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Research progress on the effect of biological soil crust on seed germination and

seedling establishment

WANG Ning, LIU Jun'e, ZHOU Zhengchao *
School of Geography and Tourism, Shaanxi Normal University, Xi'an 710119, China

Abstract ; Biological soil crust (BSC) plays a very important role in the terrestrial ecosystems, especially in the dryland
ecosystems, where BSC occupies open ground among seed plant patches. Thus, the development of BSC must be an
important factor that influences the seed plant recruitment process and vegetation spatial distribution pattern. However, in
the present studies, there are lots of debates about the effect of BSC on seed dispersal and germination, seedling emergence
and establishment. The reason for these arguments is that the effects of BSC on seed plants depend upon comprehensive
impact of multiple factors, such as different climatic conditions, soil types, species compositions of BSC, species
compositions of seed plants and the different combinations of these factors. In order to well understand the research progress
on the effect of BSC on seed germination and seedling establishment, we searched the literatures about the relationships
among BSC and seed dispersal, germination, seedling emergence, establishment. The related literatures published both in
English and Chinese were searched. We reviewed the influence of the surface micromorphology caused by BSC on seed
dispersal ; the effect of soil characteristics ( physical, chemical and biological ) changed by BSC on seed germination,

seedling emergence, survival and establishment; the mechanism of the influence of BSC on seed dispersal, seed germination
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and seedling establishment, based on the seed shape characteristics, seed germination and seedling establishment traits. The
potential reasons for contradictory experimental results were analyzed. In generally, to conduct in —depth research,
multidisciplinary experimental approaches should be used. The microscopic studies such as molecular biology, plant
physiology, biochemistry and the macro & medium scale studies such as remote sensing, field ecological factor process
monitoring, controlled experiments should be combinatively used to study the mechanism and process about the BSC
influence on the seed dispersal, germination and seedling establishment. At the same time, under the background of global
climate change and frequent occurrence of disturbance, it is better to introduce simulation and prediction methods in related
study fields such as hydrological model, climate model, population dynamic model and others to predict procedural effects of
BSC on seed dispersal, seed germination and seedling establishment. And then, this novel study approaches would promote
the study on the relationship between BSC and seed plants, and deepen the understanding of the law of vegetation

development in arid fragile ecosystems.

Key Words: biological soil crust; seed dispersal; seed germination; seedling emergence; seedling establishment; plant
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Fig.1 Model diagram of the effect of biological soil crust on seed germination and seedling establishment

BSC (AN 2S5 R ) T BB TR 32/ 2 (R R AL B 5200 , BSC. T 43 A 6 1) 285
B, BRI R B R AEAEBA R T S IX AR5 B, OB ik 3 em, RAETE R IR TDEL
INIRBEIRES e IE 15535 15 em, Y IRTE IR VD 5 JBOIR S8 S AR FEVe Y TP I, 1325 4 0K (H iR AR - 5
55 )2 N SR 2 W e B BRI TES em 22450 0 S R EL S B0 A 25 e 18 I T R DA THT 3 2R 7 XL
B, Fofr 3 fb ) 300 A% B HAT AR AT ) A SO 55, A A BRI RER T /NI BER 45 Bz FNCIR 25 e JUJ 58 o 1 Ao
TR ER LS R AIRGS B PP et

BSC 28R K I B, 5 0 R OB 25, 1 T 5% e R - AR 4 2020 . 7 B A% PR YD AR I Gk N T 1T VD A 4%
X, b e R W LA S LR 1) BSC 7EVD 1R EE L T — E B R “ 4727, i TR VE T, Fh 5 AR
5 BR AR &5 He 2 T 1 , I 32 B AR A e HURE 09 v+ F A A B0 AR W) AL E R (AN B VD E Artemisia ordosica)
T I, FEAE B S F IR BSC BEHLER A 1 A B b A A BB A R O R IO XY TR
BIRAET  BURSS K2 EFh BRI R A AL 4E . TR AT 7 1565 B BSC B 0L B
)2 I TR SR B Sy s IR E TR ZR DB A S, s R AR I 2 N2 e e T D 3 2R Y X
Wi, FEELE KRR , LA Hm AR I RAE T o A% YD BR B G BRZRKID V0 Ml - S b PR A 3 B 4
R B TR R T BPAMAY R R, M e R BT T RS R RS R R T O A
MAEARZ I BEE  EILT-BEA R 5546, BSC PoA: M AN R A WL vl 2 H IR Eh B Oy e ik ik
Wi 2 B TURR S H A T 10 (BN, 6 R84 TR 223008 ), DTG I B2 5% i Bl 7 AR AE A &2 L 2, BSC
BUB R WOE S M Fh 1 ORAF AR B 5 DA R

F—Ji B B BRE, AR R (2 R SR VA RIS AR RE SR S BSC L[]
VR SE M P25 [R] A3 A5 0 ) T — S5 Ja AR A0 10 BB R LA TR T 2 AN BRI O o, B 2 a0 245 B )22 T i
FORAT TR —LE ER R S WA RE T BORD - BRI AT 1 S R ES & M IRAF Bl 2 . 1A, BRI/ FH s
W) 22 SR L ] £ P e P IO Y R R SRR L5 B R W (e ) RN SR
TEAESZH] BSC A e L BB LL 58 5 BSC BEHURAF T2 KR 7, Fr LA, FhF-%F BSC (¥ 1o/ i
B H I AR SERFER AT . XF T 1 s SR MR AR 1R S R GE, 588 BSC RERSBH 1E AP Wy b 1 o - 3k
N T3 sk S b 14 K SRR 2 LR S S ke R

BSC X FA&4E ARAF AYRIFSE 2550 A N (R (oA 458 1) - S0 PR R A 45 21 anise B IR i T4 5 =X, )
TR ARG B, B 0 A AR R ol BT AS [ b R R S AR AL A R IR AR A (1
A&, BB AR vii) XU RS2 8 Z AR+ E kT, %8R| BSC it /b, [ it & & A BSC
Rl A28 T AR ORI, B O b 7~ 1R S e 1) g 2 LR R B Z R AT SE . A IR BIFE b, 0 B 2 A

http ; //www.ecologica.cn



18 34 ETAF AW RS B R T A A AR A R IS 7467

U LRI ST TT 2 48 BSC ARy bR Jm 1, JE AT A S WO A W o, S B Y | B A A DAL AR
b TGS T BSC X FhF&48 120

2 BSC Xf#MFEL S H &R

BSC XSl A i B 1) S0 — EAFAE R i, 52 3 45 B WU Rh 20 180 45 B 1R [ B AU fe | 3% A
FhF IS LSRG 55 1145 2R R R A S A2 $EVE T AR VE PSR S ma Hh e [R5 v
2.1 BSC EAEAFHIORR 81 % 5 A B8
2.1.1 YyHEHS

BSC BA Gk MEF— i (R DR FE | > 50 B B 45 B R T IR A3 I TOY A 45 14 R B BE LIRS & 1 A 2
W ER AT B F R 2 S Z B GUE R R Y L BSC RORHEY (M | & EERC TR AL T4 ) AT LABH A5 -2
K, TR T TR B A AU P A o R b A 5 R A - R T ML DD R S R
B, BAT K A3 0 107 b S0 ) LS T b A i 1100 B R 3 g O AR TR AE S R fi
MRS IR SR TR AA N 7 AR AT — S 2 RhIR A AR K IE U BSC AT VR 2RI HE | T 1 R /KRR 910
SEIX, BT ol A0 A 4 5 ke LA B K oA 385, DT R g &

BSC Z #1405 , H ] H i Ml i 2 RS20, Ui B 52 4 09 BSC X 71 & | i A B 0 9 61 7
FRPNED L TRIA A AR B, WA R A S 4 R A AT S AR R A R 2R RN X R )
HRRH AR T 4 0 R R 22— A MU T4 BSC IR AR RETEBR LA o2 Y Hok, Fip
A7 BRI R A AR EE BRI, i An SR A 45 K2R, D00 1 23 Gl 2 B0 5 7 Ll 3 485 e )22 448
R LR BT 3 T AR B 45 J Z I i LR

AN A FEFD 1 K SN R] —SE R RS AN HOAE BRI 25 A R R ZF T4, R BSC 2 X G BRI
BHAS PR T 40 T4 2 2 FRFhFig & Fh 525 BSC Yy BREERS R0 | HEIR B & (I R] BSC X % 28 E]
S ] RE R T X R 28 & 2R SRR ) (i A5 R & e S, 3 K | B s b T 2R R T TR A KU
AT,

212 fLRAEH

FRE BSC B AERE ) 3 I W) FOUR LR AR BT 52 2% 220 ) X b1 6 7 AR AN [R5, F 5 2 1L BSC X il
T & s B R SR B AR 2 5 8 TR I 7b 22 4 ( Exopolysaccharide EPS) A 411 il 5 2848 ) 18 Fb 7 i
YA} Enneapogon cylindricus X HIAK W BRI ALY A EPS HA — & B BUSE . 76 K6 e, 18
WAL BN & AR N, SRR WX B AR RN Hordeum jubatum B & FVAE K A4 4 F ok, J&
FHEBEEE R AR R AR A AR T U R TR B Y AR b 2 R T R 7 A R [ RO, L A
( Microcoleus vaginatus) MR 5B ( Scytonema ocellatum ) W MBS Z2 XL B35 ( Salsola subcrassa ) I Fp ¥
B & BRI B S | vk BE AR UEAE ), MK B ((Nostoc commune) 84N 22 WEAAE 25 e B2 sk o AELR R B 28
A1 A B R EAE H BR A DA AS e A0 AR EE X /NAE TR IT ( Nepeta micrantha) \5iEL 56 ( Hyalea pulchella ) Fif
TR EAMEIER, B, B IG T 5T & I EPS ST R T8 & ML Ak KA 45, AR Al it 4
PR RS BRE JE E PE E SR I AN B XTSI Wy A A i A X TE I EIAE T, XS PSP Senna notabilis , Acacia
hilliana WFPF85 % L A706 BA BRI

H AR 8 & A A K AV DR o A b FAE 0 b 20 A it ) R GE A AR A T, BE S
RS AZ R Tl R A AR AR P B UE VR S R T R 2 AT A B I AR R B
W Z BIINH T, A ) BB FH R BRI 0 & WEAR RIS A 2 4, B B A 100 Fh A 3 3t 5% iy
Tl R A A F SR AR ) (RN SR R A S R G, 20 22 R 2R Lok, AATHE & #E A ) h B T 2 Fil
HAT BTS2 E Y B, 5256 S AT ST 3R 0 | 3 S (b4 4 Joouf 8 LR 4 04 i % 2B BT Sl AR F S . FEdn
WY S50 SR T BT ZAB Y 1 438 Hh i LRI 240 S /s R A o , IR i R Rl i AR 1

http ; //www.ecologica.cn



7468 JAE = 41 4

B, KREBOETAEAE I AT 78 #0252 56 2 9 Se B, 38 il 1 s v B i B AL 5 iy A il s, i e
] 2% 14 R AR B B AR SR AR A Y AR RIS AT, AR B A A kgl a0 s - B9 635 A4 0 R T AR AL T 1)
P AR AN A E B TR AR A AL A AR I FP S I, 4L BSC A BEAEAE 4 (4 IR
A= R & Wi A s AL A i = B AT AR A ) T AR 4, XA T s i L
AN, [R) s 52 B0 B 1 25 AR 0 A SR 2 A rh A0 | 38 AR S R FE NI 245 LR G5 i SR &= 45 51
Al REIFANRE ELIE BT A1 [ ARIRAS o BT LA, I T B0 2 4t 7 Al ) A6 AR ARHL AR ) 28 PN 4 a6 5 S A/ sl
[FIBFSY , A RE 4 48 75 BSC AR XS Rl & 55 40 i 0 i i s i
2.2 BSC [HJHEFX 1 & 5 H i 52 )

221 AR ARCE

IR AT R R0 & ] A I B ARG Bl R AR A K G, AN [ 28 A BSC R LA BRES M AN
], XA 0K 53 W PR RE T AN [R] AT A1 & 7 A 22 St sg e, DAMBACH M A 45 5 il e oe R it
AR SR A (1) 2R 18T, 38 R A R K 0, S i P15 3 faly (R 2% 5 145 R R T TR 3R B, A
MBI &R AR TR M2 T, SR KT B g A B, T BB IR FE K %5 2 T8
AR, TN AR 3 e )RR 7l & T Serpe 45 B ST K B i &6 1 25 45 Bz 3 3k B2 i 7K 43
ARBUASE W Fh K ZEad B 5 280 A 45 B A7 K RO i sg g, ol g 5 RRARh T & . S ERSS
FEAHLE, RS B nT I T R R 2R (U AR R R A — e (L, B SR i R T S s
F i 2 R &

45 Fz 3 b5 1 R IR I 23 BEK SR LB 2S . Langhans 255V BIFST & IR 5 7K b B 5[] BT 8 K Ak 31
AHECREAE P 0G0, B AR DERE RO RE T TEAL B (BRYD \BSC) Z [RIFEAE A .35 22 5 | BV AS Bz A 4o okl 4 HH Bk 32
IKIARE . SAHXHRIE N 1009}, HA<Sh i b7 & BRANTE 2 . Funk 207 %6 He b i FN BSC A&
BERNFIZK 340 BE R R 1 &, R I T 5240 F , BSC i AR 1 R 18l & RN R R, A, 24 R K
ek, 39S K BN, BSC X H )RR 7B & FIAE T A9 0 AR A5 AN B 22 IRk, A I ORI 5T 22 1 B BSC
5K ARSI F87 & B SR, A e SR A T S T BERAR AR 4 5 BSC PRIR] 40
AT 9K Zh A 4 SR S A R B A
222 WARFROA R

BSC REMEE 18 [ 20 081 51 0, B0 3R 2 R0 36 5 Sl a2 A s, B ok AR B 1 352 43 o0 R (4 NP K Mg,
Cu.Fe Mn), Ffi# BSC & J&, L3RR M L8Rk bE  H3eA HLaR 158 N #A 3> BSC ik n]
DU ) B 22 A LR S WA BRI S 0 e THUEREDY R M 22 SR MR b +
BERBFSMIRZBIWAMBERRRR D, TR ES RS, X EFR TR T EXN TR &, LIRS
B ML E R,

LAk, BB RAFH BSC 248 2 a FIAG AL & 5 B 0 380 0, 52 30 B 8 o %) B A 0 E VR O 1 RN AR
O I RS B T, L AR B R RO £ | 2R 0 0 A R B T S AR o R A K
PEOY S BTLL, BSC N2 H SR R E s B IR0 WA K E AT AR AR b
RGN R AR S AR EE AR, H AT, BOR B Z AT 7T & B SRR PR SRR K R B Y
Wi, BRI K BSC % J2 R HEFR 40 AW PR B 052 i 5 b i 2 AR BRAR 455 N BSC MRt R A KR
O ) 1 B4R 7 R R ANl B AR R RS2
223 WANEE

BSC A9 AE K 020 b 3R () Bt RIDREDRE B8, el As - i | 258 G i 3R 2 R YRR . BSC ) - EHIVER M 1Y
SR AT R 8RR R T BSC X IR R BT L, 7E— 2w IR BRI 1 0, BSC PR IR BE
W RRCE AT ARG AR KA . TE KBRS S it R b B e 25 R, SR G B AR L BRI T
RIZTHEREE AR T 7808 80 T 50Ky, [ R SR A B RS B R 2R T R T A

http ; //www.ecologica.cn



18 34 ETAF AW RS B R T A A AR A R IS 7469

(RIS, 75— L83 MR e 2 FE M DX, BSC RS oy L3R E | 45l 2% vh S 6 (LA o T AR T S il
TE—E L D4R L3R B TR F 18 R ANSE S8 . Stipa capensis Fh—F %) B HUW , BB HEA BSC B
KA /N BSC AL TS BES DB FE A IR, S T4 B R TN S, B AP AR S. capensis BT
R AE R ILEEAAE R b M AR % vh T AR i 1) - 3ETRLEE AN T RO AT Y TR M AR A TR
R TR, A PR K S A7 Lk T S AR A AR KT S B s R, T2 2E 4
FEIAAE . Hawkes 5508 R B0 7ERE™ B IREE )T, M A S B 4B TS 285 . T L, BSC X
LAY SR F) 32 M A A R0 B AR, FE AT ST BSC Xl 1 4 1 ¥ B2 WA I, RS 7 R A AR 257 S B0
—ERIPREERRE AR BSC A= A5 T, JE R e e A I n] BE 7™ AR AR 283800
2.3 FhFARSREES BSC VRN BT & 45 B B2

AN RN B Bh 1 A R % BSC i R AR 22 53 3702 vl TR0 AN A5 i 22 50 i) . M1 —L2EJR 250
AERTHEANHAE BSC LW %5 v A9 AL 2  ANSERAL A Kl o 2 RE ) S R A4 AR A=W 148 () K
Jy) AFIEel R, KRR T AR IR W R W () R FETEZ B BSC i
20322051 RN G RN KSR A O AR AR 2 B I N EUR Z AR R
T R AR A5 S T 144 ik g BELAS A HE A M7 S —BL 2 B R B BSC I K Ah 7 LB IR
Y SRR S, BETATRR R SRS R P BSC BB, LR 1 AR R RN
TINZHAL, ERAF RAFH) BSC Hh , LG B AR AR/ AR v | X 3R B BSC e 1 W7 5 Al 4l 1
SERERRHEE] TR AR BB IR LR

KA R, 5 & YR L, BSC XSSP R Ap -0 & (O I 1 F s 3 o7 5o BSC % & +4)
FISEHTRAT 520, £ 2 BT (R HEAE T (R XSRS R 2 3R B R A 27 A i SRk b I8 R A
KA B i 15 AR 4 A, U AR A BSC 1/ NRSE (RN T2 R TR A AT R
i LE BRI L AT REAE E & TR & , K BSC AR 7 BUBR R BE | BEAE i J2 1 LA 1 1 1 2K 114
AR, A BSC U AR eI Koy R RACHE AR R A A B D R e 2 I IR R
PRI AN LK AR AR B PR, DT R A 1 SR b ) b i 6 A

FARAESTH R4 5 BSC SEAJE RIA B AR ATE LY , BSC AEARIJE S M1 0R A7 MR Bh 18 A 5
Y B AE 7 TRTE AP0 2000, , R WEL R AL BRI A VS R R R, LA S U BN T R
HES, 2520 BSC AYHY R se a4k AR T2 ma M1 I OR A7 9 % i A A, R M B AR A i, TR, 7
INRBESE, WA AIK o AL A B #2605 3T 98 SRPIFE A N TAERCE B S5 OL T BSC X Fi 1
TRAE BT A 4 v AR A VR R ), DA k2 TN R RARL i K i B i

3 BSC X4 #EZEERIFNT
BSC X HAR 87 A b1 O FLAR MR J2 7t DA S 4 v S B0 R A A S o), i 4 T &l e A

3.1 BSC Yy HRRR AT 4 A Y5

BSC 11 11 47 BRAFAE 52 00 201 P AR 17 BELAS LA | 43984 B JEERE S8 i, b 1~ AR T L 9T 75 22 5 AR B9 AL A
BRI 22 38 K, 24 - 4B L KT 2.0 MPa Aif, R - HEXRY | 4R AR (KR £ a2 21 8 PR 7 i Wb £
T2+ B 45 7 2 B K 2F B BH )T 5 534 3.74 MPa M1 8.01 MPa'™ | FFLL, 4R RARMEZEBLS I 2, S84
BRI R B R FETO7 ) e, BE T BSC _ERYFP T & ZE IR ARSI ALALS B |, i R 4 60% AR ISR
FEO R IRRARE GBS 2 AR I A RO Al T IR _EAETF 1-3 K, 4l 288 T TR XU =2 v, 34
INT 2 A SR | DR JRE T 2 A B R A X LAR A AR R A BELAS Y Rz, XA R E M sl
PEL T FLARFN AL ) BRAh, A BRI R K 43I0t Sl i B Bk e s, 4 vl T S R A b A TG Bl it e 7 1 A i
BAR R GEDY L H5 = BSC BRI L FLAR , T B 1 4h B 3R EUK 43 s 4 0 R4 je R gh i pE T 0

http ; //www.ecologica.cn



7470 JAE = 41 4

BN Z— o P, BV ) R B e e Bl , O BAB FNAF 36 BB SO R AR R B 32 3R
WRTCIL 2R 45 B Z BRI . BSC MIAFAE , 5K 43 Mihae %5 R 2 LRI BRI T4 FLAR RUR R i Ak ik
4, BSC JE iy 3R A BRI 45 B T AR O — Sl e (4 i e e e

HJR, —LEfE 0L, BSC MIAELERIN T 3R)2 HHER Bk, 5 BESs J PR G /K i 38 8 THb AR S |2 + 4
KA HIARES B A3 S K i R T A R R EOKE . KB A SRR B BRI A S B 0K I B
T2 TR 15, BSC & B HE M52 5 /K 70 A MR 2E 9 B A AE0G S A, — 8 B B b 4 e AT A )
UV L M RS FLAR A I RE NS 4G R 2 T B, BSC X R HEAK S 3R A I BE S I 4h
BAE T FEEAE BT %
3.2 BSC AL EAEHIN AR R A K520

ZH 1% BSC I BRALAE D 53 Wb U AR = 1, % bR AR 3R AR AR R R B 000, 6 35 B 08 o A i A
Wi, A KR A MR AR R e A K AR R R R B A IR, TR 2 YRR
£ ¥ ( Phormidium tenue) B EAN ZHERENS L VEVM A= B RNEARIEY) ( Caragana koshinskii ) WBH & (B &R | K 2
) TR FR A AL FERN 8 AR R 5 35 00 WS H A 2 | A 220 1) A 7 e a2 il F, A2 e B T 2 1
P71 K 2556 B8 W SORIDG B T 1 3082 0 ok it P BT AV S Pt 495 58 )y T R VD B E AR b A 7
JH I 8 PR PR B A B - XA M A 8 R RN 0 1 A A U (R i+ T S A R T A PR T,
HEEFE AR AR R AR (R SRR SR AR E M RAR R AR K IR EAE S MU, Y E Y
M 7K 43 A IRMAC , 11 R ) A0 T e, 00 i b b A A A 7 O | S i BRI A AR AL A ) I T AR K
VRO PRA T 2 R &0y 1 A A 2 B A 0 Ak JB AR P, 0 G R A e S A & i A i ol e L
BSC B BAEAR Y BA 3= & WA, 10 ELREE A= A7 A5 0 A8 AT A8 Ak, 3 6 Ap M X6 A o 0 o 1) i 4 R 407 1

AR A (B BRI MM PR A A AR T U E A FATLBE B S AL AR Vi 52 M) B9 2353 A0 3
AT TIRABIE,

3.3 BSC [AHAE FIXH &Iy v g A A 52 il

BSC AL 95 3K 4 FR58 R S g e g i A AR K, 5 A, BSC WA FE
N T RIZ LSRG R LR EROE | MU S RIS, — B SO R & | BRI, BT BSC /Y
BEHOH RV Sl 2 K R R AR B AR EAE FE 0T L FEAKAr B Z B, BSC RE S I/ 78 I | DR F 58K 4%,
3 em REE Y K o Mo SR SRR M LL, BE A R 5 0 ISR i, ORI R g Bk IA
AR A SR 45 R 2 0F T BB T K S A B T, X < A Ko R PR A ST T L, BSC il K AR
AR, AR BEL B A7 A AR ™ R, BSC Al LAZE A T 52 BUFE IR, 3 7E AR SR e BRASBE (B 0L R T g2 2
KHEEM

BSC 38 i ol 38 - S Ab 2 P ORI 332 45 2% 4, B R Al 4 A e R T T8 BSC BN T BT A IR IR 4 i 4 4
FRICR & &, R LR T AR U ROARRI Y T M B AS B BE G AR Ay 3R TR
FM AL FR Stipa barbata F1 S. capensis B EEFE AT OBSC AR AR AL, 5 IR A X S AR
R YR RERARK AU SR RA BE R, Thiet 5D RASRGEMR B LM,
IS K FVE B 45 K A 40 A7 T35 58RI 7 3G 0, 7 b A — 5 B 45 K R AR T X AR ) 0 BN, R 1 A SR
7, BSC WyFiAe) i TR B BE S X A (O 1E R ol BELASE, BN AR SR A/ E FH & B 22 570 R il At 25
PUAS IR BN, . PR, I JR B 22 A P A BR R 8 4, A RE 4719 T ff BSC X &) i Al A AR K A sg i, e R AE
ST 5T, PN R SR AR w2 R kR KR

4 HFitERE

BSC A Ay il iy A= 285 2R e i 2 T B2 G0 0, W AR AR I B 7 A — AR AN, LA Bl AR i
SRR AR A R A T R BRI A OCATST B A A R S TR A S P (PR AT ) (R

http ; //www.ecologica.cn



18 1) T G A R R i R ANA T AR A RS R AT 0 7471

Jt AR Ll AR BIFFE R T, BSC X R e ML A A T i R (M A R T | L
IR GRS R TR | TR E VR AR S ) DAL B B 23 AU AR AR 7 R S e L) T
I SCHEER TS, XA IR SR A P W Rl AL 2 (R SRy 7 A T I, WA AR R A 4R S AR S R 58
DS AA EEE

FURT, BSC X Fh 11 A 15 4l W AR A RO MR A7 AE AN X SEDFFE L5 32 B 2 F N R OS2, AL i A 1
S5 KR BSAER Y 22 5 (WU Ph B B B SR DL ) | B P A Y Pl 2 S (R TIE ASRRAE B R MR A
MRARAERKMR DRIE IR AT PE) A (T B i o 20 KR AR e R R) | il
i 2% (2 S EPAN UL (45 K P sl A5 B R AR KT K a4 TR o A B s — 45 B A B AR AR
WP IO R LS5 ) 2 R, [, BSC 4 BRIRAS Ak VE T LA (8] 35 M S 7K o3 3% 00 A 8t
SEARAF B ZE A R R R 10 K5 W A S

SR, A P AL GE B8 & U0 | 7 B X L 9T BSC X Rh 8 & | )1 1 AR 32 WS BB A% 48 7 L N 78 5%
WEBLH] , ARSI FEXELATRA o R, BN AR5 S BIA G T A A B2 AW 25 O LB AT
G, 0F M R B A A A DR A W S AL R OBIE S, RS S A BRI K7 4 5 2 A T B
TR BSC WPl 154 W7 A A4 A A RE MO BIL . il An , 3e sk T 2 B BSC A9k 55 A0 17 3 DX o5 A 49
TG BRI A A RS B IR TR AT 20 28 DR 2EHE)Z T A AH ELAE F S 2, Wb Sk B e
FERIA L s IR A B2 W5, AN BRI BT FE BSC A (RAIE 5 e e 7 A 22 1T 532 0 o 7 6 R4 i A
4, R s S A B R 5 e X e, S PR Y M BSC X M R K A BRI, 5 U
AR AR UAE WS BSC AL e FE X AT 4t 3 ol B 14 50 X DX Sl ) SR ol R 14 82 )l e B A A 2 T
S AR 5 Al B S A W, A R L 48 8 A ARIRZS T BSC X 4 B HURT AR ; SR SO AR AR |+
RIMARETIEE 5, $78 BSC A MW 25 A S5 X AR U | IXUIEE 52 W) 11 6 7oA 1 O 2] 485 78 F ARARZS b 120
A 5 A B4 S RO , S 4w SR N BAR A, R e A AL, T TR R R N e 2
PR 2 R R i ST A X i BR AR 25 R G TS A A R APk, 5 SRR il s A R A A X S
SRR R PR SRR IR B R AL, b5 BSC WRh AL as A2 1k, AR Fh TR A1 BSC PR AR
) BP0 B S P AR ELAE FALARD , JREIX 88 PR T ARG B A AR Y S B2 PPAS AR AL 5t F BSC 5
Toft 5L PP ) A2 A R R A PR AR (IR Al

23 3L Hf ( References)

[ 1] 2R, o, Wik, BrE, 84, SR, 00 mERE S A L IEES BT5. B4R, 2018, 63(23) :2320-2334.

[ 2] Antoninka A, Faist A, Rodriguez-Caballero E, Young K E, Chaudhary V B, Condon L. A, Pyke D A. Biological soil crusts in ecological
restoration ; emerging research and perspectives. Restoration Ecology, 2020, 28(S2) .S3-S8.

[ 3] Belnap J. The world at your feet:desert biological soil crusts. Frontiers in Ecology and the Environment, 2003, 1(4) :181-189.

[ 4] Concostrina-Zubiri L., Huber-Sannwald E, Martinez 1, Flores J] L. F, Escudero A. Biological soil crusts greatly contribute to small-scale soil
heterogeneity along a grazing gradient. Soil Biology and Biochemistry, 2013, 64.28-36.

[ 5] Sonkoly J, Valks O, Deak B, Miglécz T, Téth K, Radécz S, Kelemen A, Riba M, Vasas G, Téthmérész B, Torok P. A new aspect of grassland
vegetation dynamics ; cyanobacterium colonies affect establishment success of plants. Journal of Vegetation Science, 2017, 28(3) :475-483.

[ 6] Song G, Li X R, Hui R. Effect of biological soil crusts on seed germination and growth of an exotic and two native plant species in an arid
ecosystem. PLoS One, 2017, 12(10) :e0185839.

[ 7] ZEWioR, skould, @A Aok, A9 s e mF oy JE I RV S5 . suBRABL R, 2009, 24(1) :11-24.

[ 8] James JJ, Svejcar T J, Rinella M J. Demographic processes limiting seedling recruitment in arid grassland restoration. Journal of Applied Ecology,
2011, 48(4) :961-969.

[ 9] Commander L. E, Merino-Martin L, Elliott C P, Miller B P, Dixon K, Stevens J. Demographic, seed and microsite limitations to seedling
recruitment in semi-arid mine site restoration. Plant and Soil, 2020, 457(1/2) :113-129.

[10] Duncan C, Schultz N L., Good M K, Lewandrowski W, Cook S. The risk-takers and -avoiders ; germination sensitivity to water stress in an arid zone

with unpredictable rainfall. AoB PLANTS, 2019, 11(6) :1-12.

http ; //www.ecologica.cn



7472 JAE = 41 4

[11]
[12]
[13]
[14]

[15]
[16]

[17]
[18]
[19]

[20]
[21]

[22]

[23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]

Scott A J, Morgan J W. Early life-history stages drive community reassembly in Australian old-fields. Journal of Vegetation Science, 2012, 23(4) :
721-731.

Havrilla C, Leslie A D, Di Biase J L, Barger N. Biocrusts are associated with increased plant biomass and nutrition at seedling stage independently
of root-associated fungal colonization. Plant and Soil, 2020, 446(1) :331-342.

TR, MW, ZRUE, XU, HRtE e, RLBERE, BRHIER. e b e Ah R IR X TR AR B 4 R R S R A S . AR A E R A
&, 2019, 28(6) :1100-1107.

Escudero A, Martinez I, de la Cruz A, Otalora M A G, Maestre F T. Soil lichens have species-specific effects on the seedling emergence of three
gypsophile plant species. Journal of Arid Environments, 2007, 70( 1) :18-28.

Wood J L, Franks A E, Egidi E. Linking microscopic interactions with macroscopic effects. Journal of Vegetation Science, 2017, 28(3) :462-463.
Li Y K, Ouyang J Z, Lin L, Xu X L, Zhang F W, Du Y G, Liu S L, Cao G M, Han F. Alterations to biological soil crusts with alpine meadow
retrogressive succession affect seeds germination of three plant species. Journal of Mountain Science, 2016, 13(11) :1995-2005.

Nathan R, Muller-Landau H C. Spatial patterns of seed dispersal, their determinants and consequences for recruitment. Trends in Ecology &
Evolution, 2000, 15(7) :278-285.

Chambers J C, MacMahon J A. A day in the life of a seed:movements and fates of seeds and their implications for natural and managed systems.
Annual Review of Ecology and Systematics, 1994, 25.263-292.

Belnap J, Prasse R, Harper K T. Influence of biological soil crusts on soil environments and vascular plants//Belnap J, Lange O L, eds. Biological
Soil Crusts:Structure, Function, and Management. Berlin: Springer, 2001 :281-300.

Belnap J. The potential roles of biological soil crusts in dryland hydrologic cycles. Hydrological Processes, 2006, 20(15) :3159-3178.

SuY G, Li X R, Cheng Y W, Tan H J, Jia R L. Effects of biological soil crusts on emergence of desert vascular plants in North China. Plant
Ecology, 2007, 191(1) :11-19.

Li X R, Jia X H, Long L Q, Zerbe S. Effects of biological soil crusts on seed bank, germination and establishment of two annual plant species in
the Tengger Desert (N China). Plant and Soil, 2005, 277(1/2) :375-385.

W, A0, THOT, X8, HUHR. TRUBRX SRS K F RS AT L. AR, 2000, 42(9) :965-970.
Val J, Travers S K, Oliver I, Eldridge D J. Perennial plant patches are sinks for seeds in semi-arid woodlands in varying condition. Applied
Vegetation Science, 2020, 23(3) :377-385.

Issa O M, Valentin C, Rajot J L, Cerdan O, Desprats J F, Bouchet T. Runoff generation fostered by physical and biological crusts in semi-arid
sandy soils. Geoderma, 2011, 167-168:22-29.

TMERE, R, TIORSE, WRIIEL. AR HLYD BRI G R A B X R L SR T RS N ARSI, 2007, 18(3) :504-508.
FRET, AR, AN, EAR, SREESC BHRID D HLAE PSS K0 LR BRRHIE. K L ORFE2EA, 2007, 21(6) :187-191.

Prasse R, Bornkamm R. Effect of microbiotic soil surface crusts on emergence of vascular plants. Plant Ecology, 2000, 150(1/2) .65-75.

Rossi F, Mugnai G, De Philippis R. Complex role of the polymeric matrix in biological soil crusts. Plant and Soil, 2018, 429(1) :19-34.
Thompson S E, Assouline S, Chen L, Trahktenbrot A, Svoray T, Katul G G. Secondary dispersal driven by overland flow in drylands:review and
mechanistic model development. Movement Ecology, 2014, 2(1) .7.

Steggles E K, Facelli ] M, Ainsley P J, Pound L M. Biological soil crust and vascular plant interactions in Western Myall (Acacia papyrocarpa)
open woodland in South Australia. Journal of Vegetation Science, 2019, 30(4) :756-764.

Briggs A L, Morgan J] W. Seed characteristics and soil surface patch type interact to affect germination of semi-arid woodland species. Plant Ecology,
2011, 212(1) :91-103.

Hernandez R R, Sandquist D R. Disturbance of biological soil crust increases emergence of exotic vascular plants in California sage scrub. Plant
Ecology, 2011, 212(10) :1709-1721.

West N E. Structure and function of microphytic soil crusts in wildland ecosystems of arid to semi-arid regions. Advances in Ecological Research,
1990, 20:179-223.

Morgan J] W. Bryophyte mats inhibit germination of non-native species in burnt temperate native grassland remnants. Biological Invasions, 2006, 8
(2):159-168.

Song G, Li X R, Hui R. Biological soil crusts determine the germination and growth of two exotic plants. Ecology and Evolution, 2017, 7(22) .
9441-9450.

Huber J K, Kollmann J. Recruitment filtering by a moss layer disadvantages large-seeded grassland species. Basic and Applied Ecology, 2020, 42 .
27-34.

Hawkes C V, Menges E S. Effects of lichens on seedling emergence in a xeric florida shrubland. Southeastern Naturalist, 2003, 2(2) :223-234.

Deines L, Rosentreter R, Eldridge D J, Serpe M D. Germination and seedling establishment of two annual grasses on lichen-dominated biological

http ; //www.ecologica.cn



18 1) T G A R R i R ANA T AR A RS R AT 0 7473

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]

[59]
[60]

[61]

[62]

[63]
[64]

[65]
[66]

[67]

soil crusts. Plant and Soil, 2007, 295(1/2) ;23-35.

Serpe M D, Zimmerman S J, Deines L, Rosentreter R. Seed water status and root tip characteristics of two annual grasses on lichen-dominated
biological soil crusts. Plant and Soil, 2008, 303(1/2) :191-205.

Langhans T M, Storm C, Schwabe A. Biological soil crusts and their microenvironment; impact on emergence, survival and establishment of
seedlings. Flora-Morphology, Distribution, Functional Ecology of Plants, 2009, 204(2) :157-168.

Hawkes C V. Effects of biological soil crusts on seed germination of four endangered herbs in a xeric Florida shrubland during drought. Plant
Ecology, 2004, 170(1) :121-134.

SRfE, KTE, RARME. AW 4s H O s B A R LR I R AS A R A R SE R TR, 2015, 35(3) :639- 644,
Muiioz-Rojas M, Chilton A, Liyanage G S, Erickson T E, Merritt D J, Neilan B A, Ooi M K J. Effects of indigenous soil cyanobacteria on seed
germination and seedling growth of arid species used in restoration. Plant and Soil, 2018, 429(1/2) :91-100.

Zhuang W W, Serpe M, Zhang Y M. The effect of lichen-dominated biological soil crusts on growth and physiological characteristics of three plant
species in a temperate desert of northwest China. Plant Biology, 2015, 17(6) ;1165-1175.

Mallik A, Kayes I. Lichen matted seedbeds inhibit while moss dominated seedbeds facilitate black spruce ( Picea mariana) seedling regeneration in
post-fire boreal forest. Forest Ecology and Management, 2018, 427.260-274.

Sedia E G, Ehrenfeld J G. Lichens and mosses promote alternate stable plant communities in the New Jersey Pinelands. Oikos, 2003, 100(3) :447-
458.

Zamfir M. Effects of bryophytes and lichens on seedling emergence of alvar plants: evidence from greenhouse experiments. Oikos, 2000, 88(3) .
603-611.

Ludwiczuk A, Asakawa Y. Bryophytes as a source of bioactive volatile terpenoids-A review. Food and Chemical Toxicology, 2019, 132.110649.
Whitehead J, Wittemann M, Cronberg N. Allelopathy in bryophytes-a review. Lindbergia, 2018, 41(1) :01097.

Nystuen K O, Sundsdal K, Opedal @ H, Holien H, Strimbeck G R, Graae B J. Lichens facilitate seedling recruitment in alpine heath. Journal of
Vegetation Science, 2019, 30(5) :868-880.

Mendoza-Aguilar D O, Cortina J, Pando-Moreno M. Biological soil crust influence on germination and rooting of two key species in a Stipa
tenacissima steppe. Plant and Soil, 2014, 375(1/2) :267-274.

Concostrina-Zubiri L, Molla I, Velizarova E, Branquinho C. Grazing or not grazing: implications for ecosystem services provided by biocrusts in
Mediterranean cork oak woodlands. Land Degradation & Development, 2017, 28(4) :1345-1353.

Serpe M D, Orm J M, Barkes T, Rosentreter R. Germination and seed water status of four grasses on moss-dominated biological soil crusts from arid
lands. Plant Ecology, 2006, 185(1) :163-178.

Funk F A, Loydi A, Peter G. Effects of biological soil crusts and drought on emergence and survival of a Patagonian perennial grass in the Monte of
Argentina. Journal of Arid Land, 2014, 6(6) ;735-741.

Chamizo S, Cantén Y, Miralles I, Domingo F. Biological soil crust development affects physicochemical characteristics of soil surface in semiarid
ecosystems. Soil Biology and Biochemistry, 2012, 49.96-105.

B, KICH, /N, AR, SRR N IR) NEE E ER S R R 0 s A0 AR R, AR AR AR, 2014, 34(14) :4006-4016.

Elbert W, Weber B, Burrows S, Steinkamp J, Biidel B, Andreae M O, Pischl U. Contribution of cryptogamic covers to the global cycles of carbon
and nitrogen. Nature Geoscience, 2012, 5(7) :459-462.

EIFF, H¥, IMEIE, ZEM e, 8w R A Al R X XD R AR IR USRS RSN . AR AR, 2020, 31(10) :3404-3412.
Yu J, Kidron G J, Pen-Mouratov S, Wasserstrom H, Barness G, Steinberger Y. Do development stages of biological soil crusts determine activity
and functional diversity in a sand-dune ecosystem? Soil Biology and Biochemistry, 2012, 51.:66-72.

Xiao B, Veste M. Moss-dominated biocrusts increase soil microbial abundance and community diversity and improve soil fertility in semi-arid
climates on the Loess Plateau of China. Applied Soil Ecology, 2017, 117-118:165-177.

Xiao B, Bowker M A. Moss-biocrusts strongly decrease soil surface albedo, altering land-surface energy balance in a dryland ecosystem. Science of
the Total Environment, 2020, 741.140425.

WA, BT, EEST, KR, TR, ZELUNE TSI ST B A ) 1A KA. B, 2018, 26(1) :22-29.

Boeken B, Ariza C, Gutterman Y, Zaady E. Environmental factors affecting dispersal, germination and distribution of Stipa capensis in the Negev
Desert, Israel. Ecological Research, 2004, 19(5) :533-540.

MRo%k, BLSCHR, SKROUHE, SRAm, TR T 5 XA S S R A SRR RS . R [E P, 2008, 28(5) :868-873.

Belnap J. Biological soil crusts in deserts:a short review of their role in soil fertility, stabilization, and water relations. Algological Studies, 2003,
109:113-126.

Zhang Y M, Belnap J. Growth responses of five desert plants as influenced by biological soil crusts from a temperate desert, China. Ecological

http ; //www.ecologica.cn



7474 JAE = 41 4

[68]

[69]
[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]

[83]

[84]

[85]

[86]

[87]

Research, 2015, 30(6) :1037-1045.

Ghiloufi W, Chaieb M. Differential effects of the crustose Diploschistes diacapsis and the squamulose Fulgensia bracteata on the establishment of a
Mediterranean grass species. African Journal of Ecology, 2018, 56(1) :109-115.

M, KITH. AW LIRSS K SR T R Y 4 FOSRIEAL YRR 0 R B SC LR, ThE VML, 2014, 34(3) :725-731.

Peralta A M L, Sanchez A M, Luzuriaga A L, de Bello I, Escudero A. Evidence of functional species sorting by rainfall and biotic interactions:a
community monolith experimental approach. Journal of Ecology, 2019, 107(6) :2772-2788.

Song G, Li X R, Hui R. Biological soil crusts increase stability and invasion resistance of desert revegetation communities in northern China.
Ecosphere, 2020:11(2) :e03043.

Berdugo M, Soliveres S, Maestre F T. Vascular plants and biocrusts modulate how abiotic factors affect wetting and drying events in drylands.
Ecosystems, 2014, 17(7) :1242-1256.

RO, AR, Wl B, R, . WX A LSS B X AR R TR AR R, 22 M R R ERREAR, 2017, 53(4)
521-525, 533-533.

Bengough A G, McKenzie B M, Hallett P D, Valentine T A. Root elongation, water stress, and mechanical impedance :a review of limiting stresses
and beneficial root tip traits. Journal of Experimental Botany, 2011, 62(1) :59-68.

TS, B, e, VI, 2N T b I AS e R E R BRI R RO P R R 2020, MIZEEL.

PR f, skomots, XUSOM, Wm0, o se. A s s — AR AR AR AT S kI P BE, 2017, 37(3) :483-490.

BRI, AT, Ak, B LB A S BRI TR B A B P RO RS2, 2016, 21(2) :20-30.

Chamizo S, Mugnai G, Rossi F, Certini G, De Philippis R. Cyanobacteria inoculation improves soil stability and fertility on different textured soils
gaining insights for applicability in soil restoration. Frontiers in Environmental Science, 2018, 6:49.

Xu Y H, Rossi F, Colica G, Deng S Q, De Philippis R, Chen L Z. Use of cyanobacterial polysaccharides to promote shrub performances in desert
soils:a potential approach for the restoration of desertified areas. Biology and Fertility of Soils, 2013, 49(2) ;143-152.

Chua M, Erickson T E, Merritt D J, Chilton A M, Ooi M K J, Mufioz-Rojas M. Bio-priming seeds with cyanobacteria: effects on native plant growth
and soil properties. Restoration Ecology, 2020, 28(S2) :S168-S176.

XLe, A, Difps. HEHY LR RLNE. LRk A, 2014, 20(7) :26-28, 55-55.

Pissolito C, Garibotti I A, Varela S A, Arana M V, Gonzalez-Polo M, Marchelli P, Bruzzone O. Water-mediated changes in plant-plant and
biological soil crust-plant interactions in a temperate forest ecosystem. Web Ecology, 2019, 19(1) :27-38.

Cantéon Y, Chamizo S, Rodriguez-Caballero E, Lazaro R, Roncero-Ramos B, Roméan J R, Solé-Benet A. Water regulation in cyanobacterial
biocrusts from drylands: negative impacts of anthropogenic disturbance. Water, 2020, 12(3) :720.

Peter G, Leder C V, Funk F A. Effects of biological soil crust and water availability on seedlings of three perennial Patagonian species. Journal of
Arid Environments, 2016, 125.122-126.

Tavili A, Jafari M, Chahouki M A Z, Sohrabi M. How do cryptogams affect vascular plant establishment? Cryptogamie, Bryologie, 2017, 38(3) .
313-323.

Thiet R K, Doshas A, Smith S M. Effects of biocrusts and lichen-moss mats on plant productivity in a US sand dune ecosystem. Plant and Soil ,
2014, 377(1/2) :235-244.

Xiao B, Hu K L. Moss-dominated biocrusts decrease soil moisture and result in the degradation of artificially planted shrubs under semiarid climate.

Geoderma, 2017, 291.47-54.

http ; //www.ecologica.cn



