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Abstract:  Objective  Soil nitrogen transformation is a microbially-mediated biogeochemical process that though strongly
influenced by global climate change, is an effective indicator of soil. Nitrogen supplying capacity and soil nitrogen availability of

a terrestrial ecosystem. Therefore, the study of characterizing soil nitrogen transformation helps to thoroughly and deeply
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understand the productivity and nitrogen cycling process in an ecosystem. Biocrusts, making up over 40% of the total area of the
land surface cover in the arid region, is an important type of earth surface cover in desert, and a major compositions of the desert
surface landscapes in the semi-arid and arid regions as well, so it plays a vital regulatory role in nitrogen cycling in arid area. This
study aimed to explore responses of nitrogen transformation rate, microbial biomass carbon and nitrogen and enzyme activity in
the crust-covered soil system to global warming, and reveal mechanisms of the responses from different levels (functional
gene—microbial biomass—enzyme activity) in an attempt to provide a theoretical basis for studies in future to identify ecological
functions of moss crusts in soil nitrogen cycling in temperate desert ecosystems under the background of climate warming.

Method  This study explored responses of soil nitrogen transformation rates, microbial biomass, enzyme activities and
functional genes to warming in temperate desert ecosystems with undisturbed soil columns with moss crust cover on the surface
collected from the field. Result Results show that soil net nitrogen transformation rates (net ammoniation rate, net nitrification
rate and net nitrogen mineralization rate), enzyme (N-acetyl-pB-D-glucosidase and urease) activities, abundance of microbial
biomass carbon/nitrogen transformation function genes (gdh, hao and amoA) responded significantly to warming and soil type,
and interactions between the two were apparent. Compared with CK, warmed moss covered soil was 49.5%, 63.2%, and 59.7%,
respectively, lower in net ammonification rate, net nitrification rate, and net nitrogen mineralization rate and lower in enzyme
(N-acetyl-pB-D-glucosidase, leucine aminopeptidase and urease) activities. Microbial biomass carbon and nitrogen, and in
abundance of ureC, hao and amoA, too (gdh exclusive). Moss crust covered soil was higher in net nitrogen transformation rate,
enzyme activity, microbial biomass carbon and nitrogen, and nitrogen transformation function gene abundance than mossless soil
under the same treatment.  Conclusion  To sum up, warming significantly inhibits soil nitrogen transformation process by
decreasing enzyme activity, microbial biomass, and functional gene abundance, while degradation of the moss crust weakens its

role in regulating the soil environment, thus accelerating the process.

Key words: Warming; Moss crust; Nitrogen transformation; Soil enzyme; Functional gene
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Table 1 Physical and chemical properties of the top soil (0~5cm) in the study area

T b AE TR A R 2R A
Soil type Pl Silt + clay/%"’ Total C/ (g'kg™") Total N/ (g-kg ') C/N
BESSLN L e 8.65+0.02a 8.17+0.11a 6.23+0.07a 0.35+0.02a 17.87+0.69a
Joe e 44 8.67+0.08a 2.29+0.22b 2.06:+0.03b 0.13+0.01b 16.14+1.68b

e AFEVNG FRACE A LR SR W 25 0% (P<0.05), " EOCKEILUIE . Note: Different lowercase letters represent

significant differences in parameter between two soils ( P<0.05) . 1 ) Measurement by Laser Particle Analyzer.@Moss crust covered soil,

(@Bare soil.
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MC-CK: Moss-crust covered soil as control, MC-W: Moss-crust covered soil under warming, B-CK: Bare soil as control, B-W: Bare soil

under warming. The same below.
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x2 BB (W) AR (S WEEEFRELER, BEE. BEVEVENTEUAXERFEZMHNE RS

Table 2 Two-way analysis of the effects of warming (W) and soil type (S) on soil net nitrogen transformation rate, enzyme activity, microbial
biomass and nitrogen transformation related gene abundances

FE 45 Index 14 Warming (W)

+ 125 Soil type (S)

H R < - A WS

Ra 0.02+0.00*
Rn 0.03+0.01**
Rm 0.054+0.01**
NAG 6.43£0.30**
LAP 7.16£0.96**
Ure 62.17+£6.28**
MBC 42.8542.63**
MBN 20.10£1.52%*
ureC 299.2+23.03**
gdh 251.2+18.64*
hao 3.68+0.36%*
amoA 17.72+0.77**

0.10+0.02** 0.05+0.01*
0.27+0.07** 0.10+0.02*
0.37+0.08** 0.15+0.01%*
18.10£1.03** 11.51+1.24*
18.63+£0.38%* 14.72+0.15

314.9+6.61%* 252.4+16.18%*

209.2+2.40%* 149.7£1.22%*
63.61£2.99%* 39.87+1.17
872.1£90.08** 613.4424.69

538.2+43.04** 532.1£23.97*

22.68+2.10%** 15.50+0.55*

53.00+4.85%* 25.75+0.84**

. Ra: HRMEZE; Rn: FEfLER; Rm: HETLEER; NAG: N-LBE-B-D-f &M EEIE T ; LAP: 2% &0 & 5 Ak G
5 Ure: WREEIGE; MBC: WUEW Y86 ; MBN: WMAEMAYRR; weC: SRR ; gdh: A &R S EEYHEH
hao: it EACEE A FED 5 amod . MBS S BAMISAEEAIEN, * P<0.05; ** P<0.01, TJd. Note: Ra stands for net ammoniation rate;

Rn for net nitrification rate; Rm for net nitrogen mineralization rate; NAG for N-acetyl-B-D-glucosidase activity; LAP for leucine

aminopeptidase activity; Ure for urease activity; MBC for Microbial biomass carbon; MBN for Microbial biomass nitrogen; ureC for the gene

encoding urease; gdh for the gene encoding glutamate dehydrogenase; hao for the gene encoding hydroxylamine oxidase; amoA for the gene

encoding ammonia monooxygenase; * for P<0.05; and for ** P<0.01. The same below.
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Fig. 2 Effects of warming on soil net nitrogen transformation rate and enzyme activity
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Table 3  Effects of warming on soil microbial biomass carbon and %\i’f{/ﬂﬁ s %E'c @J ¥§H§ , hao B8 ﬁ—ﬂ%ﬁ’ﬂjﬁc @Jﬂﬁﬁ

pitrogen M. BRI F T W A AT R T T LR

A By AR BTN R IEME(T . Yang 260970 2988 UM BT

Treatment  MBC/ (meke)  MBN/ (mgke ) U B AL U AL BB VI G, R T
MC-CK 209.242.40Aa 63.61£2.99Aa LS A ureC FHALIE D amod FEEXG N,
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Table 4 Correlations between functional genes and net nitrogen transformation rate
#1475 1 Fitting equation R? P
ureC & 5 R LR Y =1.284x10*xX-0.024 06 0.765 3 0.000 2
gdh I G R Y=1.827x10"*xX-0.027 46 0.5345 0.000 69
hao “F-JE 54 R R Y=1.217x107xX-0.036 14 0.804 2 <0.000 1
amoA FJE 5 ¥ L Y= 6.699x10*xX-0.080 86 0.900 8 <0.000 1

@ureC abundance and net ammonium rate, @gdh abundance and net ammonium rate, @hao abundance and net nitrification rate, @

amoA abundance and net nitrification rate.

4 2zt SRR AL T T X IR R R, HERR
H W e i BN R AL DI REFE R £ (ureC, hao
TERRAMET, L3R T A9 (] 42 5 e FR S5 25 M amod ) B3E AL, T IEEGIG M2 2B B, o

http://pedologica.issas.ac.cn



796

+ i

e 58 &

PAR R P I AoR e

2% 3CHk ( References )

[1]

[ 10 ]

[ 11 ]

Qing D H. An integrated report on the evaluation of
environmental changes of western China[R]. http :
/[www.irgrid.ac.cn/handle/1471x/642233.
[2002-12-25][2019-06-01]. [Z5 K. [ VG 20 45 36 A8
PEAL 255 R 25 [R]. http://www.irgrid.ac.cn/handle/1471x/
642233.[2002-12-25][2019-06-01].]

Li X R, Hui R, Zhao Y. Eco-physiology of biological soil
crusts in desert regions of China[M]. Beijing: Higher
Education Press, 2016. [ZE#oe, R, &7, P EFE
LAY LR RS A TR M), deat: REAE
R, 2016.]

Butler S M, Melillo J M, Johnson J E, et al. Soil warming
alters nitrogen cycling in a New England forest :
Implications for ecosystem function and structure[J].
Oecologia, 2012, 168 (3): 819—828.

Zhao C S, Hu C X, Huang W. Study on nitrogen
mineralization of two typical vegetable soils in central
China[J]. Soils, 2013, 45 (1): 41—45. [ K%, #K
B AR DA RS IR AR IR
FERFZE[I]. 3%, 2013, 45 (1): 41—45]]

MalL, Yang L Z, Yan T M, et al. Profile distribution and
mineralization characteristics of nitrogen in relation to
temperature in paddy soil under long-term fertilization[J].
Acta Pedologica Sinica, 2010, 47 (2): 286—294. [4
J1, phE, BUEME, 5. K AL KRS L R S
A5 IR BE X LI R R AR )], iR,
2010, 47 (2): 286—294.]

Guntinas M, Leiros M C, Trasar-Cepeda C, et al. Effects
of moisture and temperature on net soil nitrogen
mineralization: A laboratory study[J]. European Journal
of Soil Biology, 2012, 48: 73—80.

Garten C T Jr. Nitrogen saturation and soil N availability
in a high-elevation spruce and fir forest[J]. Water, Air,
and Soil Pollution, 2000, 120 (3/4): 295—313.
Dawes M A, Schleppi P, Hittenschwiler S, et al. Soil

warming opens the nitrogen cycle at the alpine treeline[J].

Global Change Biology, 2017, 23 (1): 421—434.
Weedon J T, Kowalchuk G A, Aerts R, et al. Summer
warming accelerates sub-arctic peatland nitrogen cycling
without changing enzyme pools or microbial community
structure[J]. Global Change Biology, 2012, 18 (1):
138—150.

Butler S M, Melillo J M, Johnson J E, et al. Soil warming
alters nitrogen cycling in a New England forest :
Implications for ecosystem function and structure[J].
Oecologia, 2012, 168 (3): 819—828.

Wu D D, Jing X, Lin L, et al. Responses of soil inorganic
nitrogen to warming and altered precipitation in an alpine

meadow on the Qinghai-Tibetan Plateau[J]. Acta

[ 21 ]

[ 22 ]

[ 23]

Scientiarum Naturalium Universitatis Pekinensis, 2016,
52 (5): 959—966. [IRSHFF, o, MhAx, 4. e
i e R ) - 48 T8 AL 0% 6 T R R K S 1 T [T
b RE2E M . HARPBIERR, 2016, 52(5): 959—966.]
Novem Auyeung D S, Suseela V, Dukes J S. Warming
and drought reduce temperature sensitivity of nitrogen
transformations[J]. Global Change Biology, 2013, 19
(2): 662—676.

Whitton B A. Biological soil crust: Structure, function,
and management[J]. Biological Conservation, 2002, 108
(1): 129—130.

Zhou X B, Smith H, Giraldo Silva A, et al. Differential
responses of dinitrogen fixation, diazotrophic cyanobacteria
and ammonia oxidation reveal a potential warming-induced
imbalance of the N-cycle in biological soil crusts[J].
PLoS One, 2016, 11 (10): €0164932.

Heindel R C, Governali F C, Spickard A M, et al. The
role of biological soil crusts in nitrogen cycling and soil
stabilization west  Greenland[J].
Ecosystems, 2019, 22 (2): 243—256.

MaLN,Li XT,LiuY,etal. The effects of warming and
nitrogen addition on soil nitrogen cycling in a temperate
grassland, northeastern China[J]. PLoS One, 2011, 6
(11): e27645.

LiXR, JiaRL, Zhang Z S, et al. Hydrological response
of biological soil crusts to global warming: A ten-year
simulative study[J]. Global Change Biology, 2018, 24
(10): 4960—4971.

Delgado-Baquerizo M, Maestre F T,

in kangerlussuaq ,

Gallardo A.
Biological soil crusts increase the resistance of soil
nitrogen dynamics to changes in temperatures in a
semi-arid ecosystem[J]. Plant and Soil, 2013, 366( 1/2 ):
35—47.

Khan K S, Mack R, Castillo X, et al. Microbial biomass,
fungal and bacterial residues, and their relationships to
the soil organic matter C/N/P/S ratios[J]. Geoderma,
2016, 271: 115—123.

Wang X X, Dong S K, Gao Q Z, et al. Effects of
short-term and long-term warming on soil nutrients,
microbial biomass and enzyme activities in an alpine
meadow on the Qinghai-Tibet Plateau of China[J]. Soil
Biology and Biochemistry, 2014, 76: 140—142.

Fu G, Shen Z X, Zhang X Z, et al. Response of soil
microbial biomass to short-term experimental warming in
alpine meadow on the Tibetan Plateau[J]. Applied Soil
Ecology, 2012, 61: 158—160.

Zhang W, Parker K M, Luo Y, et al. Soil microbial
responses to experimental warming and clipping in a
tallgrass prairie[J]. Global Change Biology,2005,11( 2 ):
266—277.

Schmidt I K, Shaver G R,

Mineralization and distribution of nutrients in plants and

Jonasson S, et al.

http://pedologica.issas.ac.cn



34

TRZEIIAE - MR 45 K 398 3 G0 U A8 3 B Bl A W 2 o SR G P ) 72 )

797

[ 24 ]

[ 27 ]

[ 29 ]

[ 31]

microbes in four arctic ecosystems :
warming[J]. Plant and Soil, 2002, 242 (1): 93—106.
Li X Q,JiaRL, ChenY C, et al. Association of ant nests
with successional stages of biological soil crusts in the
Tengger Northern China[J]. Applied Soil
Ecology, 2011, 47 (1): 59—66.

Li X, Sarah P. Arylsulfatase activity of soil microbial

Responses to

Desert ,

biomass along a Mediterranean-arid transect[J]. Soil
Biology & Biochemistry, 2003, 35 (7): 925—934.
Liu Y M, Li X R, Xing Z S, et al. Responses of soil
microbial biomass and community composition to biological
soil crusts in the revegetated areas of the Tengger Desert[J].
Applied Soil Ecology, 2013, 65: 52—59.
Blagodatskaya E, Blagodatsky S, Khomyakov N, et al.
Temperature sensitivity and enzymatic mechanisms of
soil organic matter decomposition along an altitudinal
gradient on Mount Kilimanjaro[J]. Scientific Reports,
2016, 6: 22240.

Sinsabaugh R L, Lauber C L, Weintraub M N, et al.
Stoichiometry of soil enzyme activity at global scale[J].
Ecology Letters, 2008, 11 (11): 1252—1264.

Kardol P, Cregger M, Campany C E, et al. Soil ecosystem
functioning under climate change: Plant species and
community effects[J]. Ecology, 2010, 91( 3 ): 767—781.
Zhou X Q, Chen C R, Wang Y F, et al. Warming and
increased precipitation have differential effects on soil
extracellular enzyme activities in a temperate
grassland[J]. Science of the Total Environment, 2013,
444 552—558.

Bai J H, Xu H F, Xiao R, et al. Path analysis for soil
urease activities and nutrient contents in a mountain
valley wetland, China[J]. Clean-soil Air Water, 2014,
42 (3): 324—330.

[ 32]

[33]

[ 34 ]

[ 35 ]

[ 36 ]

[ 37 ]

[ 38 ]

Chen X L, Wang G X, Yang Y, et al. Response of soil
surface enzyme activities to short-term warming and
litter Acta
Ecologica Sinica, 2015, 35 (21): 7071—7079. [Bil
W, FARZE, B, 5. b ARARER)Z LRGP X
SR e R W A S R (J]. AR AS SRR, 2015, 35
(21): 7071—7079.]

Wang X J, Zhou Y M, Wang X X, et al. Responses of soil

enzymes in activity and soil microbes in biomass to

decomposition in a mountain forest[J].

warming in tundra ecosystem on Changbai mountains[J].
Acta Pedologica Sinica, 2014, 51 (1): 166—175. [
I, MEM, £5F, F KALERESRE L E
IS e S B ) A e o R B MR B (D). s R
2014, 51 (1): 166—175.]

McDaniel M D, Kaye J P, Kaye M W. Increased
temperature and precipitation had limited effects on soil
extracellular enzyme activities in a post-harvest forest[J].
Soil Biology & Biochemistry, 2013, 56: 90—98.

Li X R, He M, Duan Z, et al. Recovery of topsoil
physicochemical properties in revegetated sites in the
sand-burial ecosystems of the Tengger Desert, Northern
China[J]. Geomorphology, 2007, 88 (3): 254—265.
LiuYM, YangHY, Li XR, etal. Effects of biological
soil crusts on soil enzyme activities in revegetated areas
of the Tengger Desert, China[J]. Applied Soil Ecology,
2014, 80: 6—14.

Li L F, Zheng Z Z, Wang W J, et al. Terrestrial N,O
emissions and related functional genes under climate
change : Global Change
Biology, 2020, 26 (2): 931—943.

Yang YF, GaoY, Wang S P, etal. The microbial gene

A global meta-analysis[J].

diversity along an elevation gradient of the Tibetan
grassland[J]. The ISME Journal, 2014, 8( 2): 430—440.

(REHE: HRA)

http://pedologica.issas.ac.cn



