alt: V4K, lat: 25, long: 2%, myr: Bk Z %
JKL,EC: £HER T3 pH ., 5 pH {H, som ; HHEA L,

Table 4 Correlation coefficient between environmental factors and the first 2 axes of RDA ordination

g 7 0573 BhEREIK e SR +3 pH LI P
55 1 il -0.134 0.555 0. 709 0.610 -0.231 0.265 0. 264
52 il -0.454 0. 121 0. 042 0. 187 -0.036 -0. 158 -0.213
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Fig.2 Effect of temperature on germination percentage
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Fig.3 Effect of soil moisture contents on germination percentage
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ARRK TR W A R B AR, R WA BR IG5 i
B R I il (9 i 2 ] DA LARR T 25
FAET A SRR [A] B, b 7 T I SE T Y JL A<l
MR, 22 B S SNSRI A 55 | 2 W Rk
JRATHT B LR /N A R et ] By i R
KF 4 B A Y RD TAEINE S0 d JR EIRER &, Fl
T 2D — A R RS R AT %, Al
HHEIRT 4 TR A Rl T AN AEEARER

A 2 N A R S A B 4 Rk i A AL 1
5/10 CNAAHYA DR Tk, Hopl 6 i
JEAL PR B K R, RIAIX 4 M e A ) A2
BRI A 2T | B e T B — e T, EL el A B
BOATEZ ,— R b R Bl AR R 10—11
FIRKRAURIE AR N7 o B 6 F - H8 25 7K i 17 Uk
T 35 K AR <5 % AT B A R ARG AN
KRR ZHE A F N T, X5 RDA A4 2R
TR, KK I R MK B 90 B 23 A1 1 £ 3N, Beat-
ley (1967 ) I\, Fift 5B A AN T 4 198 v )l B2 A1
J& , M4BT A A O T SRR 1 B = Rl AY
WK R Bl TR )+ SR 2 S 4l i BRI AE T A
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TE IR EE T AR K HRE AL N TCA K SRRV FhT
HEATHI A (Mott, 1974) o Wity ZR FE3E ot s v 35 o S
[RUGRER T PR R |, 4 37 FIRKOR 2 A b [
IKELZZ IS T] | FIr LATE H SRR B v 4 L A A ) 1Y i
Jemf A FEAR e R A SR R S 5 h
IO ZR A AHIE I R L X W] & S0 & B I
JE 3o v 2 AR N A A AU R A mUM T B i A, AH LG
BINE BN ERN KRR, B ITn i TH
7= e 3P FE R BYIK ), 1 A R T AN
AT

AR5 RKH A AU T AT 18 5 i DR 2R
R T RS ARG I R 2R | e 05 e T IR
AR, IR AR A FD 7 i, LG R A SR
FEAE AN X0 I BE 7K S5 B WR I, AT DARBEHE b
RS RN R 225 1 JE A, 1 5 R R i AR o
BRI, RS 5 2O H ARan A B, BT LA & B [a]
FEIM T Y AERK M AE R 2, R 208 7 &
BT IR B I A I A 25 SO (A
MRANECEH, 1995 ) , 75 W AR AR DR A 176 i) 300 40 e T 3
REESHLAR K BPLH SR B R 2B RN
R T 5318 A AR SE T 5 BB A AR B T4 22 09I
T R AEFET A4l i R B AT S A AR b 1
PR R BYALH PR T A A 3 Y I R A
DABR RIS 1S I 2B 2 | 7V rh W) Fh B A5 7E 278
P14 A HH HIE 2 B T B TR X i A=A )3 0 g g DA
BN A R A A A Ak B () 9 7E 38 NV BE 7T ( Hampe,
2004 ) , TEBTHR 5 DX ) R K R B AR R
A% (B T B4, 2002) , IF HLAEAR K 50 ~ 100 4
B IAAR T BERF AR S 3G T, HLSE K38 i iy 2797 2 24
k275 (Piao et al. ,2010) , BRI L G BEE
R PR T R AR AT AT AR ey
FhFAERK =0 A AR AL 1A R 5, B LARE % [R] 1) 7E
E il ESIY A L R LR v e R SR v VAR
FEU A R S BUR R A SESE Y1 BRSO
A I b DX A 0T SR A, A BT R A SR BK i 4
RN TN R 2 B G A
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