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R 18 N,O HERS amoA F0 narG ThEEEE F FE 5 BN #1E°

( 010022)
amoA  narG N,O
3 ( Sa S Sc)
PCR(real-time PCR) N,O
narG( ) SA SB Sc 3
N,O 16.9 30.8 69.6 pg/(kg-d)
narG 0.415x10* 6.91x10* 9.44x10% copies  2.61x10* 5.36x10* 13.5x10* copies
narG RDA N,O
narG (r=0.863 0.975 P<0.01) pH EC
N,O pH EC N.O
(r=0.968 0.983 0.987 P<0.01) N,O (r=-0.800 P<0.05)
N,O (P>0.05)
X144 A
(complete ammonia
N,O oxidizer, Comammox)
(GWP) (1-2] NH; NO,-N 2015 Kessel " Daims
[13] 3
(Candidatus Nitrospira nitrosa Candidatus Nitrospira
31 N,O nitrificans  Candidatus Nitrospira inopinata) Pinto
[14] (
N,O Nitrospira) NH; NO,-N
[4-5] [15]
(amoA)

(ammonia-oxidizing bacteria, AOB)

(ammonia-oxidizing archaea, AOA)

(Nitrobacter) 18]
(NO»-N)
N,O1 2006  Costa Y

(41565009 41765010)
* (jiaoyan@imnu.edu.cn)
1990—

(nitrate reductase, Nar)
(nitrite reductase, Nir)

(nitric oxide reductase, Nor) (nitrous

E-mail: 1102853450@qq.com
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oxide reductase, Nos) 4 34.53 hm? 27.50 hm?
N, N,0!'%
AOB Nar (27281
AOB AOA AOB pH
[17] Shen U8 [29-31]
pH 83~8.7 N,O
AOB pH 3
N,O
(nirK/nirS) N,O
Nar
Zheng [ B-AOB
AOA Mosier 1.1
Santoro 22! B-AOB
amoA AOA 0~33 (40°28' ~41°16'N  108°11' ~ 109°54'E)
(practical salinity unit, psu)
Nar
NO;-N  NO»-N 7.7°C 213.5 mm
N,O 8 3212.5h 167 d
narG
Yang **
1.2
narG 2015 6
Wang (23] 3
TRFLP PCR (D (321
N,O ( 2
narG (10 mx10 m) (Sa)
Yang N:0 Ss) (S0 “s”
narG 3
0~20cm 3
1162 hm’
57.4 hm? 3 2 mm
4 C
(25-26] 20°C DNA
1 RIEAEE
Table I Information of sample plots
(g/kg)
Sa 40°50'6"N 20a 1.2
108°3929"E
Sg 40°50'10"N 20a 8.3
108°3924"E
Sc 40°50'18"N 20a 16.9
108°38'13"E

http://soils.issas.ac.cn



726 51
£2 HEBUSFIRED
Table 2 Soil salinization classification
(%)
<0.1 0.1~02 02~04 0.4 ~ 0.6(1.0) >0.6(1.0) HCO;+CO; CI CI-SOi
SOi -CI
<0.2 0.2~0.3(04) 0.3~0.50.6) (0.6)0.5~1.0(2.0) >1.10(2.0) SO0 SO -ClI" CI-SOF
1.3
1.3.1 pH EC qPCR
1:25 pH (Ct)
NOs-N y(lg y=—0.425 7 Ct + 5.280 2
(TN) R’=0.983 7 (g
- (SOC) )=-0.365 6 Ct + 4.510 4 R*=0.997 8
(AP) (AK) 10 2ul
1.3.2 PCR 60 ~95 C
0.5 g CTAB/SDS
DNA DNA 20 C 1.3.4 N,O Sai~Scs
SYBR-GREEN 9 100g 310 ml
narG-F(TCGC 5 ml 9
CSATYCCGGCSATGTC)  narG-R(GAGTTGTACC (25+1)C 7d
AGTCRGCSGAYTCSG)P* 25% T
amoA amoA-1F(GGGGTTTC (25+1) C
TACTGGTGGT)  amoAd-2R(CCCCTCKGSAAAGCC  21d 123 4 7 10 13
TTCTTC)) 16 21
PCR (25 ul) 10xPCR buffer 2.5 pl Agilent6820 N0
dNTP(2.5 mmol/L) 3.2 ul  Primer F/R(5 pmol/L) 1 pl 2h
Taq(5 U/ul) 0.125 w1 ddH,O0 25 pl DNA 2~3d
2ul PCR 95 C 5min 95 C
155 55°C 30s 72°C 20s 40 1.4
72 °C 10 min PCR AXYGEN ACKV xMx 2373
DNA Gel Extraction Kit N,O F= PP XZO(;-OT D
pEASY-T DH50 F NSO (ng/kg-d)) ¥
DNA (ml) AC
MI3F m/(L-d)) M N0 (44) T
PCR K) d @) m
AB 7 500 fast Bio-Rad (100g) 224 273 K( ) N0
Gel-Doc2000 (L/mol)
1.3.3 nx
amoA MA = % @)
356 ng/ul narG MA (copies) ¥  DNA
110 ng/ul 10* ~ 10" (u) n DNA ( /mol) ¢
10 4 PCR Ct
2 ul 3 (ng/ul) N
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pEASY-T 2
() M (607.4 g/mol)
Microsoft Excel 2010 2.1
SPSS 22.0 3 pH EC
(AVNOA) Microsoft Excel 2010
Orign pro 9.0 CANOCO 4.5 for windows 3
(detrended correspondence (P>0.05) pH
DCA) N,O amoA (P<0.05) EC
narG (RDA) (P<0.01) < <
*3 i HEEAMR
Table 3  Physical and chemical properties of soil samples
pH
mS/cm mg/k mg/k
(mSfem) - (mghe)  mgh®) ghg) (gkg)  (mekg)  (mgke) e (ko
Sxa 846+0.02b 0.46+0.01c 020+0.08a 237+0.05a 2.22+0.09b 14.1+143a 0.614+041a 591+0.12¢c 511 203
Sy 8.48+0.03b 090+0.01b 027+0.02a 2.76+0.03a 2.44+0.08a 154+0.86a 0.133+0.01a 16.05+0.13b 562 263
Sc 867+£0.0la 292+0.03a 024+0.02a 0.64=£0.16b 2.09+0.02b 10.3+0.30b 0.100£0.02a 41.59+0.26a 633 320
(P<0.05)
2.2 N, O (Sa Sg S¢)AOB
ANVOA 0.415x10*  6.91x10* 9.44x10* copies
N,O SA<Sp<Sc narG SA<Sp<
(F=107, P<0.01 1) 3 (Sa Ss Sc 2.61x10*  5.36x10* 13.4x10*
Sc)N,O 169 30.8 69.6 copies
png/(kg-d) SA<Sp<Sc 2.4 N,O
N,O
80 - a CANOCO RDA
70t N,O
5 o0l 3 (94.5%)
Eg 50 F (5.2%) 99.7% Monte
t;g 40 b Carlo N,O AOB
= 30f narG (r =
3 20k c 0.863 P<0.01 r=00975 P<0.01) N,O
“ ol [ pH EC (r =
0 SA 3 0.968 0.983 0.987 P<0.01) N,O
R L (SOC) (r=-0.800, P<0.05)
( N,O
(P<0.01) ) (P>0.05)
1 AREFEIZEE LIEF NO HEIBURER
Fig. 1 N,O emission rates from different salinization soils 3
2.3
N,O
ANVOA 3 N.O
AOB  narG SA<Sp<Sc Ruiz-Romero
(F=158 P<0.01 F=352 P<0.01 2) N,O
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(EC) 56 mS/cm N,O N,O
12 mS/em Marton (37] N,O
2r A or (B)
:gﬁlo-() o oF
M 8 T ZE o}
o ol % S gl
3= @ k=) b
S 4r i 6r
S S~ 4t c /
HE
[ 2r
0 * 0
S, Sy S Sy
ENGIEN Y ENGEN T Ty
2 AEEWHIEE TIE amod 1 narG ERAEE
Fig.2 The abundance of amoA and narG genes from different salinization soils
(=} r
= ~ Cortés-Lorenzo
SOC [39]
NaCl 3.7 g/L(EC = 12 mS/cm)
?\: Sorokin %
n amoA
S AOB 0.1 ~1.0mol/L Na*
! T
%*I AP 0.3 mol/L 3
e 12 83 169 gk
A 2 8. 9 g/kg
AK 0.45 090 292 mS/cm
oo EC’pH
T
-1.0 5—4h (94.5%) 1.0 AOB
(soc N AK AP ) narG
3 N0 HIUER SR R B LRENFEEURTE
BF MR HE "
Fig. 3 Redundancy analysis of the correlation among N,O emission
rates, the abundance of microorganisms and the soil properties (dNaR)
N,O dNaR
(P<0.01) (421
KCl
AOB )
NO;-N NO,-N Ca(NOs), NO;-N
(NR)
AOB
RDA N,O AOB
3 amoA amoA narG
narG (r = 0863 P<0.01 r = 0975
AOB P<0.01) N,O amoA
Mosier  Francis!?” narG [44]
Santoro 2! WANG  B¥ amoA
1% ~ N,O narG
4% (NaCl) NH;-N  NO,-N N,O
[45] [46]
AOB N,O
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N,O
(P 0.01)
DNA
N,O
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[47]

amoA

SOC
N,O
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N,O
SOC

noszZ

N,O
[51]
N,O
pH

pH
N,O

SOC

[54]

(P<0.001)

SOC

N,O

AOB  amoAd
AOB
N,O

N,O

mRNA

narG

amoA narG

RNA(mRNA)

mRNA
narG N,O
(S0C)
N,O

25°C

[48]

60%
N,O
SOC

SOC

N,O N,

[50]
N,O
60.35% ~ 72.46%
Feng (52]

N,O

SOC

[53]

(P<0.05)
SOC

PCR

narG

narG

DNA

N,O

1)

2)

(P<0.01)
3)

N,O
<
N,O
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(EC)
N,O

N,O

pH EC
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The Response Rule of Functional Gene Abundance of amoA and narG
on Nitrous Oxide Emissions in Saline-alkali Soils

WEN Huiyang, JIAO Yan', YANG Mingde, GU Peng, BAI Shuguang, YANG Jie

(College of Chemistry & Environmental Science, Inner Mongolia Normal University, Hohhot

010022, China)

Abstract: To reveal the response of N,O emission to the abundances of ammonia-oxidizing bacteria (amod) and narG

(membrane-bound nitrate reductase) genes, a culture experiment was conducted with light saline soil (S,), heavy saline soil (Sg)

and saline soil (S¢) under controlled temperature and moisture to study the effects of soil environmental factors on N,O emission

rates and the abundances of amoA and narG genes by real-time PCR. Average N,O emission rates were 16.9, 30.8 and 69.6

ng/(kg-d) for S,, Sg and Sc, respectively, significantly increased with the degree of salinization. The abundances of AOB were

0.415x10" copies (Sx), 6.91x10* copies (Sg) and 9.44x10* copies (S¢), while the abundances of narG were 2.61x10* copies (Sy),

5.36x10* copies (Sp) and 13.4x10* copies (Sc), respectively, indicating that the salinity stimulates the abundances of AOB and

narG-type denitrifying bacteria. The RDA analysis showed that the average N,O emission rate positively correlated with the

abundances of AOB (r = 0.863, P<0.01) and narG (r=0.975, P<0.01). pH, conductivity, available potassium and soil organic

carbon are the main environmental factors affecting N,O emission rate, they significantly correlated with N,O emission rate with

the coefficients of 0.968, 0.983, 0.987 (P<0.01) and —0.800 (P<0.05), respectively. The correlations between N,O emission rate

and soil available phosphorus and total nitrogen contents were not significant (P>0.05).

Key words: Saline-alkali soils; N,O; Nitrification; Denitrification
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