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Abstract; Biological crusts play a significant role in influencing the physical and chemical characteristics of soil, as well as
in shaping microbial diversity. Nevertheless, there remains a notable deficiency in research regarding the impact of
biological soil crust development on the underlying soil within inland saline-alkali wetland ecosystems. This study examined
soil physicochemical properties and enzyme activities before and after crust formation and crust layers in the Longfeng

Wetland of Daqing City, Heilongjiang Province. High-throughput sequencing and RDA were used to analyze bacterial and
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fungal abundance, community structure, and environmental factors. The study identified drivers of microbial community
composition and employed PICRUSt and FUNguild to predict the potential functions of dominant species. Results showed
that subsurface soil salinity decreased after crust development. Subsurface soil organic carbon, total phosphorus, organic
phosphorus, and available potassium contents, along with sucrase, urease, alkaline phosphatase, and catalase activities,
were significantly elevated. The proportions of sand and silt also increased, indicating that biocrust growth can enhance
nutrient enrichment and ameliorate soil texture. The analysis of microbial diversity reveals that crust development
significantly influences the formation of dominant species within both bacterial and fungal communities beneath these crusts.
Notably, bacterial community diversity is substantially higher than fungal community diversity. The abundances of dominant
bacteria and fungi in crust layers and subsurface soils were significantly higher than in bare soil. At the phylum level,
Proteobacteria, Actinobacteria, and Bacteroidetes were the dominant bacterial groups, while Ascomycota and Basidiomycota
dominated fungal communities. At the genus level, the dominant bacteria were Anditalea, Egicoccus, and Mongoliibacter,
while the dominant fungi were Verticillium, Neocamarosporium, and Fusarium. The weighted path of the structural model
was used to explore correlations among soil salinity, enzyme activity, nutrients, and microbial richness. The model-fitting
results indicated that soil nutrients strongly influenced microbial richness. Among them, available potassium, alkali
hydrolyzable nitrogen, organic carbon, salinity, and pH are the important factors that can significantly affect the
composition of microbial communities. We also found that endophyte-lichen parasite-plant pathogen-undefined saprotroph
was the most abundant in fungal function. Bacterial functions were predominantly annotated to metabolic processes, with the
most prominent pathways including amino acid metabolism, carbohydrate metabolism, and the metabolism of cofactors and
vitamins, all exhibiting relatively higher abundances. The increased bacterial abundance effectively enhanced soil nutrient
content and facilitated the restoration of desertified soils. In conclusion, these findings provide an important microbiological

theoretical basis for analyzing the restoration effect of biological soil crust development on urban wetland ecology.

Key Words: biocrusts; physicochemical properties; microbial diversity; function; wetland
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Fig.1 General situation of biocrusts in the sampling area and biocrusts samples
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Table 1 Physicochemical properties of crusts and soil samples

HR £ i 257 Sample type

Factor S sC C

FR B pH 10.72+0.02a 10.51+0.04b 9.68+0.05¢
R Soil salinity/ % 1.80+0.10a 0.40+0.10¢ 0.67+0.06b
HHLEK Organic carbon/% 2.06+0.30¢ 3.01+0.23b 6.74£0.22a
4% Total nitrogen/ ( g/kg) 1.4120.64b 2.12+1.14b 5.17+0.57a
R % Alkali-hydrolyze nitrogen/ (g/kg) 0.10£0.04b 0.13x0.08b 0.30£0.07a
45T Total phosphorus/ (pg/g) 381.69+7.74¢ 448.82+26.03b 1137.04:+4.80a
A LB Organic phosphorus/ ( ng/g) 265.16+1.93¢ 306.96+14.24h 941.98+5.12a
TSR Available potassium/ ( mg/kg) 141.90£2.21¢ 152.10+4.04b 158.48+1.99a

1)S ARk, SC USSR 2, C RS BR 5 2) A EFRiEZE [R5 6] 5B R A bl ] 22 53 .35 (P<0.05)

2.3 AW IREE R R E R AU A B 5

W o0 BTt £ S A= 45 e B )2 SR HIARAT BUZE R AN 3R 2 Fos . 45 K R BT 1Y L ab ks Kok hi
M BRI N SC 41>S 4, Fhki & BRI N SC 4 <S A, Hrp wHRE BHIINT 14.00% , Byki & &34 10.
33% , FRi S FEAIK 24.33% Bk S AL B B . IR ST FEAS T K30 EAT 30 0IE , A= ) 48 25 B2 1) & B il
AR e ORI Y o, 25 Al B 2 (P<0.001)
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Table 2 Mechanical composition of soil samples

FEFHZEHY Sample type i Sand (2—0.02 mm) /% ki Silt(0.02—0.002 mm) /% Fki Clay(<0.002 mm) /%
S 36.6667+1.5275 20.3333+1.1547 43.0000+1.7321
sC 50.6667+1.5275 30.6667+0.5774 18.6667+1.5275
t -11.2250 ~13.8636 18.2500
P 0.0004 0.0002 0.0001

2.4 RS R T RS A SRR T B

3 RGN I 43 B A5 0 25 e e - HE R RERR G DRI Rt R I ) AU U 4 R M S5 R AR 2 R,
g5 Mg K -3 ) 4 FREETEYE XA e AR R 25 5 H 28 7 3% (P<0.05) , AR A € 41>SC 41>S 4, 455 )2
4 PTG e, 5 A S R S T B (P<0.001) . 5 RE )G T RGBT a - HORE
WG KA R R A | i A A S A T M2 B 290.00% . 23.07% .57.39% 24.03% , X} ERE B IS MR T
YIRS R
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Fig.2 Enzyme activity in biological crusts and soils
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Table 3 Crust and soil bacterial community o diversity

I AT Bacterial community HLHTEY Fungal communities
Indexes S sc C S s C

B ¥ Richness 1422.67ab 1580.00a 1093.67b 400.00a 400.00a 432.33a
B35 Coverage/ % 99.57b 99.64a 99.63a 99.79a 99.83a 99.85a
Chao 1 #5%X Chao 1 index 1423.10ab 1580.27a 1094.47b 401.50a 400.97a 433.57a
¥ FRFHE 2L Simpson index 0.05a 0.04a 0.06a 0.25a 0.30a 0.13a
Shannon %X Shannon index 6.15a 6.35a 5.4a 4.25a 3.71a 4.54a
ACE 8% ACE index 1666.46ab 1767.54a 1366.10b 493.65a 469.99a 500.09a

2,52 S5R K EIEMANGE | E BRI

51 R R IR AR TR OTU ¥ 43 o 181326722331, HIA OTU £ =431 607,565,564,
I OTU it M 1211, B E LA OTU ity 444, 40 OTU EeiEHEF Jy SC 41(891) >S 41 (668) >
C 4 (340) , HEFHA OTU F iy 4 C 41(57) >SC 4H(40) >S 4 (27)

PATTIKAF B S8 7K SR 4328 PR 225 1l 20 B | TR AR 7 A R P an 1 3, P b 7 = R HEAS /T 20 AT T
S FEAAAXT FBEHEA T 5 AT 153000 AR TE T ] T ] AT BT T AT )R 2R BT ], B
RATEWE I, HRHSHEAL F 500 FREW ] T A& B s,
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Fig.3 Relative abundance of dominant bacteria and fungi at phylum and genus levels
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