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Abstract: Biocrusts occupy wide and diverse ecological niches in arid and semi-arid climate regions, and thus they would
dramatically affect the distribution pattern of herbaceous plants. However, the extent and pathways of their influences on the
diversity and biomass of herbaceous plants are still in controversial. In a semiarid climate area on the Chinese Loess

Plateau, we selected representative plots of uncrusted soil and cyanobacteria- and moss-dominated biocrusts, both on
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aeolian sand and loess soil, respectively. Then, the diversity of herbaceous plant community in each plot was investigated ,
and the total biomass was harvested and measured in laboratory. Based on the differences between the biocrusts and bare soil
plots, the effects of biocrusts on herbaceous plant diversity and biomass were assessed, and the pathways of these influences
were also analyzed using the gray relation analysis and structural equation model. Our results showed that (1) on aeolian
sand, Gramineae and Compositae are the dominant herbaceous families in uncrusted plots, Chenopodiaceae is the dominant
herbaceous family in cyanobacteria-dominated biocrusts plots, and Gramineae and Compositae are the dominant herbaceous
families in moss-dominated biocrusts plots. Correspondingly, on the loess soil, uncrusted plots are dominanted by
Compositae, Gramineae, and Leguminosae, which is the same as cyanobacteria-dominated biocrusts plots, and moss-
dominated biocrusts plots are dominanted by Gramineae and Compositae. (2) As compared with the uncrusted soil, the
cyanobacteria and moss-dominated biocrusts on aeolian sand increased the number of annual herbaceous species by 30% and
16% , respectively, and the number of perennial herbaceous species was increased by 44% by the cyanobacteria biocrusts
but decreased by 46% by the moss biocrusts on the loess soil. (3) In comparison to the uncrusted soil, the cyanobacteria
biocrusts on aeolian sand reduced the Patrick and Shannon diversity indices of herbaceous plants by 1.0 and 0.2,
respectively , while the moss biocrusts on aeolian sand reduced these diversity indices by 3.4 and 0.5, respectively. On loess
soil, the two diversity indices of herbaceous plants were decreased by 4.8 and 0.2, respectively, by the cyanobacteria
biocrusts, while they were decreased by 4.2 and 0.4, respectively, by the moss biocrusts. (4) In comparison to the
uncrusted soil, the total biomass of herbaceous plants in the cyanobacteria and moss biocrusts plots was reduced by 111.5
and 145.0 g/m’, respectively, on aeolian sand, while that on loess soil was reduced by 127.8 and 172.2 g/m” respectively.
(5) Soil penetration resistance had the greatest effect on herbaceous plant diversity with a correlation coefficient of 0.960
and 0.996 for aeolian sand and loess soil, respectively; while the contents of NH;-N and NO;-N had the greatest effect on
herbaceous plant biomass with a correlation coefficient of 0.727 and 0.752 for aeolian sand and loess soil, respectively. In
conclusion, biocrusts significantly reduce herbaceous plants diversity by increasing soil penetration resistance and thus
reducing seed germination and limiting root extension, and they also reduce herbaceous plants biomass by hindering nitrogen

adsorption from soil and thus limiting plant growth.

Key Words: the Loess Plateau; biocrusts; herbaceous plants diversity; plant community structure; biomass
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Table 1 Basic characteristics of biological soil crusts in sample plots

- WP+ Aeolian sand 41 Loess soil
F8F5 Indicator
gk Cyano #E2E B2 Moss Bk Cyano BELE HZ Moss
i gﬂ: 2 /o
Y n&m; v 66.54+18.19a 86.73+£22.33b 79.46+5.62a 84.35+13.18a
Coverage of biocrusts
2k 7 JERE
EYLBIRE /mom 8.08+0.76a 11.07£0.44b 7.81+1.11a 9.97+0.31b
Thickness of biocrusts
S AR S o
I EEREE R /(me/e) 30, 2.64+0.53b 0.57+0.32a 1.65+0.49b
Chlorophyll content of biocrusts
- IR i) 1K #E -
IR (Nostoc) ?Z:l jn:l;f constrictus) TR (Nostoc) |
H W4 Bz Wy b 2H TR & ( Chroococeus) E_?E%}( B o . i )‘ EEREEJE ( Chroococcus) LB ( Bryum argenteum) |
PR HE ry rgent N A AR .
Species components in biocrusts itk ¢z po ] i argenteum I WL(E, FLEF ( Bryum bicolor)
( Microcolus ) 55 ALst et i ( Microcolus ) %
(Barbula fallax)

FATAN RN L3RR 25 5 3 (P<0.05)

2.2 WSS B RS YY) R 2 Y R
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Table 2 The main herbaceous species from the plots of biocrusts and uncrusted soil

Kb+ Aeolian sand A1 Loess soil
P Family Fi Species X S BENE RA WS BEAR
CK Cyano Moss CK Cyano Moss
KAF} Gramineae PHE IR R BOR Poa sphondylodes 0.7 — 0.1 4.7 — —
PR FEHE Achnatherum splendens — — — 35.8 1.2 2.7
PR YDA Tripogon chinensis 0.1 — 0.1 0.5 — 2.4
AR Chloris virgata — — — 72.3 — 0.4
AN EL Setaria viridis 46.7 24.5 57.5 34.4 6.3 20.8
A =B Aristida adscensionis 1.2 — 7.1 — 1.3 103.9
A i Digitaria sanguinalis 0.2 — 0.2 — — 0.4
358} Compositae PRRATE Artemisia gmelinii — — — 41.7 36.3 5.4
PRIBRES Artemisia capillaris 7.3 93.1 31.2 9.2 1.6 2.4
PRl IR ZE I LEAE Heteropappus altaicus 1.8 — — 0.6 2.3 —
M ATE Taraxacum mongolicum 0.2 3.0 0.2 1.9 1.1 0.9
SR} Leguminosae PEARBIR B TE Astragalus melilotoides 0.5 — 0.1 3.9 1.4 —
PR T Lespedeza daurica 1.3 — 1.2 0.3 28.7 53
B} Chenopodiaceae AMERIE Salsola collina 15.6 80.8 — 4.4 — —
NEVKFE Bassia dasyphylla 1.5 9.9 — 0.1 — —
AJIZE Chenopodium aristatum — 0.8 2.2 — — —
H AR Liliaceae PHI1E: Anemarrhena asphodeloides 3.3 4.4 1.3 — 0.1 —
LR Polygalaceae Pk Polygala tenuifolia — — — 2.2 48.9 8.5
ARIBF} Equisetaceae PR Equisetum hyemale — — — 1.1 — 0.1
KEF} Bignoniaceae AA#E Incarvillea sinensis 13.8 1.1 6.3 0.2 — 0.1
KBt Euphorbiaceae MER R Euphorbia humifusa 8.4 — 1.5 0.8 — 1.0
4 JLE B Geraniaceae ARMHEAE JLT Erodium oxyrrhynchum — — — 0.5 0.1 —

P .24 B Perennial herb;A;*ﬂ‘:/}iﬁl’—\A Annual herb

2.3 WSS R RE Y Z R R R
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¥, EBELE KRR LAY 1.5 A5 1.4 %, AT ULEEAR + 1 AR W4l j 7 55 W 8 B T oA ) i 286 (P<0.05)
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Jodh i 22 5 3 BV AE 25 Bz W R T A R AR . i B 4l n, R I R R RN R A
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Fig.1 The dominant families and life forms of herbaceous plants from the plots of biocrusts and uncrusted soil
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Fig.3 The diversity indices of herbaceous plants from biocrusts and uncrusted soil plots
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Table 3 Soil properties of biocrusts and uncrusted soil

+ 1 JE KP4 Aeolian sand A1 Loess soil
Soil properties Jogk Kz CK W45 Cyano BEZE JZ Moss T4 CK HEZE R Cyano #ELE K7 Moss

FHOK S/ (em®/em?®)

. 0.08+0.01b 0.08+0.07b 0.09+0.01a 0.08+0.01b 0.08+0.01b 0.10+0.01a
Soil water content

Ergy/=lc:d o
i}%{m&_ /e 23.5+3.3a 23.5+3.4a 23.4+2.6a 23.4+3.4a 23.6+3.5a 23.5+2.5a
Soil temperature

2 >
LHEFBILI] /MPa 0.1+0.1¢ 0.3+0.1b 0.8+0.1a 1.1£0.1c 1.5£0.1b 2.1+0.1a

Soil penetration resistance
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415 Kb+ Aeolian sand w41 Loess soil
Soil properties Jogh K CK W4 K Cyano WELE 7 Moss Jogh K CK 4k K Cyano #ELE 7 Moss
A5 /(o/ke
BT /(g/ke) 8.0+1.8a 6.5+1.4h 4.740.5¢ 21.2+53a 10.12.0b 6.7+1.3¢
Organic matter content
NH;-N &t /(mg/kg)
22.5+1.3h 25.7+2.5a 27.5+3.0a 34.127.8a 34.424.6a 34.4+4.8a
NHI -N content
NO;3-N &4t /(mg/kg)
’ 19.124.4a 19.5+4.0a 21.4+3.1a 60.4=16.2¢ 95.4+16.9h 125.9+10.3a
NO3-N content
HACHE O I/ (mg/k
MR L/ (mg/kg) 4321.2a 53=1.1a 5.420.4a 1.7£0.8b 2.9+1.1a 3.1%1.8a

Available phosphorus content

R4 EXEYHSHEMEYES TEBEEHXEE

Table 4 Correlation coefficients between the diversity or biomass of herbaceous plants and related soil properties

T+ E M P+ Aeolian sand w41 Loess soil

Soil properties ZHEE Diversity H: Yt Biomass ZHEPE Diversity =Yy Biomass
+ 387K 43 £ i Soil water content 0.934 0.627 0.992 0.604
+ 5 Soil temperature 0.421 0.713 0.869 0.678
+ 5575 B F7 Soil penetration resistance 0.960 0.629 0.996 0.609
A HLFE A F Organic matter content 0.783 0.645 0.930 0.642
NH; -N %4 NH-N content 0.397 0.727 0.818 0.703
NO3-N % NO3-N content 0.460 0.702 0.665 0.752
KA S 4 Available phosphorus content 0.814 0.644 0.991 0.611

_071 k3
¥ R2=021
OA@‘*Q.\\'/ 232,
LRy 2 S ]< 0.5

X PR - HF
- R2=097 0.64 =)
//0 %A*#‘f d ‘
EX £ ~_ 7 o

~0. N A
52**\ . e

-0.85%*

ST
| R2=0.02
S -~
o &
N 0
Q ‘05

B5 EMEREMNERENSEEMENENERHTEER
Fig.5 SEM showing the effects of biocrusts on herbaceous plant diversity and biomass
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£l 43 %

3 e

3.1 WL O FA ) Z R /R R AL

Ao, 5 IoLs A, XD £ b el B FNEE 4k B A b BRI Patrick A1 Shannon 84043531
FEAR T 1.0.0.2 1 3.4 .0.5; M40 1 F A BIMEAR T 4.8.0.2 F14.2 0.4, BV ik 9525 B Fse s iz i b % 7 22
AAHY) ) 2 REPERS R, X S FEAAR S I Corvalan 2581 AURFFE 25 AR, IR G CHEEAHT R 0, L HEZE 5
RH. 7 A 385 K R RO 5 i 5 ) A ) A RN R SR (1) WSS i TR E £
ey 2 RE I, T - 8 2E 7 B A3 BRI T A A Rh - A R NS AR R A AR T S T RASAE ) A
PR, (2) A WSS 3N T KA IR BRI BLER W80 T AR R B A K A3 R SR 4 AR B, AT R
Wi AR 2 AREPE 2 AR 45 R o MR 45 B (i AR A (Y Shannon 388 FIE T 51% , i A&
fFEE R, D 4 1 5 45 B RAEZE B A ) Shannon 85053 3 R T 15% 1 30% , B4 1 L4350 R R T
1191 25% , FEMR /N T IEAA ST . — 07 T, 52 /M S R 3R BE R | oy /- S 1 R VS R A AR )
(R TE S5 F P RESE AR , TE A 5 2 AR 48 B B RE 5 5 — D, T BE 5 A6 A 245 B S AR M ik B o6, A
FEEE BT FT T2 LR X o (B I b 0 M A 235 K7 | T ASBIF 98 32 B X657 (%) i e 445 i Rl iz [RIAs) ARF o
A A bR T B B BRI R I T XD SR R, A2 IR R IR, B - A RS E R AR B
RTINS i 5 e b — 20380 1 5 4 - gl B I R T K 4 ATl B 4 & AR b
AR S 1207 VAR 2R ) (e FR B Oy PRI, 18 T S BCR A E B R TR A th T A s i i i 2
M AR R 22 T W5 22 R A R EE AR B R AT et B RT A S R AFE R4 (2 5) . filtm,
FE T R PR R UD ) s A HLYD U0 R e DR BB I SR U, AR W Al B R TR T A ) 2 R
P 5 WA R BEE T ARV B 2 MR S R VD AR T 45 SR R, A Wk e S B AR Y 2 AR MR
ik, R, AT B — I I 5 Pl REAR X 4 T 1 ik A W 465 e o B AR M) 22 Rk B B2 i ML , 4 I IOl ik 22
XS IR i — 20 A T 7 A= ) 235 B NP AR ) Z2 R PR SZ AL

®5 BREARREHENEENERENSHEZMNES

Table 5 Effects of biocrusts on herbaceous plants diversity in different regions of China

X B B g A B 2% ik

Region Rainfall /mm  Biocrust types Soil types Effects Reference

gﬁﬂﬁzfﬁfﬂ 6130 ML MRS BRI LA + [15]

- B T A Y e 4

oo Corbamngon Do L : (24

[ A% FLYDIEE Tegger Desert 180 WL W+ + [30]
#ELE R AR 2 B + [16]

B4 FE VML Mu Us Sandy Land 292 HARES S B b+ - [19]
WG ARG T #ELE - [22]

TP 5 R Tibetan Plateau 404 HEGE . MhARGE R #ELE [N R + [31]
wELE + [32]

% 1 F )R Loess Plateau 409 #ELE R Wb+ - [33]

R Z Wi i Ordos Plateau 426 BES R BEES ek + [34]

T 98K =1 i Tibetan Plateau 493 WELh N AL B BELk 1 Ll ) + [35]

+ FOR IR, - R AN
3.2 FAHEYIREVE S RN A WAk B B i Y e
AW I, A= 46 B S ECR AR YIRS 4k A b T R A Horh ROARE YR IS i DL AR AR Ak, AR
TG RURER 7 LU W) S R X 5 2R oR S AR, I an . 7 75 s S, R W48 K R AR BHE Y o L U
B ( Cyperaceae) M1 A2 H0 5 H R [, 17 B b b 6 B AR AR AE BB R BL YD L A Y 0 - AE R
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( Cruciferae) W HL 9] TV, T #E45 Kz Fb A 45 Jz 38 1 Hg 2F J L B ( Geraniaceae ) (R FL 1) R4S 13 SEHIF 5
M 25 Bz IR FEAKE R | - 8 DL R A S5 A AT T 25 5 HL S SE PR — SR IR AR W 405 B U8 T R A
IR TE TR S54L) 3K 7T RE 55 A 45 R 1) B e LA RN REAAE W) AR B 1 A 24 R A DG w ke, AR B e
THERBIE R T BRI BRI Bl — L R AVRh - 53R IO I A B X LARN & I 1F A 1 58 | 7 X — 287y
CERTERCPE BRR TR AR /N, B DC O T - R T RS A, TR I RO AR I R A RS R AR
W25 Kz 53 0h i Z2 W o 23 B T D 2R TR LA 22 |, LR 8 K b TG B S 5 el , (L AT 8 2 0+l B2 B
K, I B AR B AKE I REVR 4500 0 S0, AW 2 e T8 K MR 2L, AR TR AR R A 1A K X
A BE A 45 R R B AR R (B R R (At BRI A T A Al R X AR A R R
BB, X ReS A4 e S5 O, AR 2 B 35 T X FAAE Y RETE 1 5 W A7 AE — 5 B, 78 35 2 B
ZH, IRV KA SR A WAk Ky i VR TR B, PR A W 4 B S S 0 B A KR W) R T U A
FEAE MR SR SO A S A S AR AE 25 S E R
3.3 WS B AR P A s A PR S HL

AT BIR , TC R TEID TR A 1 - WSS AR W 45 K 24 W PR T A I A, TE
TORBEE R VD M AR 45 K A A Wk e 2R L 5 B AL 28 ( Hyalea pulchella ) [ A W) 53 0 B R T 8% Ml
26% " 1ELIAE N 55 R VML ARG R R B B AAE W) A W AR T 39% ) RIS K B AF A 45 SR —
U, ABEAR AR, RAKE Y A PR R A i A A BN B SR | AR BB AR AR A i B S5 S Y AR
FEelAR TR E R IEREH SR K R EE DA KOK SRR, NS T FEAKE Y A5 X SR 5 IR LA Y)
TERIAE T ARBFFE R NH-N FINOS-N #5415 R AR 4y A Wy i 0 SR 10 22 Hcdee 1, A1 L LA - 398 SR 3 L T
RESE A 45 B 52 I BRI ) AR ) R 00 E 2GRS . R A 8 1 B ) B A R 0, A AN AT e i 3
TR, MTET AR T RABRGE T HREAX B 2 SOV AR BRI E IR TR . A Was R BR
E—EBE BT LR BN T A A H S SRR, AR A R R A A 7 R A R A A
PETH BT, I P T REIE i R e 4, e FEE A A PR RAR Y A I W45 e R A M)
A i RS AL oy /R WESE VD 2 A BL YDV ISR O R IR D R BV B ARG VD A
AHIE T T B HRIE , (HAEAS [R5 X A ) 285 B 0 B AR AR it s AT BT ASTR] . 3K T g S5 [R5 DX A 1 485 Bz 1)
KB B DL AR TEE 2 5 05, MO, AHIFGT R | B A A Wb B R A ) A e 1 R A R
FERTFRUD L XA RESE A7 B4 + b AW ah Bt A= 5 i s e 5K (o, + 3 283 B ) AT HLSE  NH, -N
PPN NOS-N S 0S| B FLAKE W) 75 A L 1 5 A ) el R () PR

4 Zig

W5, A=Wy B 5 I 1 0 e o T 5 U DX REAS A W R v 2, [ I 25 e 1
TP ZREPE R A D WEFEEE AR R AR ) 22 A R A i 52 - S BRI A = s 1 74 7 TR PO 520
A2 B xg 13 B BN, AT REREAR T RASAR M B R R LR BRI T 2 AR R S, DT ARG
TRHAAEYI ZRENE AN, A2 Bl i S R ) 89 IR R T A B R YR AP SRR
T e U WAl BN AR 2 R A A e B R R AR FE RV E T AR X T IRA T i T R AR X
TR R AT H 20
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