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Effects of grazing exclusion on the abundance of functional genes involved in soil nitrogen
cycling and nitrogen storage in semiarid grassland. LIAO Liwong'>° WANG Jie® ZHANG
Chao'* LIU Guo-bin' SONG Zidin* ( 'Research Center of Soil and Water Conservation and Eco—
logical Environment Chinese Academy of Sciences and Ministry Education Yangling 712100

Shaanxi  China; *University of Chinese Academy of Sciences Beijing 100049  China; ’Institute of
Soil and Water Conservation Northwest A&F University Yangling 712100 Shaanxi China; *Col-
lege of Resources and Environment Northwest A&F University Yangling 712100 Shaanxi China) .

Abstract: We investigated the effects of grazing exclusion on the abundance of functional genes
(niff  amoA-AOA amoA-AOB narG nirK nirS and nosZ) involved in soil nitrogen cycling in
soil profiles (0-10 10-20 20-40 and 40-60 c¢m) from a chronosequence of grazing exclusion
(0 7 18 27 and 35 years) in the semiarid grasslands of the Loess Plateau. The relationship
between abundance of functional genes and soil nitrogen storage was evaluated. The results showed
that 35 years exclusion increased the abundance of nifH and amoA-AOB genes by 67.8% and 17.6%
compared with the grazed grassland respectively and decreased that of nirK genes. The abundance
of nifH narG and nirS genes in surface soil (0-10 ¢cm) were significantly higher than that in deep
soil (20-40 and 40—-60 c¢cm) indicating that those genes had surface accumulation effects. Grazing
exclusion increased soil nitrogen storage. Soil nitrogen storage in 0—60 cm layer was the highest at
27 years (20.96 mg * hm™) indicating that 27 years might be the optimum for grazing exclusion.
The abundance of nifH amoA-AOA and amoA-AOB had a significant linear relationship with nitro—
gen storage suggesting that microbes harboring these genes played an important role in soil nitrogen
accumulation. Total nitrogen bulk density and available phosphorus content were the dominant
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factors affecting the abundance of functional genes involved in soil nitrogen cycling. Our results pro—
vided a scientific reference for understanding soil nitrogen cycling and restoration of degraded grass—
land.

Key words: grazing exclusion; nitrogen cycling; functional genes; nitrogen storage; semiarid
grassland.
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AOA. AOB, . 100 m s
. edl 0~10.10~20.20~40 40~60 cm 4
N, O
’ 1
N Table 1 Geographical features of the sampling sites
Treat-  Altitude Latitude Longitude Slope Slope
;s ment (m) (°) direction
CK 2017 106°23728" N 36°17°06" E 18 26°NE26°
T, 2034 106°23728" N 36°16°57" E 20 38°NE38°
Tig 2025  106°23°15" N 36°1621" E 20 32°NE32°
14 Ty 2070 106°2327" N 36°1630" E 18 21°NW21°
Tss 2071 106°23°10" N 36°15705" E 21 29°NE29°
CK: Grazing; T;: 7  Grazing exclusion for 7 years; T\q:
18  Grazing exclusion for 18 years; Ty;: 27  Grazing exclu-
se16 sion for 27 years; Tis: 35  Grazing exclusion for 35 years.

The same below.
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. "N, (mg * hm™) ; BD
60 °C 36 h : (g*em”); TN (g-ke');D
1.3 (‘cm).
(S0C) - R vegan
; (TN) : ( one-way ANOVA)
( AP) Olsen ; ( NH,*N) LSD (a=0.05)
(NO;”N) 2mol *L'KCl 1:5 Pearson ( RDA)
: SigmaPlot 12.0
( » 7. *
1.4 5
PCR
( nifH~ amoA-AOA . amoA-AOB. narG. 2.1
nirKnirSnosZ) . 025¢ 1
UltraClean soil DNA Extraction Kit
DNA. 2
98 C 60 s; 30 98 C 10 s;50 C
30,72°C 30s; 72C 5 min 7-18.27 35
3 . PCR 3 ABI 7500 34.8%54.0%.75.2% 84.8%. 27
PCR . qPCR 0~10 ¢m 3.36 g * kg™
nifH. amoA-AOA . amoA-
AOB.narG-nirK-nirS  nosZ . 27 . 27 0~10
cm
2 PCR 34.67 g+ kg 24.49 g.
Table 2  Nitrogen cycle microbial functional gene PCR
amplification primers and functions
0~40 cm 27 35
Target gene Primer sequence ( 5°3) Function 8719
nifHl AAAGGYGGWATCGGYAARTCCACCAC — Np—NH, 2.2
TTGTTSGCSGCRTACATSGCCATCAT ’
amoA-AOA CCCCTCKGSAAAGCCTTCTTC NH,—NH,OH . .
GCCATCCATCTGTATGTCCA niftsnarGnirS  norZ
amoA-AOB GGGGTTTCTACTGGTGGT NH;—NH,0H -nifH
CCCCTCKGSAAAGCCTTCTTC ( ¢ 7.94%10° ~2.51x10° )
narG TAYGTSGGGCAGGARAAACTG NO, N0, 35 0~10 em g nifH  nirk
CGTAGAAGAAGCTGGTGCTGTT 269%x10°  3.31x10° 35 0~
nirk ATYGGCGGVCAYGGCGA N0, —NO 10 em . norZ 5 69x10°
GCCTCGATCAGRTTRTGGTT
nirS GTSAACGYSAAGGARACSCG NO, —NO -amoA-AOA
GASTTCGGRTGSGTCTTSAYGAA 27 35 amoA-AOA
nosZ AGAACGACCAGCTGATCGACA N,0-N, amoA-AOB

TCCATGGTGACGCCGTGGTTG amoA-AOA . 20~40 cm
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Fig.1 Root biomass and soil physical and chemical properties in different grazing exclusion years and soil layers.

Grazing, T;: 7
Tss: 35

nifH

Grazing exclusion for 7 years; Tig: 18

Grazing exclusion for 35 years.

( P<0.05) Different lowercase letters indicated significant difference among treatments at the 0.05 level. CK:

The same below.
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Fig.2 Nitrogen cycle functional gene abundance in different soil layers under different grazing exclusion years.
GEY: Grazing exclusion years; Depth: Soil depth.
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Fig.3 Distribution of soil nitrogen storage under different gra—
zing years.
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Table 3 Linear regression model of soil nitrogen storage
(N,) with nitrogen cycle functional gene abundance

df R? P

Regression model

N.=0.317mifH+2.567 58 0.076 0.033
N,=2.124A0A-12.264 58 0.306 <0.001
N.=1.38940B-5.697 58 0.265 <0.001
N,=0.373narG+2.422 58 0.011 0.428
N_=-0.070nirK+5.089 58 0.002 0.745
N,=0.492nirS+0.506 58 0.017 0.325
N,=0.205n0sZ+3.664 58 0.013 0.388

S
«
v
o
2
NO,-N TN b
—0.4}
"/nosZ
-0.6 L !
-1 0 1 2
RDAI (41.5%)
4
( RDA)

Fig.4 Redundancy analysis ( RDA) of soil nitrogen cycling

functional gene abundance and soil physical and chemical pro—

perties.

BD:

Bulk density; AP:

Ammonium nitrogen; NO; ™ -N:

Organic C; TN:
Water content.

Total N; RB:

Available P; NH,*-N:
Nitrate nitrogen; SOC:

Root biomass; WC:
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Table 4 Correlation coefficients between soil physical and chemical properties and nitrogen cycle functional gene abundance

Gene NO, N NH,*-N Available P Water Soil bulk Root Organic C Total N
content density biomass
nifH 0.505** 0.364** 0.466** 0.752** -0.819** 0.467** 0.797** 0.780* *
amoA-AOA -0.057 0.306" 0.170 0.832%* -0.538** 0.117 0.411** 0.482**
amoA-AOB 0.006 0.303" 0.234 0.880* * -0.608** 0.213 0.472%* 0.556**
narG -0.393** -0.384** -0.526** -0.385** 0.451** -0.324" -0.481** -0.462**
nirk -0.039 -0.011 0.142 0.208 -0.126 0.133 0.111 0.107
nirS -0.376** -0.326" -0.230 0.256" -0.062 -0.276" -0.339** -0.232
nosZ -0.215 -0.292" -0.346™ * -0.258" 0.152 -0.280" -0.303" -0.243
* P<0.05; * % P<0.01.
2 5.3%. . .
nifH.nirK  nosZ 35 nifH  amoA-AOB
nirK nirK 3
nifH nifH
% nrK
3
3.1
30 0~10 cm .
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