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Abstract: The aim of this study was to explore the influences of arbuscular mycorrhizal (AM) fungi on N,O emissions and
nitrogen-transforming functional genes in maize-growing cinnamon soil under different nitrogen fertilizer rates, so as to

provide the theoretical basis for clarifying the mechanism of AM fungi on N,O emissions in cinnamon soil. Two factorial pot
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experiments were established as follows : nitrogen fertilizer application rates (N I ; 105 mg/kg; NI ; 210 mg/kg) and AM
fungi treatments ( MO: no AM fungi inoculation; M1: Rhizophagus intraradices; M2 Funneliformis mosseae; M3,
Rhizophagus intraradices + Funneliformis mosseae) . Soil ammonium nitrogen, nitrate nitrogen, maize total nitrogen content,
and soil N,O flux were measured. The abundance of soil nitrification functional genes ( amoA-AOA and amoA-AOB) and
denitrification functional genes (nirS, nirK and nosZ) were determined by using real-time fluorescence quota PCR. The
results showed that all AM fungi treatments significantly reduced soil N,O emission fluxes and emission accumulations. The
effect of AM fungi in reducing soil N,O emission accumulation was ranked as follows: MO>M2 >M1>M3. Soil N,O emission
fluxes and emission accumulation of the same AM fungi treatment were higher at N I input than at N I input. AM fungi
colonization of the same AM fungi treatment was lower at NI input than at N I input. Compared with MO treatment, soil
ammonium nitrogen content with M1, M2, and M3 treatments under the conditions of N I input reduced by 24.5%,
20.8% , and 45.3%, by 19.7%, 14.9% , and 30.2% for nitrate nitrogen content, and increased by 16.3%, 35.2% , and
59.6% for aboveground total nitrogen content, respectively. However, under the conditions of N I input, soil ammonium
nitrogen content with M1, M2, and M3 treatments reduced by 20.9%, 24.8% , and 40.0%, by 36.3%, 25.6%, and
45.2% for nitrate nitrogen content, and increased by 33.2%, 43.9% , and 95.4% for aboveground total nitrogen content,
respectively. Under both nitrogen fertilizer input rates, the AM fungi significantly reduced the abundance of nitrification
functional genes (amoA-AOA and amoA-AOB) and increased the abundance of denitrification functional genes (nirS, nirK
and nosZ). AM fungi was significantly negatively correlated with the soil N,O emission fluxes. Under the conditions of the
present pot experiment, our study concluded that AM fungi could improve nitrogen absorption capacity of maize plants with
two nitrogen fertilizer application rates, regulate nitrification and denitrification functional genes abundance and reduce N,O
emission. The N,O emission reduction effect of two AM fungi mixed treatment was stronger than the single AM fungi

inoculation.
Key Words: arbuscular mycorrhizal fungi; N,O emission; nitrogen transformation functional genes; cinnamon soil ; maize
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Ko FON, OHERGE £ (pg m™ h™") 30 AN, OURFEARHEARA T2 B (1.96 kg/m’) sde/de RSAFENN,O
SARIHRBEAEALRE (g L™ h™") sh RS @ BE (m) 5 T R RAEAR N FEIREE (C) o

N, O RFHEB R HE AT .

M=y [F“'; Ft} x (T, —T,) x24/1000 (2)

o, M Ry 4N, O REHECR (mg/m?) 3 F AN, OHEBGE & (ng m™ h™') 50 MREERE T/ T, 53 0 05 i
YR i+1 YORFERFE](d) .
1.3.2  TIETCHLE IR AR 4 2

T RIOIR I BIAR L RS FORAR PR -4, 30 K AFAE -80°C VKA T 4% DNA HEH, —& 5>
TR HE S B AT (AA3 SEAL, 8 [E) & I TTHLA (AR EER) & &,

FRMMRIRE , FIREAE7E 105°C 227 30 min J57, 70°C LT ZAEH #3575 H H,80,-H, 0,1 , K i 3
ST (AA3, SEAL, 72 ) M E R 2/ S .
1.3.3 S DNA $2HL

FREUSAEAE -80°C VKA Y T 3ERE S 0.5 g, #4218 Fast DNASPIN Kit for Soil (MP Biomedicals, 3¢ & ) i1 &
Dy B T S DNA 481, $EHUS T 19 A9 BB B 5 e o vk ks U i B2 DNA B i e 38 1k, JF R 4%
ANTIEIEEE T ( NanoDrop2000 , Thermo Fisher Scientific , 32 [E) il %2 DNA & B A4 B | 4600 B i 545 19 DNA
il 38 TR SE T AR BE 25 FR A R A T8 0 1 SR A W% =X RV (PCR) 43 #T 6
1.3.4 RO E R PCR

XF amoA-AOA .amoA-AOB nirK .nirS Fl nosZ FEHN 17 € #4381, H ChamQ SYBR Color gPCR Master Mix
(A U A MR A BR A B 3N &, 78 96O E ' PCR X (ABI7500 %4, Applied Biosystems, 3% &) [ 147
Y X & PCR B30T, B PCR 51 Ay #8454 W3 1, %062 & PCR BN R R by 20 pL, H 4 &
10 pL 2X Taq Plus Master Mix FJ K 45 0.8 L B9 BIES 1A FIES 9 (5 wmol/L) (1 wL #iRE) DNA 5
M 7.4 WL BBEEAK , 30 A EE AL pMD18—T ZARAE bRl FURL (BRI /IN 2692 bp) |, S8 )5 83 A =R AR
YE TR ()48 LR, $22 810 A BER FE DEA TAR R, 1 BRI X HE 3 A, FE LA 107" — 107 MR BB B A b o ok A
BB , AT SIS E B PCR 973 . 738 S W AR % 4 : 95°C T2 M 5 min, 95°C 221k 30 s, 72°C HEH 1 min,
35 MIEI,

1 WHEEPCRAITASIMREY
Table 1 Primers and conditions for RT-PCR

E B PCR LT

[EEne | 519 FIYFH 5-3 Reaction conditions of 275 3k
Target gene Primer Primer sequence quantitative amplification Reference
PCR

amoA-AOA Arch—amoAF STAATGGTCTGGCTTAGACG T 1 [15]
Arch—amoAR GCGGCCATCCATCTGTATGT

amoA-AOB amoA-1F GGGGTTTCTACTGGTGGT By 1 [16]
amoA-2R CCCCTCKGSAAAGCCTTCTTC

nirS nirSCA3AF GTSAACGTSAAGGARACSGG TP 1 [17]
nirSR3cd GASTTCGGRTGSGTCTTGA

nosZ nosZ-1F CGYTGTTCMTCGACAGCCAG By 1 [18]
nosZ-1622R CGSACCTTSTTGCCSTYGCG

nirK nirK1F GGMATGGTKCCSTGGCA 7 2 [19]
nirKSR GCCTCGATCAGRTTRTGG

PCR . B4 B0 RN B 1:95°C FZZHE 5 min, 95°C 25 30 5,58 CiE & 30 s,72°CZEM 1 min, 35 MG ; FEFF 2:95°C HIAEHE 5 min, 95°C
A% 30 5,50°CIR 2K 30 s, 72°C HEAH 1 min, 35 MG ; )T 3:95°CTAE M 5 min, 95°C 254 30 5,60°CiR K 30 s,72°C ZEfH 1 min, 35 PMEH
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ot BRI U 3R S 5, AT I FORMR R, TS K VR T BUBM B AR ( LR <2 mm) , B9 A%
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1.4 FAEAHE 5 58

FIF Excel 2016 1 SPSS 25.0 #E 17 #5040 & B4 AT, 53 P 4G 560 R FH O 22 40 i, SR e/ 8 38 25 S ik
(LSD) T Z B ILH . K] Pearson AH G/ XF AM B HIEM S A ESA, AL RE L £ 5
N, OHEJGE & 22 (B A M7 4301, R A Origin 2018 #EA743 14,

2 HREHSH

2.1 AM EFE AT +HEN, OHER Y 5
2.1.1  HHEN, OHEGHE & 3h 481k

A1 1 AN, PR EUKCE R AM B AR P+ HEN, O HE0E 54 52 Je 0 5 BRI 3, +4EN,0
Hlg g H BRAE I AT S5 55 3—4 K, AM E R ALY 3N, OHE UG A R 2 7l AM ELT B HE R 2 /T, N T KSF
T, N, OHE i A8 LG BN 24.7—507.6 wg m™ h™', 55 MO AHEL, M1 M2 M3 203 AN, OHE 0 6 1 43 531
FEAIK 32.7% 37.5% 11 46.8% ;N 11 7KF-F , N, OHE it i 12 A8 fk i Bl 4 21.6—655.8 g m™ h™', 5 MO i kb, M1,
M2 M3 BN, OHEHCE B WA 43 BIFEAR 25.7% 24.5%F1 32.8%, 5 N 1 A1, N 1A /K MO M1 M2
A1 M3 b PR AN, OFEHHE AR /3 S8 N 29.2% 41.1% 57.3% 1 63.5% , M3 AbBAE £ RAERHPIN, O HE il &
PIFB A , 17 MO A B B A5, mT AL it FH AU R4 0 N, O HE G &, 26 Fh AM ECB R A 1N, O HE
BGHE R, SUH D7 2R, JUIE AM BB & 3 B S N, OHEBGHE & (3% 2) .
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Fig.1 Dynamic changes of soil N, O emission flux under different treatments
MO AEEFD AM E B ; M1 B0 AR P 3R FE 5 ( Rhizophagus intraradices ) ; M2 ; B2 7l B TG SR BE B ( Funneliformis mosseae ) ; M3 : B2 Rl Rhizophagus
intraradices + Funneliformis mosseae “FWHIRA ;N T 105 mg/kg Mi%Uht ;N :210 mg/kg MUt
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®2 @B AM EEAER EZ EERMENE, TEEXIERZRENERAESH
Table 2 Two-way ANOVA for the effects of nitrogen fertilizer, arbuscular mycorrhizal fungi and their interaction on plant and soil

related indices

N, OHEffE 2 N, O emission flux /(ug m™2 h™!) 126.2** 79.4 %% 25.7 %%
FEARHL 34 % Total nitrogen of the plant /( mg/kg) 146.8*** 102.5*** 342
FIIHLA Soil inorganic nitrogen /( mg/kg) 47.9%%* 123.6*"* 16.8**
amoA-AOA/ (5 115/ ) 65.6"" 78.6 " 23.9%"
amoA-AOB/ (¥ 18/ ¢) 47.97** 86.4%** 16.9**
nirkK/ (¥ 04/ ) 35.47%* 78.5%** 13.7%*
nirS/ (¥ 0L/ ¢) 56.2%* 82.3** 17.5**
nosZ/ (¥ 45/ ¢) 38.9%** 78.5 %% 2477
AM : AREB AR ; Fe B A B AT 1 F (B, | o o+ + 43 50387% 0.05,0.01 F10.001 7KF- 22 F- 1
212 HHEN, 0 ERUHERE
& 2 AT, PR KT, SR AM B Ab 2

) 4N, O REHE A & 4 R B8 MO>M2>M1>M3, N 80 r CO Mo B8 M1 M2 M3
AR, 55 MO FIEL, M1 M2 i M3 4b LN, 08 2 T°f 1

BUIERCE 3 51 B REAR 32.9% 37.3% M1 47.4% N1k L 2 [

T, 5 MO M EE, M1 M2 I M3 AbFERY LN, 0 2E EE T

eI 53 1) 525 R 20.6% 21.5% F133.8% . 5 N 1 5‘.5;6% ;‘Z i

KA, NTKSFE T MO ML M2 Fil M3 BN, 0 2 22

HECE 4 B8 I 22.7% 39.5% 49.1% F1 56.7% , Ak g ?2

M, 5 MO Mk, M1 M2 Al M3 4b 3R +3EN,0 2 .

Hel i1 0 25 I (P<0.05) , Horp M3 Ab B R AIK +

HEN, 0 2R RO BCR R BOICE Nlevels

2.2 AM EFEMEEN HIEE SR SRR RN B2 FELETFHEN,0RRHME

rr 3 a2, W R ZUKSE T, AM BB AL PR 4 Fig.2 Total N,O emissions under different treatments
EREAR IS A S A & & (P<0.05) ,7E N [ K ARG SRR ARSI 576245 (P < 0.05)

SER, 5 MO AL, M1 M2 FiT M3 ZbFE R ISR A A

I AR 24.5% 20.8% F145.3% , 13RS S A w0 B AR 19.7% 14.9%F1 30.2% ; 76 N K-, 5 MO AH
Lt , M1 M2 Fil M3 Zb3F IS A & i 4 B FEAIK 20.9% 24.8% F1 40.0% , T IERSAS A & 140 IR 36.3%
25.6%F145.2% , NI AKF-T ,AF AM AR H Y HIEESA AR S EY KT N &0, 5 N ML, N, i
RUKFEAF T MO M1 M2 il M3 Ab B A 4 40 25 05 43 B3 N 49.5% 51.8% 46.8% Fll 53.9% , WA A &
Sy BIREIN 73.4% 37.7% \51.6% F1 36.2% , MR IT 20 Hras LR, ZE AM BB K& =34 BAE B Ewm+
BEMASTH(FK2),

2.3 AM ECPE RN AR FRAB A b4 U 5 )

L 4 m A TR — it EUK S T, AM B AL BRSOk 4 A & R B MO<MI<M2<M3, 7£ N I /K
SR, MO AHEL, M1 M2 AT M3 AR T K b A 0 o) S N 16.3% (35.29% 1 59.6% ; 7E N 1T 7K
R, 5 MO AL, ML M2 F1 M3 AP FoK b b E A S i i BB N 33.2% 43.9% 1 95.4% . 5 N 1 AH
e, N IR MO M1 M2 Fil M3 ZR3E oK H b 34 0 & =40 38 i 7.6% .23.4% 14.3% 1 33.3% , W
N 22045 R i, ZUIE  AM BCB M — 3 HAE W R vk LA e (£ 2),
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Fig.6 Effect of arbuscular mycorrhizal fungi and nitrogen on gene abundance of amoA-AOA and amoA-AOB
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Fig.7 Effect of arbuscular mycorrhizal fungi and nitrogen on denitrifying gene abundance
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®3 N,OHMEES5TELNE AM EEMIIGEEFEENHEXX RS
Table 3 Pearson correlation coefficients between the N,O emission fluxes with soil inorganic nitrogen, arbuscular mycorrhizal fungi and

functional gene abundance

AR TSR

Ammonium Nitrate amoA-AOA/  amoA-AOB/ nirK/ nirS/ nosZ/ AM HTH
nitrogen/ nitrogen/ (B Hve) (/e (e (BIEVe) (U AM fungi/ %
(mg/kg) (mg/kg)

LIS

Correlation coefficient

w5 FRAHIENETR 0.01 B 37K 5 + RS 0.05 3K

0.834"* 0.678 " 0.734"* 0.451* -0.802"" -0.724"* -0.810"" -0.839""

2.7 TIETCHUA AM HBE AL ORI D e R TR] A AH DG S A

&l 8 AT R ], HIRES A S B S A A Y & amoA-AOA | amoA-AOB K& [K] 7= FF B4 & 25 1 AH G
(P<0.01) , HIEMEESES amoA-AOA .amoA-AOB FE K £ FE B4 g 3 IE A (P<0.01) , 5 nirS .nosZ FE[A
FHE AM HE R B E AL (P<0.01) . amoA-AOA R[N FE 5 amoA-AOB FE[H F ) B & IFEAHE (P<
0.01) ,5 nirK .nirS \nosZ FEHF F B AM I 2 AL (P<0.01) o nirK Fl nirS FEHF FE 5 nosZ FEH
FRE AM B S E EIFME(P<0.01), nosZ IEHFFHEE AM EEH 2 5B IEAE(P<0.05) .
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