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Abstract: Biocrusts may affect seedling emergence and growth through direct or indirect pathways. However, most of the
relevant studies have been conducted in extremely arid deserts using flower pots. To clarify whether biocrusts promote or
inhibit early vegetation establishment in a relatively natural environment and to identify the pathways, we established field
plots on cyanobacteria- and moss-dominated crusts, treated the biocrust cover as high, middle and low (80%, 50% and

30% ) and sowed the seeds of Caragana korshinskii, Artemisia ordosica and Bidens pilosa on the surface of plots. Seedling
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emergence percentage, survival percentage and growth rate were then calculated. The results showed that the high-cover
biocrusts were more favorable for seedling emergence. In comparison with bare soil, the seedling emergence percentage of
Caragana korshinskii and Artemisia ordosica increased by 1.5 and 17.5 times on high-cover moss crusts, respectively, and
by 1.3 and 14.0 times on high-cover cyanobacteria crusts. The seedling emergence percentage of Bidens pilosa increased by
0.7 times on high-cover cyanobacteria crusts. However, the survival percentage of Artemisia ordosica seedlings on biocrusts
was extremely low, which means that the biocrusts are beneficial for seedling emergence of small seeds, but detrimental for
their survival. Overall, moss crusts increased the growth rate of seedling height and ground diameter, with the greatest
enhancement on high-cover moss crusts. While cyanobacteria crusts showed promotion at high cover and inhibition at middle
and low cover. Structural equation model analysis showed that the biocrusts affected seedling emergence and growth mainly
through indirect effects, and the overall effects were positive. The penetration resistance was the main factor promoting
seedling survival, and the soil chemical property was the main factor promoting seedling growth. In summary, the effects of
biocrusts on seedling emergence and growth differed between plant species, and the effects were related to biocrust cover.
But in general, the effects are favorable, making biocrusts beneficial for vegetation restoration and regeneration on the Loess

Plateau.

Key Words: plant height; basal diameter; seedling establishment; vegetation regeneration; community succession

FERE ) B AT T A TR b I B A 52 SR, 40 B B AR e o R, o i R R L DU A A e T
2R b 160 55 A Q0 e U A DGR ER S L R BT IUR AN e 0 AR AT S AS T R s A (R
KN RN R F (R HEK A R F75r AR IR YHIR B AR ) e e ) O B )
AR YRR R A E B L

W R RO E AR Y (e B2k B RS M IR (L AN AR A S
- TR 2 () 13 AN [ L 51K T h 5 T I B A — Rl R A JE RG5O L 26 1 AR o BRI R AR 1297
LA R R A A g R K PR R 0 pH SEFE Y BR 25 i 2 Ak A SRR ) 1 A A ER
5 AE R IR g A o F rh R P AR

A 5 i S5 bR A AR 7 4L B ) S BR EAY | AE 485 B PT ) 2 AR AR B B sl R M R e A 4
BRI AR (HHCAE PR R T 45 H 28 80 AP Rl 26 R4 A K 09 RN E 9 DX ek 2 S T) i vl A i
W40, FERHB R 22 5, Bromus tectorum Tl EBESE Bz | () H B 5 0 25 10 T MU SE fe 2 TR AR IR 2t AR )
58 g B Y A W RN X E A AN O AR R PR R ZERE I A K AT A 2 e
AAEY AR AR AR A A R ), A 45 B 0l TR A e B AR S B A ) AR K
BRTAE A, — i, A R T RE S KR RS AR TR R A AR S —
D51, A 2 B AE b e 2 T AR R TR 35 2 (A1 ) B B BELAS R T B R4 AR R AR K R Es e
A E SR 5 S 1 R R TR M A/ 22 0 46 Ak B J5T , Jfm ah  F8 80 I0 Xof A A —  15  FNl i 1 2E R B 2 AR [
MARIEAE R Had Z2 iR 58 28 R AEAERE K 500 200 mm A2 47 AR T RV ek F e s o B 7
B AR K R T 400 mm A9 X AFFE 40, HLEAT IORIFSE K22 R A se e o 1) A1 el LIS e | 4%
KT ESAERIER,

FET M AR A R R EF AN LI FRICAE F AR S T A4 B X Rl i Al i 2R K s JOF
WZE T PRI, 25 A S50 Oy R AL 43 Hr e = a5 i PR R A & 48, RHR AR N T A Bk &2 SR s, A1 if
RUAESREMEGIKE AR e 2 A R X,

1 RS

1.1 BFFEIXAEAL
BFFE XA T 3 - 135 JSL G B P 44 A 1 753 9 /N B8 ( 38°46'—38°51N, 110°21'—110°23'E) , ¥R N

http ; //www.ecologica.cn



9356 xR 44 %

1094.0—1273.9 m, Sk EAN 6.89 km® , - AY F B FHE 4 - MD 1, 58 KR IR T 5 A0, W
E 2 ARSI 8.4°C i 5 4F 6—9 H PSR M 20.8°C ; 4EH /K i 454 mm, Hirh 709%—80% 1[4 /K £ v
1E 6—9 A 475 K i 1337 mm, 2 MK 3 A5 BFFEIX AR B 2226 /NHA% ( Populus simonii) F7 4%
Y ) L( Caragana korshinskii) \@%(Artemisia ordosica) J R R ( Setaria viridis) . VA B ( Bidens pilosa) A s e
SR MEELE e e XN 2 R B, 55 B Tk 70%—80% )
1.2 SLEkit

S GG R I 2 R 5 AR 3 AR R L A W g R S A FE B R RIS B 2 il LA
TCH He % HRE 5 24 B S8 FE A 55 2 3 2 (80% ) R FE (50% ) AR L (30% ) 3 AN 7K T 5 il 288 0 4 5 e A 08
L SBYD S R (3 AhRh T2 RGN & 2553 51 98.3% 95.3% H1 98.9% ) . HiA w26 i HELE B (HC)
TEBELE R (MC) AR BEBESE 2 (LC) (i d JEBELE B (HM) (Hh i BEBESS e (MM) RS2 BEEES5 2 (LM) o4
B2 (CK)7 Fab B A FpAb 3 3 AN E AR, P LA 3 i Fh 1 F TR SR 7 Hh v Mgl i AR K SE I SE e 45 R
Ji R REIN R B A T
1.2.1 b HE

T 2022 4F 8 AN+ XS B — Ab [F) B B 45 e R 45 K % 8 R i BORH @ 1) JC 245 R 4R b, 8 ST
1 mx1 m BEELS AR T O A BEEE KRR DT 9 A, JCEs AT 3 A IS BRAE T NI T B R . W B 45 e Fise 2
BT 3 AR 1 4, TR R 25 12 530y 3 AL ARG i 75 5 BE 7 Bk 2 A 8 Bz, (i g 2 B 23 i e 248 B2 A T e 4
4k Fe B 35 T 43 0N 80% \50% F1 30% , H R AHRIAT Y SS B A RE T NI 510 A . BER KRR T INFE /058K, FF 36
B BHN (LR LRI, B SN ERRR T ) | Z2BRAETT OB AR I D) THFE R T 2023 4 4—5 H BRI T
IR RE L IERR TR IR B AELE 2 ST i e AR RO AR AR S
122 FrHl SRS

¥ 3 BT 25 B 50 RiIR A J5 B SRR R BN RE 7 N - RN G i i, B RS 28 1 T AR AR D N R
— UK, AN B R RR U R Be K — 1k, NSRS 2 R Al FH A 485 =X+ 18 = S 8000 % { ( WET- 2 sensor, Delta-T 2%
Al, BEE) FARR B 8 BHIERET P 0—5 em R AY 35 5 /K BEAT H 3R B | AR RE TN /8 3 YCRSEIMA,
WA AN F B O, B 2 d iE sk — IR g, B 4L 15 d AT ok 25 3 i s
5 AT DR, MR = B R AR T A< 100% . ZJEIESE 1A H B E SR IR G AL
i, IO REAR G B bR s A AR TR AT R MR AR A R 4 AT R = SR A R 4 B A
TR B < 100% MR A KR = MR A K m /A K R (mm/d) KR =it K/ kK
KA (mm/d)
1.2.3  HIEFL R E

IR 35 e IR RER £, F2F B 8h 135 AL (UTM6102, = A, v =) i +
ey il s (E PR TR A 0—5 em HAE BTV LR AR 3 MREAL IR IA, AT A
PRAET A4S, FHTIE e et it (2 1) o Hoh - 9850k R Al FHSO'CREFE 73742 ( APA2000 , Malvern
N B P s pH (B pH 3 (pH- 100, JRBHE ) W05 , W00 5 5 FH AR v 92 b o 5 3 HILTE
S FAMIMBEI 2 5 3R E 4 A 3L E AU (2300, FOSS 23 1), B ) I 42 5 1 e A8 Al 28 Al
81 BT ( AutoAnalyzer3-AA3, SEAL 23 &), 8 E)) W2 ; + 848 | SUSORE 8 FH AR B T Lb (7L D a2 5 485k
S FH OGRS <2 ( Z1- 5100, GBC 23], JRAFI.) |
1.3 Fula ik

fdi FH§ Microsoft Excel 2021 & HSzIGH04E | ] IBM SPSS Statistics 25.0 ZEHATSE 4007, HBA N 205 2243
MFZ AT LSD K96 43 M AS Rl AL B R Fh - H P 56 A A7 16 R R K R i 22 5% IR P o i aioks Kok
e ISR R R B K 3 pH (A AL R S A AR S
SRR S R A 2 IR 2R R TR R R v A K T SR e A A K R R A A R BT A B AT A v A

http ; //www.ecologica.cn



20 }H K S A YA RO R T RS S AR R T 9357

RO TS FH IBM Amos 21 3R R EE45 4 J7 B2 RS | ] OriginPro 2021 YEE . SCHR IR BTG B ¥4 0 S 2 (8 + 45
2%,

®1 FRZETENERNLER HERY

Table 1 Soil properties of bare soil and biocrusts soil with different cover

LR e T
+ Bk Moss crusts Cyano crusts Bare soil
Soil property A g i3 R R fREE .

High cover Middle cover Low cover High cover Middle cover Low cover

Z5E Bulk density/ (g/cm®) 1.47+0.05 d 1.54+0.01 ¢ 1.52£0.03cd  1.56+0.04 be  1.61+0.02b 1.59+0.02 b 1.68+0.02 a
A KA Soil water content/% 4.70£0.01 b 4.40+0.23bc  4.35:0.53bc  5.79+0.30 a 4112043 be  4.21£1.03bc  3.44x0.25¢
THERE Soil temperature/C 21.27+0.05b  21.60+0.03b 21.24+0.11b  21.57+0.65b  22.58+0.18a  22.50+0.11a  22.28+0.20a
25581 7) Penetration resistance/MPa 3.76+0.62 a 3.33+0.08 ab  2.70+0.15cd  3.32+0.40 abc  3.10£0.19 bed  2.55:0.32 d 2.62+0.39d
FRL(< 2 pm) &1 Clay (< 2 pm) content/%  3.60£0.62 b 1.39+0.51 ¢ 1.96+0.58 ¢ 4.78+0.80 a 2.19+0.29 ¢ 1.62£0.51 ¢ 1.48+0.16 ¢

HRL(2—50 pm) & &

Silt (2—50 pm) content/%
DAL 50—2000 wm ) 75

Sand (50—2000 wm) content/%

3.84+0.65 b 2.05+0.44 cde 2.62£0.50 cd  5.95+0.80 a 2.82+0.46 ¢ 1.87+0.54 de 1.74£0.19 e

92.64£1.27¢  96.56+0.94 ab 95.42+1.07ab 89.27+1.60d  95.00+0.72b  96.51+1.05ab  96.79+0.35 a

pH 7.86£0.04d  7.99:0.09¢  8.15:0.03b  8.15:0.06b  8.20:0.01a  8.22:0.01a  8.00£0.02¢
A HUB A 4 Organic matter content/ ( g/kg) 7.15:0.00a  5.99+036b  5.40£0.02¢  5.94x025b  2.96:0.25f  4.62:023d  3.37:0.06e
LBk Total nitrogen content/ ( g/kg) 025a 022:0.04a  026:001a  025:0.02a  0.12h 0.14b 0.120.01 b
BAA S NHI-N content/ (mg/ke) 2.67£0.13ab  320£0.73a  231:0.18bc  1.72¢0.19¢cd  2.16£0.13bed  2.18+0.24 bed  1.62+0.09
AAE A NO-N content/ (mg/kg) 637:0.06c  8.024¢0.03b  575:0.18d 10.7740.14a  2.95:0.03e  2.70:0.111f  229:0.18 ¢
£ i Total phosphorus content/ ( g/kg) 027:0.01b  025:0.01be  0.23:0.01bc  033a 0.23£0.02be 021001 cd  0.16£0.06 d
ARG 2.09+1.14a  141+038a  137:040a  1.49:039a  1.39+026a  1.43+0.14a  1.52:0.02a
Available phosphorus content/ ( mg/kg)

A
Available potassium content/ ( mg/kg)
TR RN 7 B R 46 A IR 22 53 1.5 ( P<0.05)

82.85+7.03a  74.78+0.43b 70.33£3.93b  75.23+2.40b  46.51x1.57d 43.38+£2.17d  53.36x3.45¢
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Fig.1 Seedling emergence percentage of 3 species under different biocrust types and cover treatments
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Table 2 Seedling survival percentage of 3 species under different biocrusts types and cover treatments

)% 4 25 A) Fr 4839 )L B JLEHRE
Cover of biocrusts Biocrust types Caragana korshinskii Artemisia ordosica Bidens pilosa
[SE3 BELS K 46.4+5.1 Aa 0 Aa 16.4+8.3 Aa
High cover BGE R 16.9£9.8 Ab 0 Aa 1.3+2.2 Aa
TFosh e 9.1+15.8b 16.74£28.9 a 0a
R BESE I 20.5+8.8 Ba 0 Aa 23.8+20.8 Aa
Middle cover PG 3.3+5.8 ABa 0 Aa 0 Ab
ek K 9.1x15.8a 16.7+28.9 a 0b
k5 HESE 15.5£1.7 Ba 0 Aa 10.0 Aa
Low cover PG 0 Ba 0 Aa 1.2+2.0 Aa
b 9.1+15.8 a 16.7+28.9 a Oa

(VSN [ /NS 5 s 20 B i FE AR, A ) S 80 6] 22 S Y 35 (P <0.05 ) 5 IR B AN i) RS 5k 7 45 B2 SR TR [ I, A [ 5 B 1) 22 e B 3%

(P<0.05)
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M

BRI RELl e LM b AORR i A RO AR T CK Ah, 7 S B0 X8 LA L BT B 2l v TR B8 25 e 1 i s 2R G
HARE T CK, B4 SR 2 Ml Bk i A s 4 (0 52 e 22 3 B D v o E (2 o, o AR BE AR (181 2) o
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Fig.2 Height growth rate of Caragana korshinskii and Bidens pilosa seedlings under different biocrust types and cover treatments
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Fig.3 Basal diameter growth rate of Caragana korshinskii and Bidens pilosa seedlings under different biocrust types and cover treatments

http ; //www.ecologica.cn



9360 xR 44 %

2.4 W

SER TR (TR 4) A 2h SR R | A4 B 2R 55 B 1 M P A A S A K A BNk B
RAONE I S (B 42000 4 Ry TE AR, L T2 5801 52 M 3 0P 46 Xo) {180 K T B 2300007 5 i) 22 5 14 246 WL, DA T e G
SABONE R IE RN (3 3) o VABHAR S K2 A B AR K 0T RE S P HIAE P T W AR (B AR 2 B vl Dl i
3G - A9 A T TG A e RN R T A AR VR EL R R R VR F AT R R R R AR L sk
N, 3 BH X R AR RO, TR I A A AR K BRI A TE AN, HLXT &Iy AT R A 5 )

o

ISP R E K, AL, e B T n] RE AR R 1 B BGR BN IR, B WA B 2R SR

0.5]%**

BC
R*=0.26

0‘51***

0.4 8%

051***

BC
R*=0.26

x2df=0.212, CFI =0.998, P =0.645, RMSEA < 0.001

B4 ZEREBMZEZMMFHEE HEEERMYEERERLLENHTERE
Fig.4 Structural equation models of effects of biocrust types and cover on seedling emergence percentage, survival percentage and
growth rate
BT %% 25%) Biocrust types; BC: 452 5 Biocrust cover; PR: ZEEFH ] Penetration resistance; SPP; 3EH B Soil physical property;
SCP: + AL~ Soil chemical property; SEP: FfiF H ¥ % Seedling emergence percentage; SSP: %77 1% % Seedling survival percentage;
SGR: 4tk K R Seedling growth rate; CFI; H A& F8 %L Comparative fit index; RMSEA; T Bl 2244 J5 # Root mean square error of
approximation; * 7R P<0.05, # * FIR P<0.01, * # * R P<0.001; KLk A FTR IR BB D SR PR IERUN | LR R U808

http ; //www.ecologica.cn



20 41 ST A B b R AR WA BOW R R A AT S A KRR 9361

RA R TAEAFH A, Ak, E A A PR O 4y B A KOs R A TE AR BLA B 1 4 28 7K (0.97) , R W AE
Wt Bl R T B i e g b SR AR R A R

R3 HHUARERAZNREY

Table 3 Influencing coefficients of structural equation models

Hk e e g ORPRER LR SBHL I
Indicators ]nﬂuejn?mg Biocrust types Biocrust cover Soil physical Soil chemical Penfetranon
coefficient property property resistance
i th o RN -0.090 0.347 0.087 0.221 -0.191
Seedling emergence () 22280 0.272 0.005 0.042 — —
percentage RN 0.182 0.352 0.129 0.221 -0.191
LG BEERUN 0.198 -0.324 0.198 0.089 0.589
Seedling survival () 2580 0.222 0.532 0.071 —
percentage SO 0.419 0.208 0.269 0.089 0.589
iR ER BN -0.238 -0.266 0.144 0.969 0.048
Seedling growth rate () 422280 1 0.575 0.607 0.255 — —
58 eIa 0.337 0.341 0.400 0.969 0.048
3 itig

3.1 AWEE B R R S kA

FETEARNE TR DX, 7K 432 R A A R i R R R 2 R A K R e — e R A I, T
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