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Abstract: Biological soil crusts play a crucial role in nitrogen cycling processes in the ecosystems of arid and semi-arid
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regions in Northwest China. Climate models predict that the northwestern region will experience significant changes in
precipitation patterns in the future, and the nitrogen cycle is particularly sensitive to these changes. However, it remains
unclear how increases or decreases in precipitation will affect nitrogen cycling processes in biological soil crusts. This study
was conducted in the field observation area for ecological restoration of desert grasslands in Ningxia. A completely
randomized single-factor experiment was set up to observe plots with increased and decreased precipitation. Using a
metagenomic sequencing approach, we analyzed the response mechanisms of microbial community structure and functional
gene diversity involved in the nitrogen cycle under three treatment conditions: natural precipitation (CK), 50% reduced
precipitation (DW) , and 50% increased precipitation ( AW) to changes in precipitation levels. The results showed that the
microbial community structure composition participating in nitrogen cycling in moss crust soils mainly includes the bacterial
phyla Actinomycetota and Pseudomonadota, as well as the archaeal phyla Nitrososphaerota. The NMDS analysis results show
that there are significant differences in the microbial groups involved in the nitrogen cycle in moss-crusted soils under
different precipitation conditions, and there are also significant differences in the diversity of functional genes related to the
nitrogen cycle. The relative abundance of the narB gene under AW conditions was significantly higher than in CK and DW,
and the relative abundance of the nasB gene under AW conditions was significantly higher than in DW. The relative
abundance of the nrfA gene under DW conditions was significantly lower than in CK, while the relative abundance of the
pmoB/amoB gene under both DW and AW conditions was significantly higher than in CK. The PERMANOVA analysis
results show that different precipitation treatments and soil organic matter (SOM) can explain 20.25% and 14.12% of the
variation in the composition of nitrogen-cycling microbial genera, respectively, and 26.23% and 19.33% of the variation in
the composition of nitrogen-cycling functional gene diversity, respectively. The nitrogen-cycling microbial processes in moss-
crusted soils are significantly affected by precipitation levels. Under the future scenario of increased precipitation, the
chemical properties of moss-crusted soils are capable of maintaining dynamic equilibrium, and the assimilatory nitrate
reduction process will be enhanced. A future trend of decreasing precipitation may lead to an increase in NH;-N content in
moss-crusted soils, while also limiting the dissimilatory nitrate reduction process. Under both reduced and increased water
conditions, the ammonia oxidation process will be enhanced. The variation in functional gene diversity of the moss-crusted
soil microbiome in response to changes in precipitation indicates the adaptive adjustments of microorganisms in their nitrogen

cycling functions.
Key Words: mossy biocrust; N cycle; precipitation; soil chemical properties; metagenomics
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Fig.5 NMDS analysis of the microbial composition involved in the nitrogen cycle and the composition of functional genes under different
precipitation conditions in mossy biocrusts

AW . 1K 50% ;CK. H W‘F%ﬂ(,DW JBIK 50% s NMDS ; JE B+ 248 RE 4387 non-metric multidimensional scaling

NEIEK LT #5852 5 RBIG IR R DI RESL R ZE P LU 25 SR UL 7, 25 SR K | narB &R AT £
FEFERGIK 50% (AW) 540 T 2.3 & T H SR FE K (CK) AN 7K 50% (DW) |, nasB %& R {8 FH XT 22 B HE 38 7K 50%

http ; //www.ecologica.cn



. = vep iy =/ &
91 VET A K DI BESS K TR W A BB R RE 1 S 4425
o AW e CK e DW
P » LEfSe 5143 H7
N g_unclassified_f Solirubrobacteraceae
N g_Leptolyngbya
Hﬁﬁﬂﬁﬁﬁlj - *0.041 o_Leptolyngbyales
Nitrososphaerota . f Leptolyngbyaceae
» g_unclassified_f Comamonadaceae
Th %‘\‘ 6%‘ I *0.026 f Promicromonosporaceae
ermomicrobiota o_Pseudonocardiales
3 I f Pseudonocardiaceae
Armati%onadot?i l *0.032 g_unclassified_o_Thermomicrobiales

10 20 30 40 50 60

f_unclassified_o_Thermomicrobiales

0 o_Thermomicrobiales
SE A s 0 o_unclassified_c_Anaerolineae

:Fﬂ]ﬁ ﬁ It Mean proportlon/ % g_unclassified_c_Anaerolineae

Ej(ip f unclassified_c_Anaerolineae

f_unclassified_o_Pseudonocardiales

unclassified f Rubrobacteraceae _ *0.030 g_unclassified_o_Pseudonocardiales
o o_unclassified_p_Armatimonadota
SR Nitrosopumilus - #3 (0.002 g_unclassified_p_Armatimonadota
f unclassified_p_Armatimonadota
Candidatus_Nitrosocosmicus E ##0.003 f unclassified_c_Thermoleophilia
- o_unclassified_c_Thermoleophilia
N # 0.030 g_unclassified_c_Thermoleophilia
T IHELTAF B Solirubrobacter _ 3 & Flavisolibacter
. . . lassified_f Xanthobact
unclassified_o_Thermomicrobiales - *0.027 g_unciassiiec L a':’;‘;erar?gel;f;z:
Auraticoccus
unclassified_f Solirubrobacteraceae - * 0.016 gﬁgﬁL ongitalea

f Microbacteriaceae

YT i I Segetibacter - *0.021 ¢_unclassified_f Roseiflexaceae
g_unclassified_f Rhodocyclaceae
unclassified_c_Anaerolineae - *0.025 f Rhodocyclaceae
f_Solirubrobacteraceae
unclassified_o_Pseudonocardiales . *0.045 g_Segetibacter
o_Bryobacterales
unclassified p_Armatimonadota b *# 0.015 f unclassified_o_Bryobacterales
- g_unclassified_o_Bryobacterales
unclassified_c_Thermoleophilia ' *0.046 g_Sphingomonas
. gﬁNlastel!a
Desertimonas : * 0.041 gﬁBe_lnapla
f_Streptosporangiaceae
g o Labrys
B A B Sphingomonas t *0.029  No :5murza
. o _Chloracidobacteri

unclassified_o_Bryobacterales L *0.024 & orgfi{:mﬁpeﬁzz
f_Tepidisphaeraceae
Pseudorhodoplanes r *0.032 o_Tepidisphaerales

. L . | | ) ! ! n | |

0 1 2 3 4 5 6 0 1 2 3 4

SEHE 43 Bk Mean proportion/% LDA54y LDA score

6 ARBKEFHTEHEERPFSERBERNENKBEEZRSN
Fig.6 Differential analysis of microbial taxa involved in the nitrogen cycle under different precipitation conditions in mossy biocrusts
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Fig.7 Differential analysis of functional genes involved in nitrogen cycling under different precipitation conditions in mossy biocrusts
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325 A BIR 8 7K A3 R SR 5, %o Jok ) S 25 BRI 25 A s Ry 3G, W AAE J S el 9 37K ST B R LA A1 B 5
P22 Meta 43 M4l LSR5t T4 [ L T 32 A2 ) 1 39645 2 B2 R A SOML AT TN AH b BEAT A= 9 1 3945
B 78 55 ) SRR TN S B — B 7R AR B R K VI R R 250—400 mm B S E E f L AR BT
JEIA] 2022 4F (A3 KRR 251.4 mm |, 2023 4E54 271.6 mm , SRR AYAES- SRR 0 TR 48 i A Pl
fi R U AR BT 5 T BE R N A R . HABIFGY 2 B AR B A% BL VDI al o B S R VDM, B AR 4E R K AN
ARG T Bl AR B R R K S 0 R BRAR 25 B ok AR AR ) - S B A T DX YRR AR, /N RUBE R K S
(<5 mm) AN 2 T 350E ) HELE K iR B B, T K RUEERE /K 544 (>20 mm) P3G AT B 25 T8R4
SRy 3 X R v 3 > S5k BEA L, SR/ K R RN K AL B ) A ) A Al e SR A
A3k 67% ", KB T A Y 1 82, e A BE 7 iR 7K A BT AS Ak {0 TC 1 R K /NI S n o] | R Bt
ARG BRI RGN BeAh, B TR ACIR B B AR Ak, A ) - el e AR A nT RE A kAR AR AR, TR
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Table 1 Explanatory of different precipitation treatments and soil chemical factors on the microbial community differences involved in nitrogen

cycling in mossy biocrusts

AF 4 Variable an%i?iib E'I\/[Z:fnjj;f F R? P

434 Group 0.04878 0.02439 1.90436 0.2025 0.042
T AL SOM 0.03401 0.03401 2.62992 0.14117 0.042
M TP 0.02116 0.02116 1.54045 0.08782 0.210
MA TN 0.01989 0.01989 1.44005 0.08257 0.210
B A NH;-N 0.01662 0.01662 1.18543 0.06898 0.323
A% NO5-N 0.01178 0.01178 0.82247 0.04889 0.600

SOM; +HEAHLIT Soil organic matter; TP ; S4# Total phosphorus; TN £ %( Total nitrogen; NH}-N: 245 % Ammonium nitrogen; NO3-N ; fif & %(

Nitrate nitrogen

x2 AERALEMTBCZEFNELEEFSEARAYRERSHEERNERE
Table 2 Explanatory of different precipitation treatments and soil chemical factors on the diversity differences of functional genes involved in

nitrogen cycling in mossy biocrusts

i s RN V-7 2% P R p
Variable Sums of Sqs Mean Sqs

434 Group 0.0136 0.0136 5.68934 0.26231 0.042
T HE LT SOM 0.01002 0.00501 1.7975 0.19333 0.363
M TP 0.00356 0.00356 1.1792 0.06864 0.465
MA TN 0.0035 0.0035 1.15805 0.06749 0.465
B S A NH;-N 0.00286 0.00286 0.93462 0.05519 0.478
fiSA NO3-N 0.00159 0.00159 0.5056 0.03063 0.691

SOM ; HHEH LT Soil organic matter; TP ; &8 Total phosphorus; TN B % Total nitrogen; NH}-N: #4#5 % Ammonium nitrogen; NO3-N : fil§ &5 %
Nitrate nitrogen
PERMANOVA 73 &5 SR 2 W [ 7K 251 B 238 Xof 8 45 Bz 80 20 A= T /K P 4 B AT S5 B9 i, 47K
AEEE(AW) 5 A SRFEK AR B (CK) LU ISOK AL B ( DW) Z [0 77 1636 I Y 25 57, X b 22 e n] BETR T /K 384 i e
R K SRR A AL | T HEIR B R B A X SE R TR R TR R AR ARG A B L, &
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