55 39 45 6 W] *E &~ 2 Eild Vol.39,No.6
2019 4 3 A ACTA ECOLOGICA SINICA Mar.,2019

DOI: 10.5846/stxb201804050770

INEHE, IKRERLL, by =, i, ZET5 388, SR Ak KA, 2280 FROCIE . K1 5L ( Stipa bungeana ) Fh - 2 5 H B X G B PRI DR - (g o i A= 2525
#,2019,39(6) ;
Sun Q L, Zhang R H, Yi S G, Yang L, Li Q Y, Zhou J H, Lai L M, Jiang L H, Zheng Y R.Responses of germination and seedling emergence of Stipa

bungeana to key environmental factors. Acta Ecologica Sinica,2019,39(6) .

KT E ( Stipa bungeana) FFig & 5 H E Xt K INE
(& -F B9 i) iz

N 1,2 1 — 1 | 1 2 1 + 1 2z 2 1 2
FhFEMm? ke, H AN ', Faa A& Ras kAR AT, F
i
1 EREBE AT BT A PR IR A S8 %, JE Rt 100093
2 P EBRERL R I 100049

FEEE D1 W AR AR T S AR DGR B, XA A 5 i BRI S S A A PUE VR, R SR O v BT K
Hi( Stipa bungeana) T & XS G IR AR EE K AFIREE , AR 4l i L X5 bR BE AR iy ma 7 o DGR IR ANREE B 3h
A KA R DR IR RS RS 3 AL BN 5 AR AR 3 (5C 1 15°C  10%C : 20°C L 15°C :25°C ,20°C :30°C 1 25°C .
35C) (K. &) ;iE 11 Kb 3E(0,-0.2,-0.4.-0.6.-0.8 -1 ,-1.2 -1.4 .—-1.6 .~ 1.8 MPa F1-2 MPa) #1 5 MHEIEALFH( 10,
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germination, and the influence of sand burial depth and water availability during the emergence of S. bungeana seedlings
were studied through controlled-environment experiments. In light-, temperature —, and air humidity — controlled growth
chambers, we set up 3 different light treatments (light, dark, and continuous darkness) and 35 alternative temperature
treatments ( night:day, 5°C ;15°C, 10°C ;20°C, 15°C ;25°C, 20°C :30°C, and 25°C ;35°C ) ; 11 levels of water potential
(0, -0.2, -0.4, -0.6, -0.8, -1, -1.2, -1.4, -1.6, -1.8, and -2 MPa) and 5 constant temperatures (10, 15, 20,
25, and 30°C) to study the effects of light and temperature, and water potential and temperature on the final percent
germination (FPG) and germination rate (GR) of S. bungeana. We set up 6 sowing depths (0.5, 1, 1.5, 2, 3, and 5 cm)
and 10 water supply regimes (7 single water supply regimes 2.5, 5, 7.5, 10, 15, 20, and 30 mm; and 3 multiple water
supply regimes 2.5, 5, and 7.5 mm/3d) to study the effects of sand burial and water supply regimes on the final percent
emergence ( FPE) and emergence rate( ER) of S. bungeana. The results showed that light promoted the seed germination of
S. bungeana. There was no significant difference in the FPG between dark and continuous darkness treatments. Most seeds
of S. bungeana germinated quickly and germination occurred in the alternative temperature ranges of 10°C :20°C and 15°C .
25°C. The optimum germination temperature range was 15:25%C. When the temperature range exceeded this optimum, the
FPG decreased with increasing temperature. The seeds of S. bungeana could not germinate when water potential was lower
than =1 MPa. FPG and GR decreased with decreasing water potential. When the constant temperature reached 30°C , few
seeds could germinate. The FPE and ER of S. bungeana were close to zero under a single water supply. FPE reached 50%
under the water supply conditions of 5 mm/3d and 7.5 mm/3d. A multiple water supply of 5 mm/3d or 7.5 mm/3d was
more conducive to the emergence of S. bungeana than either a single water supply and a multiple water supply of 2.5 mm/
3d. The most suitable sowing depth for seedling emergence was 0.5—2 c¢cm. The FPE and ER of S. bungeana were close to
zero when the sowing depth was greater than 3 c¢cm. The overall trend was that the seedling emergence decreased with an
increase in sand burial depth. When the water supply was 7.5 mm/3d and the sowing depth was 0.5—2 ¢m, the emergence
was much higher than that in other treatments. Reducing the disturbance of the surface layer soil through human activities
and increasing soil moisture in surface layer soil should be effective ways to promote germination and seedling emergence for

S. bungeana.

Key Words: Stipa bungeana; temperature; light; water potential ; sowing depth; water supply; shrub encroachment
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Wb Tl K W 22 e B S IR f 3R Rl g m B IR SRR R R i A RSN P — R HA T
WEE IR N A BRI &, B R IVE AR TR R R TR i & KRR i
KR — AN EEREER T E—EBEN (1.7%—14.7% ) F 7 & 550 R 5 23K RIE e R K
FERR i R B IR R G E R . TR TR B (PEG, polyethylene glycol ) A8 %F 12 4 fifd B |
HoMEMEY R 38 %1 5 43T RR I (PEG6000 ) ¥ A BER T 19 5 U 58 K 350 Rl 7 & i s )
T A VD I RE A% KGN Rh 5 b S A T AR R e ] L ) - SRR [T T L sl AT - R T U Aok v T
0P TR, BRI 24 VA R Rl & AR R VD HAE 2—6 em YW N KB Al T B RE
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P52 SRR 22 e A T v R R Ja R R T R T R AU, KSR (Stipa bungeana) AR
ARBHER P B 2 A R R R R BRI ORI K R R RUR SRR 2 e SR
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1 #RFFE

1.1 W5 IXHESL

ERIR ZWm AL T NS FIE X T (37°35'—40°51'N, 106°42'—111°27'E) , #E4K 850—1600 m, 4t
TR L AR R ] S VA D 2 R X, R LR T D A3 B A R OB 55 A AU R R
JRAEME, 11 HE 3 A ASRE R 5.8C .4 HE 10 AR 7.4—21.9C SR — A 5.5—7.5C 2 Jal,
AEREK R 150—450 mm, [ 25 [\ P9 3% #7080 /0, 93% [ B K & A HE 4—10 H , 4F 78 & £ 78 2200—2600
mm "> A 6 R R 2R 1) P AR
1.2 Wik

SEER PR AT 2016 4F 9 A AR R A TR R 2 R A IS (39°29'N, 110°11'E ) . W 3T
53 SCHIAF ) ) 35 A2 2o FE 0P 4 R 0 LA S Tl A T 38 0 3 b BB AR P B R VR A 10 4> 10 mx
10 m PFEDT , FEREASRE DT T BEALEE IR 50 S Dh_E AR PSR R, R BUCA K TR, SRR FIRS)E
TENHR TR TE ACHZM T A 2T I, ST AT, B o R 0.52% IR IR FM 7 W 3R
TVHEE 1 4040, SR 5 FIZE /K h R LUK, bk S B FERh 7l R S A b A S 5 AR, B
FE M 25 Kb, BRI OEL, WA, MRl & . SERGFRLR BN B P i A 1k
1.2.1 R R BE Foh 7 Wi & B4 5 i)

SEBGAEMR AR A S AE K ER AT, SR A AU G 5 LA G IR A 46 3 Rl 2, e
5, KE R MK, S50 45 ARG 2 Fl 7 W A 1 0 5 B S  BE 3R MUK, A RAG A b7 R 1B O s 6 IR R A&
PENCKT AT AW (14 h YEIR 10 h 2REE) FEifil, 6B % B0 125 pmol m™ 57", AR T RIXFEEF T &
B} (14 22 47 S 25308 8 J s A i 2% , [ Bt 25 SR 7 8 & (0 S AR AN e e L) IR S B IR AL B, 4 1R
5°C :15°C .10%C :20C \15°C :25°C ,20°C :30°C #1 25°C :35°C (& Mal . 1K) .
1.2.2 KSR Fh 7 & 59520

SR EL 7K 3 (0w ) B 2, I 6000 ( PEG6000 ) F IR0 P2 FLRPF HEATAREE ) 805 11 /K3 B
Sk 0.-0.2.-0.4 .-0.6 . -0.8 -1.0.-1.2 1.4 ~1.6 . —1.8 MPa #1-2.0 MPa, /KI5 E 5 N6 b
FE(10°C \15%C \20°C \25°C F130°C) , LI AE Jams S0 Nk T, B R KA P T RGO, B R R I 2y
SOYZ KR, K B E AR B E AR
1.2.3  VPHRYEEE AL H T 0 R

SEHRAE 15°C 2 25°C (FIE) : FAK) , 125 pmol m™ s~ 6B i % B N k47, SCI8 FHVDEL A S0 /R 22 s R 4
BRI, 3L R BR AU , £E 100°C 2544 N HET 48 h, AL P REAEAE AR 2R 06 SE 50 (o FH SRR AT
24 (1% 6.8 em, 5 16 cm) |, Fol £ b BT (4 V01 30 70 B H0URC B b1 (0 R 7 ', 36 5 K 2% 2 4 B i U0
T, I RE ORI o BaK B TP+, A 2 HEK AL, HEK AL 84iJe e ™, B Ik 4> 3 i
[ SR VFHE R Ky, BER B RO, (R A2t — 3,
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URHRIE R 0.5.1.1.5.2.3.5 cm 6 M0FE, /K E HHIK 2.5.5.7.5.10,15 .20 mm F1 30 mm FER ) 7
IR IR A A PR K B4 50 9.1 ,18.2 . 27.2 36.3 .54.5.72.6 mL 1 109.0 mL;i% & £K 2.5.5.7.5 mm [%
W 3 ARG AR Z R KRB B 3 RIEAK—IR, 2 A PR K 535102 9.1 18.2 27.2 mL/3d,, iHEAX N .
wx(d/2)*xh/10, Hh d A FEAHIEEAR N (em)  h AHRENE (mm)

1.3 Sitobr

SR FH R 240 R 4330 (B A 402 R & 8038 (HH i ) IR P R 1 i & S5 i s ol .
LR H R (R E A2y SE g 8 b & sl R i A R0 7SI A R R A A L B R
B (L R ) R R AR O R s DU AR B TR A SO

1006,
WREER (V)= Y, ‘

Ao, n ACR A LI AP R TRCR, G AR 1,(1,= 0, 1, 2, 3+, oo ) RAYH L i, 0 iRk
HH R R R R, 0 W R R R R R

FESEAT T 22 Wit , Je X BE AT 07 22 P MRG0, Wb B, PR A T S IE 3% MR AR e, MR S 0618 3
HEAT IS, FEA T A G m OB A 3R 75 22 341 (ANOVA) | J5 22 FFHERS R Tukey K390 04T 22 6 UL, 7 22 A 55 2R
FH Dunnett’s T3 K30 1E T2 5 LA, B 5o WP b 31 ) 1) 22 S 3k 3 0 /K70 T Ge it A 38R I SPSS 21.0
BAFEAT >R H Sigma Plot 10.0 /EA]

2 #R
2.1 JRE SR PR T HE & AR

WK 2R 7 223 Wt SR 26 W, B RN FE K T B b1 e X & 1 20 R A & i SR A g 5 5 IR A
MR 22 BAE XS 1o B AT B 280 & B 4358 B85 ), Xl R BURTC B 52 m (R 1) .

F1 BEMERNKEEMFHIEWHNEZFTESNF E

Table 1 F values of two-way ANOVA of germination of Stipa bungeana under different lights and alternating temperatures

[HZE & Dependent variables

s it
Independent variables ar TR o ar Wi AR

Final percent germination Germination rate
JtHE Light 2 20.999 P <0.001 1 16.253 P <0.001
H3JE Temperature 4 164.572 P <0.001 4 154.996 P <0.001
SR
o 8 4.484 P <0.001 4 2.310 P >0.05

Lightxtemperature

df A H M, P AR

L PR RS SRS A L B IR AR A TR PSR I e W R A ARt . 7RG B ALR IS &1, 10C .
20C | 15°C : 25°C Bf R T RERhF I e AW R H A i 3 s T E AR R A R R F RO &0 & H R, fEFFS:
MRS SRR ) 15:25C R BT R [0 Bk, 7R T 15%C . 25°C I, G IR | B S A2 BB 41 T Fh 7l &
G i R T R T s R i R B B B A A R R LT R, A 25°C 0 35°C iR & &
HAREAMG, B SRR BRSO RA R AR L EEER(’ 1),

TE 5°C  15°C R GRS PR ISR F iR AW K A 3R 2 TR R AR S R A T AR H
I3 HE 10C . 20°C B DEIRAF T RIS H A T iAW & H /R B35 5 TR B R F T & A 0%,
HBARRAIET GRS T AR B 200 & A 73 80 5 TR A T R A R A R HERIFA R,
BRAEEREZME T 10°C :20°C Bl 2 i A B e K AEL, 7 20°C :30°C B IR 55 B 2 1F T Y i & ok o 22 S I 3
Ah IR BE G REXT R 1 R B R R ) R R S R HR A R A R I I A AR (’ 1B 2)

2.2 IR EEFK BN R0 K )R
T E RN K 34 K W 2 22 8] 9 28 H AR A P R T i 200 1 43 RN & sl R B (% 2) |
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E1 ABMEENKEEMFRLHXBSENFNE
Fig.1 Effects of light and alternating temperature on final percent germination of Stipa bungeana

ANRING R R AR AN R R A BRI 77 AE 25 22 57 AN R RS FRE R i A R G IR AR BRI A7 £ (1 3% 22 5% (P<0.05)

o7 de 205 % 43 S Bl K S R BRI B AIG , 76
PR T ,0 MPa 5048 F R R R & 0 & B 4y F i
o MAKEHK-1 MPa AKX T -1 MPa B R4 Fi 7 fiE
MEHI K, $7-0.2,-0.6,-0.8 ,—1 MPa 7K F# 1 5
LB R 4r AR 15°C WA B KAE AN, He 5 K35 5%
T R IR 207 & 53 FAE 10°C I 2R R B,
TR Ry 30°C B e i kA R i T 0(32 3)

F P P R 3 238 0l R K S g i 7 5 e %
[ AR
2.3 VPHEAMI RO P T A5 R

VPSRRI K B W 25 22 18] 1) 28 AR FH R 15 e i 28
I E R AN BRI B (R 4) .

LUK ST B E 3 m TR ALK
FRHEK 30 mm B KSR R D LB R K SR
PR KRR . ZRMIKHR 2.5 mm/3d B,

6 r
Aa - R
5t — B
% :
RE’
S 2L
© Acd
b Bb
AdAc
0
5:15 10:20  15:25 20:30  25:35
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B2 XBMEBENMKEEMFHERERNZMN
Fig.2 Effects of light and alternating temperature on
germination rate of Stipa bungeana
ANTEINE FREFRAEA [8) B A BB A7 A 35 25 5%, AR KRS
TR RAEAN R e R Ak BR8] 4775 .35 22 5% (P<0.05)

KRG, 20K 5 mm/3d F1 7.5 mm/3d B, 7E4 D VP R K22 B R B (B VD IR =3
em Bf R P B 20 R B TR VO IRR B R 5 om B, K RLERBEH G, YHEEE N 0.5.1.1.5.2 em
B, K R R 2 P R T VD HE R I A B 2 B R (P<0.01) s VPR R 0.5.1,1.5.2
em I A AR ERARE KR 7.5 mm/3d B89 H T E 2R T 5 mm/3d B E R,
SR RIS B A BT 4 R B VD R EE A R I R, ZE K R 7.5 mm/3d, YRS 0.5—2 em B B

KA R (E3) .
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x2 BEMABNKEEMFHRIZMENERTESN FE

Table 2 F values of two-way ANOVA of germination of Stipa bungeana under different constant temperature and water potential

SR A7 Dependent variables

Independent variables df W % H 433 Final percent germination iifj & 1% %% Germination rate
1R Temperature 4 155.195 P<0.001 181.768 P<0.001
JK# Water potential 10 231.201 P<0.001 246.973 P<0.001
VE E %] E?

I Bk 38 40 29.39 P<0.001 35.887 P<0.001

TemperatureXwater potential

x3 BEMABNKEEMFRLHERESEZMNSELLE

Table 3 Results of multiple comparison of temperature and water potential effects on final percent germination of Stipa bungeana

TR #E Temperature
Water potential /MPa 10°C 15°C 20°C 25°C 30°C

0 77.6+4.7Aa 74.4+5.7Aa 68+4.2Aa 33.6+4.1Ba 4£1.3Ca
-0.2 63.2+6.4Aa 73.6x5.2Aa 62.4+4.8Aa 1.6+0.98Bb 1.6+0.98Ba
-0.4 58.4+9.5Aab 52.8+3.2Aab 27.2+2.9Ab 0.8+0.8Bb 0+0Ba
-0.6 16.8+7.1Ab 38.4+£3.2ABbc 4.8+3.2Bc 0+0Bb 0+0Ba
-0.8 3.2+1.5Ab 9.6+4.7Ad 0.8+0.8Ac 0+0Ab 0+0Aa
-1 0+0Ab 16.8+5.1Acd 0+0Ac 0+0Ab 0+0Aa
-1.2 0+0Ab 0+0Ad 0+0Ac 0+0Ab 0+0Aa
-1.4 0+0Ab 0+0Ad 0+0Ac 0+0Ab 0+0Aa
-1.6 0+0Ab 0+0Ad 0+0Ac 0+0Ab 0+0Aa
-1.8 0+0Ab 0+0Ad 0+0Ac 0+0Ab 0+0Aa
-2 0+0Ab 0.8+0.8Ad 0+0Ac 0+0Ab 0+0Aa

FPBUE N T AR ER (mean+SE ) ; R FI/ING FREFR R RIEEE T AR R K $kb #1025 55 8 25 AR R K5 S8 78 A [RK 3 S R B
Ab B ) 2 53 B 25 (P<0.05)

R4 HKIMENKEEHERMANERTESN F E

Table 4 F values of two-way ANOVA of seedling emergence of Stipa bungeana under different water supply and sand burial

[KZF i Dependent variables
£ 75 5 A 745 & Dependent variables

2 HL
Independent variables dr A Hi B R
Final percent emergence Emergence rate
YR Burial depth 5 25.527 P<0.001 26.615 P<0.001
HEK Water supply 9 185.746 P<0.001 172.559 P<0.001
IR it ]
AL 45 13.293 P<0.001 14.234 P<0.001

Burial depthXwater supply

FE R DI A K By e 0 5 e B E R AR B BREZ MK 5 mm/3d A1 7.5 mm/
3d B KU E T EHCR R A, R ORI R L T 0, FEZ ALK 5 mm/3d A1 7.5 mm/3d 4%
BT 0.5 1,1.5.2 em B H B R B 25 = T HR 3.5 em B H 3R (P<0.01) , £ 7.5 mm/3d B, H
R (K 4)
3 iFig

Pl 7l A A TG S A S B B, AR X A SR BB IR S A R A s 3 2 — P AR R kAR
Hh Bl N T A T BR A A RN, A (AN L P, AR v T X D i R AT R R A et
R O T 3 v AN R B R R TR i & AR SO SRR E 10°C :20°C—15°C ; 25°C i B 3
A, KRR Tl R PR HAE Y, 15°C 2 25°C KB B R 1 0 f 3l i R TR

FEHE MR T8 & B2 IR R 2 — 0 B s , AT REEOM 7E R R B 2R 5E b, Fb 13 5 oG
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B3 BRMAgANKEERLALEE S RHNZM
Fig.3 Effect of burial depth and water supply on final percent seedling emergence of Stipa bungeana
RRNG TR IR AEA R K AL BRI 7 75 3 22 5% (P<0.05)
4T KOS em . 1 s em
3 T 3
2 2
ab
1+ b |_T_| 1
§ 0 L | 0 a a2
3 4r P cm a 4 PR3 cm
53t T
g 2| ab 2
&)
% 1 - ’l‘ 1 - .
2 = 0 PR SO e B !i\
= 4r LS cm a 4t Y2 cm
3t a2 L 3t
2+ 2L
1+ 1t
b
0 S W T 0 P——
25 5 75 10 15 20 30 253d53d 753d 25 5 75 10 15 20 30 2.5/3d5/3d7.5/3d
fit7k & Water supply/mm

B4 ERFEAITHKEEH B ERN I
Fig.4 Effect of burial depth and water supply on seedling emergence rate of Stipa bungeana

ARING TR IR AR SO AR BRI 77 5 B ¥ 22 5 (P<0.05)

UM A B 003 M, TS SRR Bl &, A T8 TR R Tl &R IR T ROR W], R R
(Haloxylon ammodendron) (7] FHA% ( Populus euphratica) G e N N | IS W) 5 5 B XV ’I\jr(Pugionium
cornutum>[29 \‘/miléjw'mffﬁ?%k/\ﬁ%ﬁﬁﬂﬂﬂﬂzm,q%jDJIJIEéI,Y FTﬁﬁﬁ)‘ﬁ,‘\ﬁgﬁﬁf ThE FhF 8 & 32 3
IR BE S, AR SCEE IR R ' BN e R i e HAT DR EVE T o 1l s R R A e B O, i s
7 LI B BT AR L A BRI TR R A, AR TS R R TR &

IR R T T R IR & A R AR S R GRS 1 BB R R TR
EARFGURTY . PEG VG 2 30 b1 A WK S R I R i & Y Mt — MR Y PEG W TR A X4
T T ™ T R A E i A R OKE T VR 2 RS R WA TR a0 i R, R TR R TR
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P B R AN SCAS AR R R A B K A R AR AT ARG o i I P I B I Y T e R
W 30°C I AR R TRERE I 4

FEVD FEAE s T A AR 22 D 2R R B TR RITREE YD 1o B S bl A . i TR0 | R
THRAF ISR AL T U0 T R AR T AR AR RARTY  (E M VI R R AR A 4 2 BRSSP A 2 B
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