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Effects of warming and exogenous carbon input on the abundance of key

microbial functional genes of carbon-nitrogen cycle in peatland soil
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130102, China
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Abstract; In order to investigate the effects of temperature rise and exogenous carbon input on key microorganisms of carbon
and nitrogen cycling in peatland soil, surface soil samples (0—10 cm and 10—20 c¢m) of peatland in permafrost region
were collected in July 2017. The simulation experiment of temperature increasing was conducted for 42 days under 10 °C
and 15 °C, and glucose addition treatment was set up. Fluorescence quantitative PCR technology was used to analyze the
changes of key microbial abundances in soil carbon and nitrogen cycles in peatlands. Simultaneously analyze the effects of
warming and exogenous carbon input on soil activated carbon components and inorganic nitrogen content in peatlands. The
results showed that the increasing of temperature could change the abundance and community structure of soil
microorganisms in northern peatlands soil. Soil microorganisms in 0—10 c¢m soils were more sensitive than those in 10—20
cm. Under the condition of increasing temperature, microorganisms rapidly decomposed active organic carbon. Meanwhile,

the increasing of temperature accelerated the turnover rate of soil nitrogen and increased the available nitrogen content.
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Exogenous carbon input overall improved the microbial abundance of deep soil, which significantly increased the abundance
of bacteria, methanogens, methanotrophores, ammoxides and denitrifiers in 10—20 ¢m soil, and hence possibly promoted
the process of methane oxidation, ammonia oxidation and denitrification in 10—20 c¢m soil. There was a significant
interactive effect of temperature increasing and glucose addition on the abundance of key microorganisms in soil carbon and
nitrogen cycle in peatland surface soil. Under the conditions of increasing temperature and exogenous carbon input, the
abundance of microorganism in northern peatlands surface soil was influenced by the availability of active carbon and

nitrogen substrates.

Key Words: warming; peat; soil microorganisms; available organic carbon; exogenous carbon input

AR Y AR - 1 A PR R b ) TR A R L A PR A B R Y SR B A
PR D REFVRN S5 h SR 18 R PR B AR AL, X A S R G (R FR O L R R AR I R AN A B
P A YA B K 2L, Song Y AEWFSY M, Wk FE RN M B 5T AR I 5 181 S A A R AN
Xt HE I PRI SO, DT S M B SRR 4 G R AU R 7T 30 1 R B T e 2 e e S AR 6 D 908 ¢ b - SR A Wy
VR AR AR | I O 3 HURR SR T AT U A R A8 30 o 412 o L 9 20 T 0 e, o v
LR SR AR L AR AN A R T A A R O R AR (o (LB VR L R B e
JE A R 25 e i A HEI 7 A RAR AR 2 436 ) doc e DL i A , R P 0 o 1 T A
BLBRIR , HEA S TT LLBE AR W 43 R T TV PRk (8 Vs A ) - S ARl A 0 o 0 3 3 4 4 v A % - 35
FOr A B RE , [RIE b AR S R R W 58 4 v] B S BOR ] EIEREE W MAE Y AT, B
AFEERY 0—20 em TIERUEY YR SIS ARERIR R DR

T 2 T e AN NIRRT BE 23 RS 2 1 1 SRR SR PR A DM A W PR A B R B - SR, AT
EC R AR PR S SRHE A AT T B R e AR T U A A B LA R fe A
RS I R Y I RERE Y . T RANER ™ P b BRI e S A BV A T O 7
AR P gt H G MOEJE (merA) FIVRORL FH B 504205 i (pmoA ) (B [ 2 2 15 7 H Joe o 7
I b S Ao e ) R N G AR A A R R S T 200 s S SR A 0 A T o, 2 ) 2 B A e T 1
1L Z K (amoA ) , B SR R IR nirK R nirS 7R SRS A6 CE ) e B D REJE R &
SR AR TSR, A R R A X A HURR Y S R SR TR R
AR 1 HERE A MR 85 U i, b s A LR A1 A0 A 728 A 52 ) b A BIL 5 ) ol A 0 I i
I3, i e AR IS AR R, 7R Bk FT 5T BP9 e RIR IR O B E W D RE S D 2 A AR
MRS BE—BFRGHEE TR 30 RAE A AR DI B B2

VeI SRy — A F YRR, 0 [l A= 25 R GE A L ZA R T R A Bk UL A, (ELREE BRI A Fr 2k
T, ALT7 VR e s VR i e AR AR AL, AT B0 i i B B R 8 €O, , AT REATE I Ji il Bl 28 FURRAL IO E
S X R R W R AL 2R PR AR T IR AR B e AR D TR RN SR B i AL S5, S
ROLALZ O 4 X YR A M 3R 2 - e 1 IR AN SIS iy A% PF T e e BB R OGS IR AR 4y S RE S IH] = A8 A M
H5 TR AUZH A3 1 O FR BRI IRLEE T s el T e e bl - 3tk | U AL I T 2B oy 3RSl LR, LS S ot Bt I
7 1 85 B 8 ¢ S BB ST A X A I P 7 A3 B BB A A

1 #MRERFE

11 P IX AL

ST XA T RS20 SRR R 75 51 M3 (52.94°N, 122.86°E ) 1% X ZA4E TR + X, J& T & A 2 XUt
SR Y 467 m, AEF TR (1991—2010 4F) -3.9°C A F-HRERT i 450 mm (7—8 H (5 2 4EREK
(4 45%) o X FEAHBADN B ER FEHER  FARY ", DY, F B A vt i
( Ledum palustre) &% 7 ¥4 ( Vaccinium uliginosum) | -8 F ¥ ( Eriophorum vaginatum ) | e 7 #¢ ( Sphagnum
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palustre) , J& TFEWR A 51 AR IX, IR PR ik £, 0—10 em F1 10—20 em - 3FEH) 4G S0 8% % &t 53 3
366.33.384.45 mg/g, MA SR WM 15.65,18.68 mg/g, B8N 2.74 3.43 mg/g, VR R A DLk
(DOC) &3 M 620.25 338.42 wg/g.
1.2 FERCRESER

2017 4F 7 H SRR 4208k A X LR e e M, BE ML B 4 HORAE D, SRAE L 2 [ (B B 2= /0 k10 m,
TERFHERAE ML HRL 5 A RAE S, R B TE R SR A SUREE 0—10 em A1 10—20 em A9 T80 5 B HE
RAA G DR sE , N TERILEYR R Bt i gy ma s 22y, o 4 mm i, B—#5 H4 T
B AT WFEE I, 4 0.25 mm G, 05 AR AR 4G ik 2 A2l 4% 3T 4°C R Rl DR A7 D i 75 i
A MU S BRI TR RS20

PR EE AR (MY T 10 ¢ T5) B T 500 mL ] EfH, BikE 95 3 K, S G /0 i B 2 78 X A s HE 1)
SO, FHAREERS BT DO, IR0 4 AL, DURSR L A9 A SRS, IRk 28 KAk, 78 10 15°C H
AR EE T IF R 42d AHEIRABTIIRLS  [FA i B AR I b B CAS IR BE S 1000 pg Glu/g T 1) Rkt
WP Ab B B —Fh Ab A h >k 1 P2 0 R S A AR, B Rb S E S DUk, SEg it R v g SR A 2R 1R K R
FAER ISy 42d KEFREEHUT , 40 Wil 5 = HEIAE W T e 56 DR = 3 RD 4 498 5 Al 1 WL | BZE P i A S
1.3 FRSIE ik

Fie IR 118 DNA Hesg #EHUA K] £ ( Fast DNA SPIN( MPbio, USA) ) B HEHR 0.3 ¢ 1438 DNA #5412 | #2H
J&i 1 0.5%A0M s BN BE I 4l Ak DNA $ICH SR 5 R B -l - T BRI, R T 3R15 58 HAR SR Y DNA F
A WA T 3 ALY S P86 2 B PCR X (7500, ABI, 36 [ ) G £ 5E B 40 16SIRNA
merA ,pmoA ,amoA ,nirK F1 nirS FEREREED ) PTG L 1, i i PCR R BIR R K 25 uL,
f145:12.5 wL 1xSYBR ZZ ¥ ( TaKaRa, Japan) ,0.4 pL 5[4#J(10 uM) ,0.5 pL ROXII(TaKaRa) ,0.875 plL 3%
BSA,0.625 pL —H AKX (DMSO) , 10 ng DNA #4

®1 TEREVHREERSIMRTEBERF

Table 1 Primers and amplification procedures of soil microbial functional gene

HAREERH 5% J¥ 51 PHRT S 30k
Target gene Primer Sequence (5 '-3") Amplification procedure References
N 95°C 2min, 35 cycles, 95 30s, 60°C 30s,72°C 30s,
YA Bacteria Bacteria-338F  CCTACGGGAGGCAGCAG T ey, ; : : [22]
80°C 155
Bacteria-518R ATTACCGCGGCTGCTGG
» 5C 3min 30s, 36 cycles, 95C 15s, 55C 30s, 72°C
PR merA milas GGTGGTGTMGGDTTCACMCARTA 95°C 3min 30s, 36 cycles, 9 5 5 [23]
30s, 83°C 30s
merA-rev CGTTCATBGCGTTVGGRTAGT
» 95°C 10min, 40cycles, 95°C 30s, 60°C 30s, 72°C 30s,
AL pmoA  A189 GGNGACTGGGACTTCTGG 1 5”““ cyeles i i ® [24]
S
mb661r_nd CCGGMGCAACGTCYTTACC
HE AN 95°C Smin, 95°C 30s, 55°C 30s,72C 30s, 83°C 15s
BRI amoA1F GGGGTTTCTACTGGTGGT s . 5 . 5 [25]
amoA 40 cycles
amoA2R CCTCKGSAAAGCCTICTIC

95°C 10min, 6 touch down cycles: 95C 15s, 63°C 30s
SRR nirk FlaCu ATCATGGTSCTGCCGCG (=1, 72°C 30s; 95%C 15s, S8C 30s, 72°C 30s, [26]
80°C 30s, 35cycles

R3Cu GCCTCGATCAGRTTGTGGTT
" 95°C 10min, 94°C Imin, 57°C lmin, 72°C Imin, 83C
RAAIE nirS cd3al GTSAACGTSAAGGARACSGG i i mn i [27]
30s, 40 cycles
R3ed GASTTCGGRTGSGTCTTGA
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FIFH Multi N/C 2100 TOC 1% ( Analytik Jena, fE[E) % m i RA B T3 2 h % & 5 LIRS 28R
TR RIS, R AA3 SESETR BT (Seal Analytical , [ ) 5 B BB &Y R BRI
5 - Eist At b S 0 KRR CHCL B 2% 24 h, FH K, SO, ¥ (0.5 mol/L) #&3% 30 min, 43 1l %F
AR FE 2% R S AT AR i U 5 2R A Multi N/C 2100 TOC % ( Analytik Jena, [ ) 5 B UK ik
W, A ER S EIITEAX [ MBC] =Ec/0.45, HY Ec HEEZE TR EA0A YLK 5 AR 225 + 45
PEIA LR Z 2270 4218 Ghani 457" B 7 800 R 3980 i a MUBR 5 B R 1 3 RE B F 5 B8 KA IR
THRHHEEL 30 min, 485 LA 8000 r/min 55 JF 533 5.0 20min, i@ 0.45 um JEMEE IS, FH Muli N/C
2100 TOC ¥ ( Analytik Jena, FE[E) I 52 %5 W H BB AIICHLER IR B , 380 i A AILA 7 1 R0 o + 38R 0
SRS TCHURVR FE Y 2208, F 2 mol/L KCI N 3R i b 2 BOE WL AL, 13 08 5 AA3 3 £2 3 8h 43 4%
(Seal Analytical, =) | I % P8 H 8 S A FHS R & &,

1.4 Fnbd 5 obr

iz JH SPSS 19.0 Bt | K FHAUR 25 22 7087 (two-way ANOVA ) FliE ZPE 2 5 (1SD) LA K. Pearson 255
57 0 X A [ 305 88 AN ) ) 2 AR 155 0 DA A ] 3R B e e b = 9 SR A S B i A W e R =R 30
PEBRZE 530 1 DL R TCHUA B i A7 25 55 0 38 A A0, R 60 00 8 RN Rt AR - S RA S0 A A G B Bt
TR A SRR, 918 ] Excel 2007 52 minitab #7245 E

2 #R

2.1 s A EUR PR O AE A oF B AR AL

2¢O GE = PCR M T340 3 F £ 0] . 10—20 em HIEANE F /N T 0—10 em T340 5 F 1 (K
1) o BRSNS AXT 10—20 em +3EAH TR F B 3545 B 252 m (36 2) , 72 TCAMERRE A MG 00T R T
AT 10—20 em TIEAABE RGN T 32.77% (K 1) . 1E 10CH 15C AT, SR AT 10—20 em
AN TR T AT B IN T 15.97% F1 49.79% it 5 11587 25 W% 119 28 B A FH G 79 o - S0 R B ) A o 3 A
FHO (3 2) IR ANANERR A SE T ,0—10 em F1 10—20 om 3405 F B2 51 W5 BN T 36.28% F1
71.50% (& 1) .

K125 REW10—20 em HIEHLEE (merA) FEKRT 0—10 em 187 HEEE (merAd) FFE, REEXT
PR - TR B A P o A B B X e (3R 2) IR B T A 0—10 em -5 B SR AL TR = FERRAR T
45.22% ,10—20 cm + 3 LA L B FBERE N T 58.39%, MM N 10—20 em 358 FF e S0 A0 B AN 7= FE Ao
WA R (3R 2) 76 10°C R 15°C 244, A A MR I {E 45 10—20 em 4587 HUGE o =5 B 43 3 i 1
45.02% 1 22.89% ,10—20 cm 1458 e AL T B2 0 BI3E 0 T 39.05% Fil 24.47 % , 5 B F A 2 4 19 58 BAE
XF 0—10 em 387 H G 7R A B A TR 2 FBE I i 3850 ) (38 2)  TE R AW IS I 4510 IR BE S i 5°C 3
0—10 em 387" L AT B A0 i F BE 43 G N 1 47.66% F1 41.79% .,

X TR AL A S A A, 72 TCHE IR AN IR A A SR E T, 10—20 em 38 A0 A SRS Ak 4 18 3 B 3/ T
0—10 em TIEMAL A ALANE F 5, IR S 1S 0—10 em R E AL (amoA) F B F LT
96.11% ,10—20 em +IEZ A AAH TR 12 025 100 . 35 26 WS o L B il P82 R 4k 268 W 7 28 B AR X 10—20 em
T A AN A BRI (K 2) o FEA SNERR AT, 10°C B 10—20 em 30 A LN B - JERF
% 17 39.22% ,15°CH 10—20 em T3 AALANE F N T 150.16% , I EE 5530 0—10 em F110—20 cm
8 S AR A T R, A 0—10 em 3 nirK F nirS LD AR SR BIRAIN T 33.979%F1 28.75% , TR JE X}
10—20 cm 3% nirS FEH F A B E W (K 2) IR E S 15 10—20 ecm + 4 nirS FEH F RGN T
16.43% ., i FE A B2 HAE AT 1020 em +35E nirS K2R EEA W FH 50 (£ 2) , 78 10°C F1 15°C 44
T, EE RIS 10—20 em 138 nirS JEF F= B2 40 G0 T 22.07% F1 74.40% , 1E 0 I #0000 4504,
V5L BE TFE H 45 0—10 em 13 nirS L FEFEAK 3.31% ,10—20 em T3 nirS ZEPH FREHA N 66.35% , MW TR
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JInXF 10—20 em +3 nirS LR FEER BE LW (£ 2) .,

e
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Fig.1 Effects of temperature rise and glucose addition on gene abundance of key microbes in soil carbon and nitrogen cycling

2.2 HHEREPEA LB AR S AR A SO S R EIE A AR A I R
TEHRANANE R A ST ,0—10 cm F1 10—20 em + B TEA HLER & 150 518 756.6—847.5 g/
F1702.5—862.5 pg/g,0—10 cm Al 10—20 cm IR Yy ik 5 18 70 51 4298—4779 pg/g Al 3064 —4770
pe/g(F3) . FETAMERG A RSN T ,10—20 em e fMEA HLBR 5 6k Y i S /M T 0—10 em +
SRS RV WU S R A i . TRBEXT 10—20 em IR IR HLER AN A Wy it & A i 250 (35
2)  MEEFHE S 10—20 em TIERUZEY SRR S REEIR T 25.16%, WEBEE X 10—20 em T IEH A
MLBFI AR B R 5 A BB SE 0, 76 10°C R 15°C PR BE 25040, A B N 175 10—20 em 380 14
A ML & 43 ) S R B AN TR A3, 10—20 em T3 P B & i DI T 16.49% F1 46.47% , i
JEE RV B 928 BAEFXT 10—20 em 380 At LR & B AT S8 858 ), 72 A SRR B A I 25 1T R B T
1 SC AT 10—20 em HHEAE A DL SR T 22.31%, 1 person M52, + 340 ( Bacteria
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16S rRNA) B80T (pmoA) A K SRS AL AR T (nirK nirS ) 72 ¥ 55 A HLBR & B 52 TEAH ¢ (P <0.01,
P <0.05,%4),

®2 REASMEEREINN IEREVIRERFERBRASEVWNTESNER
Table 2 Results of variance analysis of the effects of temperature rise and glucose addition on soil microbial functional gene abundance and

carbon and nitrogen content

e B

- . i P B I IR iy BER HEA
e w7 A KR EA ER RUR @R @sm  msR
. . T T AL H A A W& A Dissolved  Microbial Ammonium Nitrate
Soil depth/em Treatment Bacteria . L . . . .
merA pmoA amoA nirK nirS organic biomass ~ nitrogen nitrogen
carbon carbon

0—10 R 0.002 0.072  4.928* 81.531"*  2.763 0.573 3.835 0.811  179.169 ** 28.708 **
Rk 4.198 6.897*  0.005 0.777 0.003 4282 2.771 0.996  82.961** 13.566 **

TR A 6.956*  8.043* 48.691**  0.375 0.08 1.147 0.283 2.287 4.005 2.78
10—20 B 10.875°*  0.055  39.719** 132.469**  2.893  11.818** 6.673* 10.168** 52.793** 45.084 **

Rk 5473 5.137% 17718 28.291%*  3.684  14.71**  7.148"  26.053** 6.158" 2.846
TR A 2.043* 0373 0 40.064 ** 2,515 5.180%  7.34* 3316 20.289** 7.864*

*3 BREASMEFERERNNIEREASEXN

Table 3 Effects of temperature rise and glucose addition on soil carbon and nitrogen content

e R S, i?ﬁ@'fftﬁﬂﬁ% Tﬁ&%iﬁ?}% ’fﬁzj.}’}?h ﬁﬁ?}’}?&
Depth/cm Temperature/C Glucose Dissolved organic Microbial biomass ‘ Ammonium ‘ Nitrate
carbon/ ( ng/g) carbon/ (ng/g) nitrogen/ ( pug/g) nitrogen/ ( ug/g)
0—10 10 A 756.56+12.28a 4779.17+35.12¢ 397.61+24.35b 2.39+0.33a
wm 785.00+9.03ab 4298.47+161.60bc 231.61+24.08a 1.03+0.38a
15 Am 792.38+43.56ab 4317.08+329.67hc 756.99+12.31d 7.13x1.07a
awm 847.50+19.75b 4415.56+103.22bc 497.51+29.29¢ 3.52+0.65a
10—20 10 A 706.25+30.14a 4094.44+274.42b 873.51+63.09¢ 6.42+1.21a
wm 705.19+27.73a 4769.58+145.43¢ 582.36+43.33¢ 2.98+0.52a
15 A 702.50+40.56a 3064.31+£166.73a 988.60+29.63f 18.46+4.20b
wm 862.50+14.54b 4488.33+211.85hc 1072.91+14.57f 32.29+4.31c

[RI B AN [a] 5 B Fe s A e - S o) 22 5 ;.35 (P<0.05)

W3 3 iR, 76RO AR AN ERR 09 558 ,0—10 em F1 10—20 em T+ EEE S A & 840910 231.61—
756.99 wg/g Ml 582.36—1072.91 wg/g,0—10 cm 1 10—20 em +IEM SR S ED WM 1.03—7.13 pg/g F
2.98—32.29 pg/g, 10—20 cm TIEEEAAGHAA S ®U WS T 0—10 em HIESSAMMER T, WE
X PRl SRR B (R S R S RS B B R (3R 2) IR T (A5 PO b - R B 1) e 2 1 1 0 ol 3
JT 90.39%F1 13.18% ., i ZEIHEXT P - SR BE 1) B S A LA M 0—10 em HIERS A A BET W (% 2) 78
10°C F1 15°C W APELE 244 F |, 2R N5 0—10 em IS A A 0 IR T 41.75% F11 34.28% , [w) i
i3 0—10 em TIERSE SR BIFEAE T 56.90% F1 50.63% , U FE F1H 26 W48 I 69 28 FAE X 10—20 em
TSR AR S RA B ERW (R 2) MR AT TSR 10—20 em HIEESA
IS S i N ,10—20 em HIEESA SR T 84.23%,, [FIAF, WATEI, "= HIEH (merA) FES
BANRAMASRA GBI RIEMX (P <0.01,P <0.05,% 4) , ZSAILANTE (amoA ) FESEAR & H 2 MAHK
(P <0.01,3R 4) AR TESHAEYER S REMMHE(P <0.05,%4),
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* 4 Person fHEMESHT

Table 4 Person correlation analysis

R W

P, CipoEa) 4tk J e S hEfk SR MAS A HLER ek
- 7 14 Elil) T il Ammonium Nitrate Dissolved Microbial
Bacteria merA X o . . . .
pmoA amoA nirK nirS nitrogen nitrogen organic biomass
carbon carbon
/M Bacteria 1 -0.321  0.622%* 0.298 0.423 0.701 ** -0.277 -0.005 0.534 0.21
FEHBET merA 1 -0.084 -0.348 0.091 -0.358 0.556 ** 0.523** -0.18 -0.087
FHGE AL pmoA 1 0.405 * 0.426 0.348 -0.256 0.114 0.454 %" 0.211
AN amoA 1 -0.002 0.089 -0.575**  -0.212 0.076 0.207
A nirk 1 0.490 ** 0.053 0.23 0.520 ** 0.164
SALZH T nirS 1 -0.161 0.137 0.692** 0.128
AR
SR 1 0.788**  -0.001 -0.396 "
Ammonium nitrogen
HAA
SR i 0.286 0316
Nitrate nitrogen
«;fe&ﬁﬁ IR ’ 1 0.058
Dissolved organic carbon
Tk e ik

1

Microbial biomass carbon

% fE 0.01 K (R ERFE, . 7 0.05 KU | @ EAK

3 Wit

3.0 IR BT S A IR A 14 0 1

ARG K B, FETCHE TR SMERR A N A S LT ,0—10 em 34N BT | FH b ST T8 LA B S T 400 B 2 13 v
T 10—20 em TIEANER | be AL R LS SR AL AN - B, I HLAESS IR A SN A B 5 00 T, 4 |
Bt AT LSS A A A B S IR A PR & i S W IE ARG (18 1,36 4) . EAFIFEERD], 10—20 em £
HERRLE 0—10 em H3ERRTE AR E > B HALSEY DRI R, A A HLBRR R A ) i B i ol 3
TREE BB ITRRAR , X 5 A SCEE 2R — B0, (2R SE 1T )2 XA A HLBR M ) 1 LSRR G E )
AU, AR INEAS 10—20 om SRR 15°C 2508 T TSI A A HLk & B2 W, *f
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