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Effects of temperature and moisture changes on functional gene abundance of soil

nitrogen cycle in permafrost peatland
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Abstract: We sampled peatland soil columns in the Great Hing’ an Mountains and studied the effect of temperature
increasing on nitrogen cycle related functional gene abundance at different depths (0—150 e¢m) by indoor simulation
incubation. We set up two moisture treatments, including soil original moisture content and flooding condition at 0—20 c¢m
and 20—40 cm, to study the effect of moisture on nitrogen cycle related functional gene abundance in 0—20 ¢m and 20—
40 cm. Temperature increasing significantly increased the abundance of nifH, nirK gene in active layer (0—60 cm)
transition layer (60—80 cm) and permafrost layer ( 80—100 c¢m ). Temperature increasing significantly increased the
abundance of nirS gene in active layer(0—40 cm), and transition layer (60—80 c¢m). Temperature increasing increased

the content of soil NH;-N in transition layer(60—80 c¢m) and NO-N in permafrost layer( 140—150 c¢m) , while reduced
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the content of NO;-N in transition layer(60—80 ¢cm) and NH;-N in permafrost layer( 120—150 c¢m). Correlation analysis
showed that NH;-N had significantly positive correlation with nifH and nirS gene abundance, and NO;-N had significant
positive correlation with nirK gene abundance. These results indicated that temperature increasing promoted the nitrogen
fixation and denitrification processes in transition layer(60—80 c¢m) by changing microbial abundance. Under the flooding
condition, the abundance of nirS and nirK and the content of NH,-N in surface soil were decreased, while the content of
NO;-N in surface soil increased obviously. The concentration of denitrifying substrate was decreased by flooding, the
denitrifying microbial activity was inhibited by flooding, and inhibited soil denitrification. The results are of great

significance for clarifying the nitrogen cycle process under climate change in the future.

Key Words:; temperature ; moisture ; nitrogen cycle; soil microbial functional gene; peatland
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P 4 niH LR F DT ORFEIK S T 3 nirK B nirS SE IR 32 B2 Bl 25 /K 43 O3 w38 m | nirK 2%
PR % = 4K 4378 Ak Py 7 B R A1 BRIk AR 3R AR K 7 A Yo UG P ) R AT S B 114 B o ket B A A
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)2 IR TR A R - AL, 20 302 IR, AT IR SRR T e 2 A R vk Ve s N, O R
T, AE G A AL 1 AN B . AR50 AR 2208 R T R e i o BIFFE X 42 38 3t 28 IS0 1, SR P S i
FE 1 PCR BOR A9 RGP AH O Moot il BE FOK 2 28 AR R e 13, AR 9E 1B 7 R 23K B2 52 ) K A
R X e A AR PRI AL AR LR At S ah A S AR s

1 #R57FE

1.1 BF5E XM
WFFE R, LT RIS S AR R T X (AR 2 1220867, b4 520047 | J@ T F8 IR R XS % , & 4E 7R
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85—110 d,11 H—A4F 4 AL FME REMAM N 7 DA SRR -3.9C , 4P REm Y
350—550 mm, [E/K FEEPLE 7—8 A X FEA YIS AREE SEAR JEMEAR R Y, bR
SRR EBAR A A AE T (Ledum palustre ) T KL ( Chamaedaphne calyculata ) , %M HEA B F B
W A% ( Vaccinium uliginosum) , EASFE Y £ ZAX R R 8 F 5 ( Eriophorum vaginatum ) , T 10 84 A5 ) ) 3 28
fRZ M P HEE ( Sphagnum palustre) ** o ZHLIX )+ 3R R A+

1.2 FEACRESESE

2018 4 8 H , UK 420k A X ML A8 o | BEAILIE BURE by, SRAF b 2 (] A B S 25 /0K 10 m, BRALH £
Bl AE 8 A IR (0—20 ,20—40 ,40—60 ,60—80 .80—100 ,100—120 ,120—140 cm F1 140—150 cm) , H
A1 0—60 cm IRE NIESNE ,60—80 cm IRE N IEE 80 cm UL FIEE HKIEE ., ATHBHEYIE R FEtH
P RLA PG5 ARRORAFZ M 52560 %, HC— 3B 205907 ff -+ 3ERE 5l o 398 pH (B S /K i, —3 40 1A
i B T EEAE TS AR 2 0.25 mm G, W2 HIERE S RIaE 2R S i, TR0 DI R IR AT .

B IR (F2 T 20 ¢ 1) B F 500 mL ) U, 76 5°C F 15°C BN REE R 3557, AN B g vk
HE, X 0—20 cm F1 20—40 em + 38, B4R B A K S3-ABE 43550k SR A B 11 - 498 S5 s 5 7K
WEACRAS ,0—20 em 1 20—40 em +IHE 5 K433 63.289% F1 58.18% , i 7K b FL ] 25 183 K 981 5 s A VA
HJ 1 em, )T TS BRI IE T PRI 55 d MR R, FESCIR LS S, A M e 1 UG IR A O
A W T REFE N nifH nirK F nirS F£5E LA NH;-N NO;-N &5,

1.3 SLR vk
1.3.1 36 YD ae L PR = 5 R il Uk

Y DNA 25 35 18 £ 32 Fast DNA SPIN PR 2GR & ( MPbio, USA) Ui BH 5 HERHFREL 0.3 ¢
R B Lysing Matrix E 8 H, A 978 wL Sodium Phosphate Buffer #1122 L MT Buffer , >k J FastPrep® 4b
FRSBS0 14000 gx 10 min, $f I REFERS R — 00 2 mL 25080 A 250 L PPS B5.0> 14000 gx5 min, ¥
EIEREREE—H0 5 mL Z08E A 1 mL Binding Matrix Suspension , HF-Hif#] 2 min J5# & 3 min, %
B 500 wL g R 56 IR -G E) SPINTM Filter J5#5.L> 14000 gx1 min, fillA 500 pl. SEWS-M %] SPINTM Filter
HELL 14000 gx 1 min, ¥ SPINTM Filter | i catch tube H A9 VR fE1 35, S0 14000 gx2 min, ¥ SPINTM
Filter i E]—A~#71%) Catch Tube HZE L KT 5 min, /ITA 100 wL DES Z5.0> 14000 gx 1 min fff DNA #4752 %]
Catch Tube H',-80°C VKA 1R AT,

FEIUG FH 0.5% 045 s B DR A BE RS 4k DNA $2 500y, 2R By-S 05 - T BEZE L, h T 4R15 38 B R M1
DNA FEARXHEEAFEAR VAT 3 IRE R AL EE . 229862 it PCR X (7500, ABI, SE[E ) 5 f 0 5 40 18 A9 nifH  nirK
N nirS FEPIFEFE S P BTSSR DL 1, SER PO i PCR OBIR RO 25 pl:12.5 pL ) 1x
SYBR ZZ % ( TaKaRa,Japan) ,0.4 pL 5147(10 uM) ,0.5 wL ROXII(TaKaRa) ,0.875 pL 3%BSA,0.625 uL —
H A ( DMSO) , 10 ng DNA 4T

F1 TEFRBENEXDEERSIYRYILERF

Table 1 Primers and amplification procedures of soil nitrogen cycle functional gene

[ 72973 519 JPH1(5'-3") PHET % 30k
Target genes Primer Sequence (5'-3") Amplification details References
Boctorialni PolF TGCCAYCCSAARGCBGACTC 95°C 10min, 40 cycles, 95°C 15s, 60°C 30s,72%C 30s, (7]
acterial-nifH PolR  ATSGCCATCATYTCRCCGGA 80°C 15s
10mi h syles: 1

Bacterial-nirk FlaCu ATCATGCTSCIGCCGCG ?5—0(1:"(:?“;’2"?: t(;(J)C (;(;‘ch Clysc es'589"?:%3055,726"3(:%3(3)(?S [28]
dctenatzr R3Cu  GCCTCGATCAGRTTGTGGTT ’ . > > ®

80°C 30s, 35cycles
Bectorialnies cd3aF  GTSAACGTSAAGGARACSGG 95°C 10min, 94%C lmin, 57°C lmin, 72°C Imin, 83C 129]
acternatTmrs R3ed  GASITCGGRTGSGTCTTGA 30s, 40 cycles
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A, Abundance fRFRBARIREE T, 00 % B4 Y0 F 52, Abundance, A5 S RE T, 002 WA 5
1.3.2  HEHb R

+ HERE S 2B 15 T AR, R AA3 LB /3 M AX (Seal Analytical 7 ) W S & &Y, A
2 mol/Li KCI ¥ M 38 #E i rh 4R BOCHL AL, i U85 I AA3 HE L2 sl BT ( Seal Analytical 75 [ ) Il 5E 58 ¥
o NH;-N NO3-N & i, W—E it fif + 8 T 85°C HAR tHRAL T 24 ARG T AT i ST R R i
T HERE R KR, PHSI-3F BUEREE I K £ H oA 10:1 /K HIRA TR pH {A,
1.4 B 558

iz JH SPSS 17.0 #A R IR 2 7 225387 (two-way ANOVA ) Fll i 2% 5 ( Tukey ) L M2 Pearson #H54)
BrAE T B AN ) AR BT M UG PR AR Wy oy R S R 3= B DA R EHL R % i i AT 25 5 B 3k A b, K
Tk K 438 Ak o] - 498 8 PR AH G AR A 0 B8 i 1 5 W), T A 300 A6 R AT O 22 40 B i 3 R AT IE SRR B (s-w
1) , BAFEIES 0, F18 H] Excel 2007 #EA7242 15

2 #HR

2.1 TIERLRERA R

ANTRITREE SRR BRAE BT AR 2 s, RIS /KRR 57.49%—79.03% , T pH {H i F #4.50—
4.76, T HER R G EAS LR R 4.48—11.53 mg/g, 18 /K LR R B R AE Y B0 7E 3 U )2 (60—80
em) , Fe/MEIHBAEZR )2 (140—150 em) o %X 380w BR 1 | I H 4 3R P Bt 2 0 5 A0 388 M v ek 553

£2 TRTEREVREBUMER

Table 2 Initial characteristics of different soil depths

TR oK FEE A

Soil depth/cm Moisture content/ % pH Total N/ (mg/g)
0—20 63.28+1.59ab 4.50+0.02a 10.22+0.58cd
20—40 58.18+2.15a 4.59+0.01ab 9.90£1.02¢d
40—60 64.10+1.17ab 4.62+0.02bc 9.23+£0.97cd
60—80 79.03+0.98¢ 4.67+0.02bcde 11.53+0.27d
80—100 68.14+4.12b 4.76+0.01e 8.33+1.06bc
100—120 68.97+1.39b 4.65+0.06bcd 6.30+0.37ab
120—140 69.17+2.32b 4.73+0.03cde 9.07+0.95¢d
140—150 57.49x1.33a 4.74+0.05de 4.48+0.29a

[RIZ AN [ 5B e b e M) 22 57 3% ( P<0.05)

2.2 TR OGS b - S5 A A DG G P 1 5
2.2.1 LT R A S UG PR S AR A 0y R DR = B A5 e R H R AR

9% 55 d I, AR SCHIUAE Wy Tl e B 8 B2 AR AL an & 1 s : 0—20 ,20—40 ,40—60 ,60—80 80—
100,100—120 ,120—140 ,140—150 em 12 nifH .nirK nirS PIHEFEE F2BE43 514 1.11x10"°—1.08x10' 2.60%
10°—6.87x10% ,9.07x10"—2.18x 10° JE[F #5 W %/¢ T+ . 0—20,20—40 ,60—80,80—100 cm FJZ 1 nifH It
DR = i i 2 10 P B T v S S B, 140—150 em 2 H nafH B 35 DR 32 88 i 25 L B A T o ol PRI R T o
WEHRE T 0—20,20—40 ,40—60 ,60—80 . 80—100 FI 140—150 cm + )2 nirK FEH FEEF, 0—20,20—40
60—80 cm 1 JZHT nirS PR B Bt L 09 T T BN, {H & 100—120,120—140 ,140—150 em + )2
nirS F K] 32 B Bl 25 IR A0 T T 8 D (3 3) o KUK Ty 2540 W 4 SRR W R N+ VR B X nifH  nirK
I nirS BERAT 8 5000 JF HAFAESCHEAR I (£ 4) o nifH nirK  nirS THREHED F B2 A LB BURHE ( Q) F1H
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3R 1.51,2.53 1.22, nifH nirK nirS YR8 HE K 3= B 1) 3 B2 B0 43 51 7 60—80 ,40—60 ,60—80 cm 1 )2

B, 1 20—40,100—120 ,120—140 em + 2K (K 1) .
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nirSEEF F:

Abundance of nirS gene/( X 1035 H#% W/ ¢ T 1)
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3

—=—5°C
—e—15°C
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140150 |

—a—nirK
—e—nirS
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1 BREASHARRETZERBEIMEXIIEERFENFINE LB EHRYE
Fig.1 Effect of temperature increasing on soil nitrogen cycle related functional gene abundance and its temperature sensitivity at different

soil depths

®3 BREMNARRELBEBAEXIEEEFENAREASESNNTENN
Table 3 Result of variance analysis on the effects of temperature on soil nitrogen cycle functional gene abundance and available nitrogen

contents at different soil depths

TR

Soil depth/cm nifH nirK nirS NH;-N NO3-N
0—20 28.04"" 20.099 ** 26.089 ** 2.015 0.412
20—40 71.94** 7.258 " 15.968 " 2.375 22.967 "
40—60 1.39 76.155"" 0.031 71.704 " 26.193 ™"
60—80 114.09 " 17.778 ** 27.416™" 87.241*" 20.130 "
80—100 20.01 " 24.661 " 1.871 8.100 0.827
100—120 0.023 3.219 32.498 ** 0.626 0.312
120—140 2.81 0.165 24.291*" 7.422" 0.078
140—150 773" 219.703 ** 162.349 " 54.266 " 142.084 "

# % FR P<0.01, = FIR P<0.05
2.2.2 IR EE T A RSO B R s e B A A S A OGP

KE4% 55 d J&5 , 13 NH,-N NO;-N & & A8k &l 2 7w : 0—20,20—40 . 40—60 ,60—80 ,80—100 , 100—
120,120—140 ,140—150 cm +-3 NH;-N NO;-N & 522 653 5120 26.95—81.71 mg/kg Fl 4.62—8.32 mg/kg.
TR T B T 40—60 ,60—80 F1 80—100cm + )2 NH;-N & 2, (H /2 B E AL T 120—140 1 140—
150 em )2 NH;-N & 5 (B 2) o Wb 82 & 7 b 92 38 NH-N & & B T 3R K KR )= (120—
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150 em) -4 NH;-N & (% 3) , BT B EFEIR T 20—40 ,40—60 1 60—80 cm +)ZH NO;-N i, i
FHEE T 140—150 em 2P NOS-N &8 (B 2) o M EETh & i P2 3 b NOS-N & & B, (H 242 &
TR IRIZ (140—150 em) L3P NOS-N & (K 3) o BN R T7 2870 Mrak W], LA e TR XS NH-N &%
A R, I H T FH A TAR, TR R NOS-N &AL (K 4) , MM Hr R0 NH,-N
TS nifH A nirS JERFE R BEIEAADE,NOS-N &5 nirK 5EH F 5 2 W2 EA ¢, nifH 5 nirK A1 nirS
B RFEEME nirk 5 nirS £ B FFMLE(FES),

F4 BRENLERERESEERMSEREEDEEEEENERRS BY MR ESE S E M

Table 4 Two-way ANOVA on the effects of temperature and soil depth and their interaction on soil nitrogen cycle functional gene abundance

and available nitrogen contents

WA F Influencing factors nifH nirK nirS NH;-N NO3-N
W3 JE Temperature 48.23 " 29.51"" 4.68" 7.35%" 0.75
R Soil depth 86.31"" 63.87"" 85.81"" 11.58 ™" 3.147"
T x - HEVR B TemperaturexSoil depth 20.33"" 18.73 " 25.79"" 5.52"" 5.55""

% % Fon P<0.01, = FR P<0.05

120 ~
0O 5°C

100 | 15°C
on 80 -
4 b
S b
E b
E 60
+L a
jasi
Z 40

S SSSSSSS SIS SIS

0—20 20—40 40—60 60—80 80—100 100—120 120—140 140—150

E , NN

E, N AN
S N N N

N [N N [
\

0—20 20—40 40—60 60—80 80—100 100—120 120—140 140—150

IR EE Soil depth/cm
B2 BEFSHAERELE NH,-N.NO;-N SEHHI

Fig.2 The effect of temperature increasing on NH;-N.NOj-N contents at different soil depths

x5 REAEXIIREESLERSEMEXSN

Table 5 Pearson correlation analysis of nitrogen cycle functional genes abundances and soil nitrogen contents

845 Indicators nift nirk nirS NH;-N NO3-N
nifH 1

nirk 0.580 "~ 1

nirS 0.688 " 0.727** 1

NH}-N 0.273" -0.125 0.409 ** 1

NO3-N 0.193 0.264" 0.194 0.036 1

# # Fon P<0.01, * /R P<0.05
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2.3 TRE UK ST AT ke 2 2 A HE UG PR S A P i s il
2.3.1 YR )E RGP SCHUE P SE R B AR

NI FK 43 2514 T 22 2 A 198 ] Z50RN SR A 20 B 85 A8 fE an 81 3 7 76 5C RN 1S°C A1 T, vk Ab
U 20—40 cm 3 nifH FER FE RN T 104.19% F1 18.28% , 0—20 cm JZ nirS F K 3 B 4 5 AKX T
37.21%H1 74.86% , nirK KK FE B 23 BIFEAR T 54.78% F1 57.06% , 20—40 em + 3 nirS FE P 7 BIFEAR T
10.88% F11 67.02% , nirK HePH = BE AR T 50% 1 29.33% . TEWE K S1E T, IR T+ ff 0—20 F120—40 cm
I nifH L AR N T 18.68% F1 11.47% , nirS FLPH 42 B8 2 BIFEAR T 32.26% F1 25.94% , T nirK
FE RS BIHE N T 212.17% 1 135.95% , 7K 43 Bl BE R K 43 14 28 B AE I XT 0—20,20—40 cm )2 nirS F
nirK &% 20—40 cm 1 nifH JERE A B EEm (£ 6) .

5°C 15°C 5°C 15°C

bl

=

S
T

24.00 —

>

=

S
T

18.00

e L P

=E] = =
! ! ! |
0—20 20—40 0—20 20—40 0—20 20—40 0—20 20—40
+ IR Soil depth/cm

nirSEEF FfE

nif HEEH 2 8
Abundance of nifH gene
/(X 10" L5 B/ e 1)
Abundance of nirS gene

SOOI LR T
s
|

o
f
ik

HH
il

—_

=

S
T

(=}
(=}

5°C 15°C
12.00 —

10.00

00 %1
600 I m ik

4.00 -
2.00 FEB @

nirKFE R = i

Abundance of nirK genee

/(X 1085 % B g F 1)

0 L == L L
0—20 20—40 0—20 20—40
F AR EE Soil depth/cm

B3 REFKSENNERETERBRCEEEEFERNM

Fig.3 Effects of temperature and moisture on nitrogen cycle related functional gene abundance at topsoil

F6 BEMKNMRETBERBEAVGEERFERASEXMHINERTESH
Table 6 Result of variance analysis of the effects of temperature and moisture on functional gene abundance and nitrogen contents at topsoil

TR EALTSES

Soil depth/em Influencing factors nift nirk nirS NHZ-N NO;-N
0—20 L 15.21** 33.40"* 13.64 " 23.30** 9.20"
Koy 0.02 18.68 ** 77.92** 169.40 ** 494.82**
L XK 53 3.97 5.58" 36.98 ** 135.89 ** 272.42**
20—40 LB 17.60 ** 23.72** 9.15* 231.48*" 7.03"
K5y 31.34%* 12.81** 30.83** 1741.02 ** 32.28**
XK 4 5.75** 0.01 23.17*" 1268.89 ** 75.89 **

# % Fn P<0.01, * FK/n P<0.05
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232 PR R A SRR A S ARSI Y R R

AR IRIIRE FUK 53451 F 222 38 NH-N 1 NOS-N A A8 (LI 4 FR 76 5°C 1 15°C 46 F R, Wik Ak
5 0—20 em F120—40 em 2 3 NH;-N & &0 B A%, 1 NOS-N & BB 241, 0—20 cm +3E NH-N
AR T 13.119%F191.92% , 1 NO3-N &3 T 13.31%H1 130.77% , 20—40 em +3 NH;-N & 453
BIEAR T 17.39% 1 89.97% , 1fii +- 4% NO;-N F7E 5°C &M PR T 11.10% 76 15°C 54 RN T 67.86% .,
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Fig.4 Effects of temperature and moisture on nitrogen contents at topsoil
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Table 7 Person correlation analysis of nitrogen cycle functional gene abundance and nitrogen contents at topsoil

1847 Indicators nifH nirk nirS NH;-N NO3-N
nifH 1

nirk 0.627** 1

nirS 0.631"" 0.655** 1

NHj-N 0.108 0.385° 0.859"" 1

NO3-N 0.085 -0.374" -0.791** -0.834"" 1

% % R P<0.01, * R P<0.05
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