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desert grassland-shrubland transition of the eastern Ningxia, China
YU Lu', GUO Tiandou', SUN Zhongchao', MA Yanping', LI Zhili', ZHAO Yanan', WANG Hongmei'* *
1 College of Agriculture, Ningxia University, Yinchuan 750021, China

2 Ministry of Education Key Laboratory for Restoration and Reconstruction of Degraded Ecosystem in Northwest China, Yinchuan 750021, China

Abstract: Two dominate species in the desert steppe with anthropogenic introduced shrub ( Caragana Korshinskii) in the
eastern of Ningxia area, China, Agropyron mongolicum and Caragana korshinskii were selected to investigate the seed
germination characteristics in soil drought gradients simulated by using different concentrations of PEG-6000, and to analyse
the plant recruitment dynamics of the disturbed grassland under global precipitation pattern changed. The results showed that
the averagely initial germination time of Caragana Korshinskii were earlier 14 h than that of Agropyron mongolicum and the
water uptake of Caragana Korshinskii was lower than that of Agropyron mongolicum, which were 201.21% and 293.43% ,
respectively. The germination rates and speeds of them increased firstly and decreased gradually as the osmotic potential
increased. The germination rates were the highest at —0.02 MPa, which were 28.67% and 44.67%, respectively, and the
lowest were at —1.2 MPa, which were 6.67% and 1.33%. The highest germination speeds of Caragana korshinskii and
Agropyron mongolicum were both at —0.02 MPa, which were 12.84% , 9.52%. The initial germination days of Caragana
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korshinskii were earlier 1—4 d than that of Agropyron mongolicum. The germination potential threshold range of Caragana
korshinskii was from —0.3 to —0.86 MPa, while that of Agropyron mongolicum was from —0.3 to —0.65 MPa. Our results
supported that Caragana korshinskit had more germination potentials than Agropyron mongolicum under soil drought
acceleration resulted from the shrubs introduction into the desert steppe and climate changed. The study aimed to predict the
plant recruitment dynamics of the desert grassland with anthropogenic shrub encroachment, providing the theoretical basis

and reference for sustainability of desert steppe vegetation restoration.

Key Words: desert grassland; anthropogenic shrub encroachment; drought stress; seed germination; plant recruitment
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B R MR S AR A AR T A A T R S X0 e R XUV R AR, (H PR T XK Y
HENGI AT DA IS (45 2240 AR FOARYD P RO L SR DL, A7 2R B XS LB W A DL Fh . BTtk AR5
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1.1 I XA AL

WFFEIXAL T 7 Z g A TR X Eh i B p B (37°5'—38°10'N, 106°30'—107°39'E) , 5Bk H 52 =4 XA
I, AR B R VD U, J8 T R A KBl 2 WU, I g T e I A I, A B R LIVD R A
BB ¥ ( Setaria viridis) J& TS (Salsola collina) 55 ( Aneurolepidium dasystachys) |1l JH ¥ ( Eragrostis pilosa) ¥
FENG L AT (Lespedeza potaninii) 24 F 5 AR T F/AF, HXKRIY 2, £ R K2 160 d, 4 FEK &
250—350 mm, R LZEPIET—9 7, HIRF R . LM LUK £ RS+ £ Fp it X E 2T
TS X PN DU BT SO 35 b ( 37°56'27"N, 107°00'37"E ) (K A7 2R TE B I A HLES
1.2 W55k
1.2.1 XA RHIAE KAk B

RIS ELT 2018 4F 7—9 H T 77 52 £h 3t E DU 3 b 57 5 B e XA T R R AR L IRV e R
F2 R F A DX N B A P P R B B MR A e SRR A LR DU i B AP B AT LS R T SR AR R AR TR LR
1, BREGHFFICE T 4 CTF ARG BT 50 A R 25 2% B 0138 ok ) B0 7 ¥ 5By 45 Bp XS LA A2
B o R 3ok JEE X IR A T S [R]EHRe  AR h O B E  AE R  R BE A ] 0.52% HC10, 14 B 30—60 s 5
FHZEMRK S A2 sk

F1 AEBEBILIDEENMFEE

Table 1 The traits of Caragana korshinskii and Agropyron mongolicum ( mean+SD)

it JER T 7N

The color and shape of seeds 1000-grain weight/g Height/m
P46 548 )L Caragana korshinskii W ek B 38.4£0.58 1.3720.18
VP FTEE Agropyron mongolicum R I 46.6+0.19 0.28+0.01

1.2.2 SEEW RS FFTK & & 2R

R PR FRMLAR & 2R R, PR OO TR R AN TR (25°C) BRI S F, HiRE 3 A EE B ELN
JCE 50 KA F IR EE IR E H Geit & 2R R ME R T R 2Eah3s . 7ok, 74538 6.12.18 .24 30,36 .42 48,
54.60.66.72 .78 84 .90 h i, F LA & 1 A& B /K B, DU i Ry BB A3 = (50 A ) FH U 4RI 4
Bz F 0K IR R 2 /NS5 3 07) , AR FIRoK 5 B8 A WKk i B A A SRR Y
1.2.3  Fh-Fiaab B

R Michel ™' BLHi 7, R PEG-6000 38 £ - BEXHFy 283 X8 JLANVD /5 85 fh 72047 T 2 Mt kb 2, 358
0( %tIE4H CK) .-0.02.-0.1,-0.3 .-0.6.,-0.7 .-0.9 .~ 1.2 MPa( 73 A4 T 2.9% 8.2% .12.5% 17.5% .20% .
21.1% 23% 23.8% 1) PEG W EE ) 4 8 A/K SRR, M — MR E 3 N EE B EE P& UE 50 Rk
— B MR, BCEAESUZ R AR O35 DRI L 55 DAk Sk 43 28 A b B, VR B S R T A A B AR
N TSGR GRS R 1.2.2 —F0) AT 38 15 d, AR 48 h SR H 592 ) N T A ZR B ZKOR ZE Rp 55 32 1L
IR BE , AR A K & 4 mm A4 B, ATIA R FCBH A0y, A ROULIN 0 s i R AB I . PPN R 115 )
A2 8040 45 85 & R ( Germination rate, G ) | B & 3 >R ( speed of germination, S) . 2 i & 1 K ( Speed of
Accumulation germination, AS) & 248 %0 ( Germination Index, GI) FI3iG J1 48 %4 ( Vitality Index, V1) , B A& 2 &f i
[E] (Initial Germination time, Gt) A F AR ZEBEFN B2 1 mm B T B [a]
1.3 ik hR
1.3.1  REBSEHXSFFH &S E R mR s e

Wik R c:%xloo% (1)
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SR R AR ASZT+7+?+“' +— (3)
n

;ff:':ij,Nl,Nz,Ng, ...... ,Nnﬁz}-%ljﬁl’lé‘%‘ LR 2R, ,%niﬂ@ﬁ%ﬁﬁkﬁ‘ﬁ
WILHRFL:  CRG = (N, + N, + N, + -+ N) +
W AR AR A _(Nl ><T1)+(N2XT2)+(N3XT3)+"'+(NHXT”) W

itEP,Nl,Nz,Ng, """ ,N,l%%u*é‘%lai\%zai, """ ,%niﬁgﬁ¥ﬁﬁﬁ%&

G
KRR GI=Y, 5’ (5)
o, G, IHE] ¢ RAEE &M, Dor R &3R8 KA
CWAE R & VI=GI xS (6)

A, S WF TR K
132 RIFRDKSOHF T8 & KA R 5

Gr = Gmgm (7)
1 +et
0g=-In(5-26)b+a (8)

K, 6m HIKE @=0 MPa N E KB R 2, o HEAT R KBIE b IABIREL, o it I B K S S
1.4 Bl br

FAEE G40 M b B 207 2200 107 B 50 A PEG e B B0 52 ikt Xof b 7 1 % 45 100 2 B 5% ), 2R
FHER IR 2R 5 22 53 7 T i e/ S 25 2515 (LSD ) SR 4B 4% W & S 807 [R)— T FE T AN [RIK S5k B 22 1) 1) 22 55 FH Il
V53 HT ANl PEG 3 R0HR BE S5 e RARI SC A IR S AU A 4 it 2 Rk PR AR g B A AR S 8 5 1A
T K BAE A PR S B (9 RE ), RN K Bk AR AT LU B P A g Ao 34522 51, B0HiE Ab FER FH SPSS 13.0
A 2R Excel A1 Origin 25 BIF AT 2400, EIZR il A B B L YHE bR fE 25 30K

2 #R

2.1 IEERM TR IRKRRE

FH 1 AT FE R — 8 N AP A ER G LBV P BT IR i & B [RIE R, 4300k 42 .66 h, LR A7 25 B8 XS JL AN
P EIR K 3245 H o 101.21% 238.77% , I WK R B A7 AR 22 7, F- Y WOK 34653 51 0.02 ¢/h 3.30 g/h,
Ty S A ) LI AAH R AR K AR T Vb o
2.2 VhPEL AP LA XS ANTE] PEG WA R

&L 2 WL Bl PEG Y B2 W T, PR AE B R 1 & R 1 55 b IS B 4 i 8 5 T 52 i 3a
(¢=-0.02 MPa) FAEAERG J LA P RERD 8 K e d iy, 43 3K 28.67% 44.67% ; HY H -0.6 MPa i i (%
TR (@=0 MPa) ; £ ¢ =—1.2 MPa BJ B & I Fe Ik, BB A7 SR B0 LB K2 (h 6.67% ) K T (
1.33%) ; Tb P BT K7 454008 LR T8 K R ITE @ =-0.02 MPa I iA K, 43000 12.84% 9.52% ; #7 45 Y
JUESD P BN 7 0 R B HEST  REER,

B 5 1 & B[R] A RE K (D 3) AP AR ER XS LAY 2 R R R B Ik 3 78 1—3 d NP L THIR IRk,
76 5d JF W F IR Horh LAVD A B R 28 (0——0.3 MPa) fc G ; 1 76 58 A8l & 8 30 9 2 78 0—-0.3
MPa N & 3 0 2 T H B E W (-0.6——1.2 MPa) ; 5 8 T 521l T #5503 LA T3R5 b T
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Fig.1 Dynamics of water uptake of Caragana korshinskii and Agropyron mongolicum
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Fig.2 Responses of seed germination rates and speeds to different osmotic potentials
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Fig.3 Impacts of germination days on seed germination
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Fig.4 Responses of seed germination days and radicle length to different osmotic potentials
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Table 2 Responses of seed germination to different osmotic potentials
T 2RSS JLH K AR U PRI KRR
g The germination index of Caragana korshinskii The germination index of Agropyron mongolicum
Treatment FPT R R % it E 31 [EWAE E BRI A % (i34 Ik £
AS CRG VI AS CRG VI
0 MPa 10.99+1.63b 28.01+6.05bc 123.93+65.26ab 11.21+3.19a 17.03+1.88abc 380.22+148.07b
-0.02 MPa 18.66+1.87a 32.26+16.73ab 231.06+35.42a 14.03+1.44a 16.79+3.70abe 411.68+160.05b
-0.1 MPa 18.46+3.69a 45.31+8.75a 123.93+65.26ab 13.85+3.16a 23.46+11.96a 551.17+20.12ab
-0.3 MPa 11.23+7.91b 18.25+1.77cd 231.06+35.42a 1.65+0.96b 18.22+3.09ab 687.13+£63.74a
-0.6 MPa 1.23+0.29¢ 10.78+1.92d 271.44+61.00a 0.49+0.35b 11.27+2.75bed 54.13+52.89¢
-0.7 MPa 0.44+0.04c 12.18+6.82d 262.68+283.28a 0.47+0.22b 9.14+0.83bed 6.22+6.85¢
-0.9 MPa 0.25+0.38¢ 7.83+1.62d 18.53+9.68b 0.05+0.04b 10.01+1.30bed 3.57+2.63¢
-1.2 MPa 0.21+0.18¢ 10.75+6.45d 12.11+8.96b 0+0.00b 5.13+4.44d 0.31+0.26¢

B AV Y A 22 IR — W R IRl — 15 & S0P AN R F 8 38R 25 57 35 (P<0.05) 5 AS . RN £ 3 2K Speed of Accumulation germination ;
CRG: W% # R R %L Coefficient of germination rate; VI: i J1F5 %L Vitality Index

o YbPNEL Agropyron mongolicum & FF4KRRY JL Caragana korshinskii

50 22 -
[ )
o 20 + o
40 o
J \\\ 18 G\
= e N ¥2=-36.50x, +39.93 E o y1=-821x;+ 18.49
230} h R2=0.77 = T R*=0.83
B = N \‘\ P=0.003 5 P=0.003
R.2 g 4t
5] oo
Eloop e =8 ol
g E
© oL »1=2089x+26.64 = 10} yy=-11.61x,+20.54
R2=0.71 LI R2=0.87
P=0.005 ° 8 I P=0.006
0F N
6 +
1 1 1 1 1 1 \‘1 1 1 1 1 1 1 1
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BB Osmotic potential/MPa
E5 BEERSHRKESAESEZENERESHT

Fig.5 Regression analysis of germination rate and radicle length with different osmotic potentials

2.5 BEFIEH LRI
H P 6 AT R AR ) Aol o K e 1WA BT AN ) %o HCAUL G i i A it e 07 AR ) b < Fr 2 A8 L. y =
20.66 34.66

—— 5 (R*=0.85) MK #EIE N -0.3— -0.86 MPa; b7 RN 1y = ——— (R*=0.94) , HoK S4B {f N
1 + e-o138 1 + eooms

=0.3— —0.65 MPa, FH It AT RIFT 25 H0 XS LA VD 7 Sl 5 HOK S BB, SR G AT I e B 300 (L5
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3 Wit
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JOE AT ST R X, K A3 14 T R 5 A A 12 b DX AR AR ) 5 AN AR ) 2 TR 34 5 5 e 7 11
DCSHIE PR, % R ARG B TR 2 AR S 45 SR rh b P R 0 2 B 0 /K ek 0 ey A 2 A
JURhF LR R AR T 2 H0G L, 33 5 0 2 222 A5 A 90 2 SR A — 2, DR 0 9 i % B 5 S A Y
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http ; //www.ecologica.cn



10 T AF U ) E A B AR 1 R P PRI SR b1 A B B R 4167

45 VB Agropyron mongolicum P45 8808 )L Caragana korshinskii
r -
- 0402 286 " m n 04055
y=34.66/(1 + ¢ 005 ) $=20.66/(1 +¢ 0138 )
-, / R>=0.94 R*=0.85
X ¢=—0.3 Mpa o1 b
o 30+ [
% 9= —0.3 Mpa
X
=3 14 ¢
§ 15 +
9= —0.65 Mpa 2L .
= p,=—0.86 Mpa
| ] / ¢
"
0t 1 1 1 1 1 1 1 0 B ! ! ! ! |\|
0 -02 -04 -06 -08 -1.0 -1.2 0 -02 -04 -0.6 -0.8 -1.0 -1.2

51& % Osmotic potential/Mpa

6 BEBNHEENFI

Fig.6 Impacts of osmotic potentials on germination rates
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