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Abstract: Nematodes occupy multiple trophic levels in the soil food web, which serve as important indicators of soil
ecological processes and play an important role in maintaining ecosystem structure and function. As desert engineers,

biocrusts have a positive impact on the biodiversity of the arid ecosystems. However, the mechanism of their impacts on soil
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nematode communities has remained unanswered. We collected the sample from different soil layers (0—14 cm soil layer,
every 2 cm layer) under the cyanobacteria- and moss biocrusts as well as uncrusted soil. In the laboratory, soil nematodes
were extracted using Baermann funnel method and then they were counted and identified. We comparatively analyzed the
effects of biocrusts types and soil depth on the richness, abundance and diversity of soil nematodes. The results showed
that; (1) The Cephalobus, Leptonchus and Microdorylaimus were the dominant nematodes in uncrusted soils, while the
Alaimus, Leptonchus, Cervidellus and Microdorylaimus were the dominant nematodes in biocrust-covered soils. (2) As
compared with uncrusted soils, cyanobacterial biocrusts increased the generic richness, abundance and Shannon index of
soil nematodes by 35.2%, 89.2% and 4.5%, respectively, while moss biocrusts increased them by 44.4% , 83.0% and
24.8%, respectively. (3) The nematode abundance in the soil profiles covered by two types of biocrusts exhibited a
unimodal distribution, with the highest nematode abundance found in the 6—8 cm soil layer, which was 3.2—11.7 times
higher than the deeper soil layer. The Shannon’s index increased as the soil depth deepened, with the highest index being
1.5—1.7 times higher than the deeper soil layer. (4) Soil temperature, available phosphorus content, and organic matter
content were the primary factors influencing the generic richness of soil nematodes. Additionally, organic matter content,
NH;-N and NO;-N content were the main factors affecting nematode abundance, while soil temperature, soil water content
and available phosphorus content were the primary factors influencing nematode diversity. In conclusion, biocrusts
significantly increase the abundance and diversity of soil nematodes by enhancing soil water and nutrient content as well as
by decreasing soil temperature, which further indirectly regulate the vertical distribution characteristics of soil nematode
communities by influencing the vertical distribution of soil physicochemical properties. It contributes to the understanding of

the maintenance and enhancement of biodiversity and ecosystem multifunctionality in arid ecosystems by biocrusts.

Key Words: moss biocrusts; Cyanobacterial biocrusts; soil animals; biological diversity; ecosystem multifunctionality ;

arid ecosystems
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Table 1 Characteristics and soil properties of biocrusts and bare soil

5 b otk Wz e
Measurement Bare soil Cyano crusts Moss crusts
25 17 35 FE Biocrust coverage/ % — 90.1+5.83 91.1+4.55
25 17 JELJE Biocrust thickness/mm — 6.41+£0.74 11.65+0.96
AR Bulk density/ ( g/cm?) 1.63+0.05 1.55+0.03 1.29+0.02
FRL & & (<2 pm) Percentage of clay (<2 pm)/% 0.77+0.10 2.14£0.07 5.29+0.07
HkE P i (2—20 pm) Percentage of silt (2—20 wm)/% 3.48+0.70 9.47+0.40 16.55+0.75
PR i (20—2000 pum) Percentage of sand (20—2000 wm) /% 95.75+0.67 88.39+0.28 78.16+0.45
+ 387K 43 &+ Soil water content/ (em®/cm®) 0.03+0.01 0.04+0.01 0.05+0.01
+ R E Soil temperature/ °C 41.77+0.38 37.96+0.24 38.10+0.22
A HLE A i Organic matter content/ (g/kg) 0.03+0.01 3.21£0.08 3.97+0.08
NH}-N %% NH}-N content/ ( mg/kg) 0.52+0.1 0.63+0.08 0.90+0.09
NO;3-N %4t NO3-N content/ ( mg/kg) 0.35£0.05 0.37+£0.04 1.06+0.17
AW A B Available phosphorus content/ ( mg/kg) 0.20+0.02 0.23+0.02 0.33+0.02
H =~ Zp,ﬁlnpz (1)
K p, M IR AR i 7 AR B
SI=100[ a/(a+b) ] (2)
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B/ AEE R
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Fig.1 The generic richness, abundance, Shannon index, PPL/MI , structure index and channel ratio of soil nematode from biocrusts and

bare soil
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BRI T 36.7% , it 2 B 78 5 e h 48 duJ 1) 3 5 FE AN Shannon F8%5 LU 345 K2 43 B3 IN T 14.3% 1 21.3%
WEAh A4S B W 5 T I RIS AR (B 1) o SRZ B AR L, s i s IR A A A
FEEL(PPL) 5 [ A TG 2 BB FEE (ML) B LB AR T 47.4% , B8 45 B AR T 31.5% , P s 45 iy Lh e 4
FeFEAIR T 23.2% , W4 K 78 o A 3 vh 28 th 25 A FE B 04 B 3N T 31.5% , B4 B LG4SR BN T 10.9%,
PELE R LLBESE BN T 18.6% (&1 1), AEW4h e 8 w3 4 AUl tU R T 0.5 AL o

A2 K RJC 4G P 8 o R e P R a2k ol 30 NE P B R L 11 B, S EREL I 2 8, MYk
FL 6 RN ELR 11 8, AFEZERAYZE R I R RL B A2 7 (R 2) i Jogs i
T T IE AL B E N AR JE ( Leptonchus ) 5% J& ( Microdorylaimus ) F13k W& ( Cephalobus ) 5 345 12 A i
4l J& ( Cervidellus ) . Jo W J& ( Alaimus ) 14015 J& ( Leptonchus ) . #¢ 45 2 i TE WA J& (Alaimus ) | RE A 2 )&
( Cervidellus ) T J& ( Microdorylaimus ) o A ATES T IR | B4 K 5 T0 2% i 7 o 3 b 28 eV 4544 1)
BTN 33.6% 55— E A b7 22.1% , BELS 5 T04E B 55 I 2R BETE S5 R 0 T 258 36.1% , 5 —
FHIT i 26.4% (K 2) .

K2 EYMERNTERBET HIELRBFR

Table 2 Species of soil nematode from biocrusts and bare soil

I B FEYm ep {8 A 25 [ 25 Biocrusts type/ %

Genus Trophic group c-p value #+ Bare soil L5 7 Cyano crusts BELEJ7 Moss crusts
TEWHJE Alaimus BC 4 3.7 61 35
REFLEIR Cervidellus BC 2 9.1 10.5 22.5
W2 & Acrobeles BC 2 3.9 2.2 8.9
& Cephalobus BC 2 33.6 2.8 2.3
13K & Tylocephalus BC 2 3 2.9 3.3
JBUR T Wilsonema BC 2 1.9 0.3 0.8
FAE Panagrolaimus BC 1 — 0.2 0.1
B3k & Eucephalobus BC 2 — 0.1 —
WE L & Diplogaster BC 1 — 0.1 —
WUEJR Chioplacus BC 4 — — 0.1
254 & Plectus BC 2 — 0.3 0.3
15 J& Leptonchus FP 4 13.5 11.3 5.6
VAR Tylencholaimellus FP 4 0.5 0.1 0.2
B ERLL MR Nacobbus PP 3 2.6 0.3 1.2
il Xiphinema PP 5 — 0.9 0.1
$EAJ® Pratylenchs PP 3 0.7 — 0.1
EWF J1)E Aphelenchus PP 2 — — 0.1
K41& Longidorus ppP 5 3.2 1.0 0.8
P T]JE Tylenchu PP 2 — 0.2 0.1
INGENR & Nygolaimellus Ca 4 1.4 0.1 5.3
MM J&E Discolaimus Ca 5 0.7 0.1 0.7
PEEYT & Campydora Ca 4 0.5 0.3 0.3
i W& Sectonema Ca 5 0.4 — —
AT 2 )& Dorylaimida Ca 4 — — 0.1
WOr J& Microdorylaimus oM 4 14.0 3.7 9.6
BelH @ Discolaimium OM 5 7.4 1.5 2.3
B4R Eudoerlaimus OM 4 — — 0.1
HLIBJ&E Labronema oM 4 — — 0.1
2 JEJ& Thornia oM 4 — — 0.1
WSRJEJE Thorneella OM 4 — — 0.1

BC: B 4N H Bacterivores; FP . X H £ HL Fungivores ; PP H & PEZE HL Plant-predators; Ca fifi 2k H predators; OM ; Z% 2k HU Omnivores ; %
TR 2R U (5 TR BRI T 43 L ;s c-p (R I LR BN PRI Bl 9 ABURR R B B0 R RO B A AR A
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Fig.3 Soil nematode abundance and Shannon index in the 0—14 cm soil layer of biocrusts and bare soil
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Rk S AREPE Y S 2 I RS R 2.289 2,255 Fi1 2,235, AR K (B I BE AN TS SR M e
W2 e RN | A SR FE RN 2 A B PR O - R U TR S e ) 25 A T R AR (BT 4) . AR EE B IR 1 B2k
R T 2R B S Y B OO, PSR N -0.67 . —0.46 F1-0.50,, TR UGS
LR U 2T R E RN, P AR 0.81, s 3Lk dUm i FE W R R E R R A A+
A MU 0 0 = AT R 0 IO, R B ) T A I O SRR ; s AR
BN EEHIRRE A A 0A LT LB (0 IR R0 50 - Sk e SRR £ IR N o R
A WM E R, A LB A R

R3 FREFBMTERENTEMFBZWI T

Table 3 Analysis of the influence of biocrusts type and soil depth on soil properties

- )=l TR EE G R R <+ IR
T ENE Biocrusts type Soil depth Biocrusts type X Soil depth
Soil properties
F p F P F P

A 3K 438 i Soil water content/ (em?/cm?®) 79.43 < 0.001 23.60 < 0.001 7.08 < 0.001
TR Soil temperature/ °C 2145.60 < 0.001 579.62 < 0.001 32.51 < 0.001
AP Organic matter content/ ( g/kg) 5064.09 < 0.001 19.50 < 0.001 26.61 < 0.001
NH}-N % & NH}-N content/ ( mg/kg) 59.45 < 0.001 178.05 < 0.001 19.18 < 0.001
NO3-N # & NO;3-N content/ ( mg/kg) 212.20 < 0.001 111.10 < 0.001 63.47 < 0.001
S i Available phosphorus content/ (mg/kg) 43.51 < 0.001 16.69 < 0.001 10.43 < 0.001
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Table 4 Correlation coefficients between the generic richness or abundance or diversity of soil nematode and related soil properties

THEE M JR B F B ZHEE
Soil properties Generic richness Abundance Diversity
+ 387K 43 2 Soil water content/ (em®/cm®) 1.908 1.922 2.255
IR Soil temperature/C 2.272 1.588 2.235
A MU Organic matter content/ (g/kg) 1.978 2.209 2.020
NHZ-N £ NH-N content/ ( mg/kg) 1.549 2.106 1.543
NO;3-N %1 NO3-N content/ ( mg/kg) 1.445 2.113 1.448
T & i Available phosphorus content/ ( mg/kg) 2.074 1.759 2.289
3 itig

3.1 AEWsh R S L U SZ I AL

AT R WSS e AR T T R IR U B A Wi e 55 H IR rh A R W R
H1 Shannon $8E053 91 HL ICEE B2 36T T 35.2% 89.2% F1 4.5% | M #E45 Kz A BIBGHN T 44.4% 83.0% F1 24.8% ,iX
55 Darby % BT S5 R —3, AR SR v, - 96T R R - 6K 43 5 ) - LR AR G R
Shannon F8ELHY F 2 H N FR |, LR 200 S B R 8 LR R . WSS T R
J& B35 BE S FE RN Shannon F8ELA AT AR R . (1) W45 K I IS & & fig i 25 42 = I annb ki & & %
ERLAD L S , M ACSE  IRARRRRPE 0 FEAR KRR L0di b T R HOK A i, o R ek iR {1 T
BRI 5 (2) A= W45 K 38 1o T 22 VRN 43 W B &1 22 W 254y ot EL A T 22 1) i g R RO 57 i, B2 F 1 - B3 43 1) 2 R
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Fig.4 Structural equation modeling of soil nematode generic richness, abundance and diversity by biocrusts type, soil depth and major
soil influences
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