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“ARJE WE R T AN A BUEY Y R (p <0.05) , SHERAC A BAR H, I R AR A
peJE Al b s L pH . SRR L, BN AR A B e R e A . TEMER AR, W
SR AP i i Z AR IEAE GG R, SAUERLHE20 ¢ hm A FEAH L, 40 t hm A= Hy ek 2R
e S AL P I8 1 53.8% o RUILBCHE w25 1 A W) ¢ 55 PO G AR A% A 0 A Ak B L 7™ R e 18 35 1 0.00 148 7 2=
0.002 mg kg™ h™"s ZUALHE A —E FLEE A0 T e U A0 R B G, At 260N A e e PR e TR R i
BO0T R4 B E SN T 3.0% 5 At B E it AR A P A Wy e 3 e PR e SR R . RUIE A R AR
TR R S e L E L (pmodimerd ) o A [V EUE KSR it fin 25 4 e b 5 140 T 4
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AR TR B mer AJE R 5 R CHL P A B B
Ja—H P W AL T B pm o A HE DRI S 2 R )
FICH, ISR — A R, 5 CH Ak e
PR, AR5 R T CHLHE O 28 f0 15 B0 7 1 — 25 i 5%
g B T 5 e AU D B R AR A Y LB
ARk o B9 BRI il ) 2 38 2 5% e R Qe SR Ak
R FC) A 7 235 K DT 95 7 B i CHL 8 AR P
Bronson§ 1 4 R 42 E HECH, A AL, Ma
aig LU PR N 4 W R R A K
(04 BF 5% 2 e A T 2 3 CH e R A L
U, 5T RN R A e A L CH LR 2 R, 7
BN CH ™ A 55 T AE 1 A5 A S 3= 90 108 i) 97 B
AT IR ARG o AN T 503 38 AF 5 80N B it A= 40 7
SARJE N R AR At . R EECH, R
PR DR e A DI RE L (pmod ) AN
PR IR IL B (merd ) 52, BB IR D
Jit £ 40 5 % W) 2 e T 49 C L HE R A VR LB
Sk HE Wy e R 2R it P R R T HL HE T8 7 52 ) 42 AL o
TR

1 MRS Ik

1.1 e sl

WESE XA, T VLA 48 B 5 AR B 8 (31°58'N,
118°48'E ) . ZIX B WA R SMEX, 4EHH
M82 048 h, 4EXSIR15.7 °C, AEHFEKER 050 mm,
FpRE I B FE e, R KAE £, 8
ARy o BT AR AT R RR25.3 ¢ kgL 42
A1.32 g kg, 2WH0.36 g kg'. 24135 g kg
pH5.7,

AW B R/ INEFEFEAE =i (450 °C) PR
FHALIAS, KR R/NHRT ~2 mm, FEKL6T ¢ ke
M4e% 5.6 g kg™'. pHO. 4, PHE TAcH 24,1
cmol kg_l\ FHHS.9 m? g_l\ EIK5320.8%

1.2 Wit

H AL T20124E6 H —20154E6 H #:47, 5
HRAE, S AAERE, B NOBO ( XFHE, Ajitisk
P RENE ) . NOBL (Fjiid4 sk, 20 t hm A4
#) . NIBO (B ZAE, N 250 kg hmJR %) |
NIB1 (20 t hmE# 7% F1250 kg hm > JR Z e jiti ) F
N1B2 (40 t hm A5 1250 kg hm IR ZE BN ) -
I A/ DX RIS, B/ NX R4 mx 5 m,
HNK B A M EHOK RS, RS+ 0.

W F2012406 H B AT — IR MEMEA , JF2A
T FH o a6 /0 DXONE R 4 B4 il B it FH 5 24 Ml
B R — B BRIEYH GRS —
U W0 I B0 RE A D BEHE L o i Ok B B
HE ( LAP,04it ) 60 kg hm > FIZ 4L ( LLK,031)
120 kg hm™; HRIED i E BN IRE (N
31) 250 kg hm™, HAFEALE K100 kg hm™, BHK
EBAREY NTS kg hm™,

1.3 HRRESHH

Btk B T20154F6 A S H /N WK G R4,
O ~20 em#FE )2 HHE, HMUMRIRSI S, BUHH
Sy SERE T UK & AT 0] 5286 % R -80 C R VR A7 75 H
T HEDNASRE, K422 mmifi, FTAMRAE—
o R T I A T, 5 — A
fif + LR AF T4 °C, F I B e S A AR v
+EpHAEK L 2.5 - 1REEE, HpHitllE; +
B AR MESAFAH2 mol L™ KClI#%EK + 1
5 1T, FHEINMORE RN E; LR
Bl (SOC) &R HEHMAA RENE; 2%
(TN) FiR IR E " Y e Y
(MBC) R FIPm ki .

Bt S AW A 5 7 B e i B R F Zhang
aE DOV E vk . IS0 ¢ (TR ) R+
FEZ250 mIEFRNEH, INEER I ZE % B, LALRER
FE Ko PN A B B A RN VR LSS | FENL R
PRIBCRE 1 FR o S0 0 340 5 1), o) 355 3% 0 P o
A2.5 ml 4iCH,, PN CH,AYHEAE10 000 ul L7
A, SIS R E TR ARG R (120
rmin') 5 ARYEE AR IR LR MG 2 R CHIRIER
R AR AT B B b A SO A . 7
WM ER, BRMS R Z4RMES . el N
99.99% N,ik— MR R AR, 2 M A S0 4
TE TR R R AR AR SR 1 hAIS0 hig M
CH YR BE 1 AR L3R AS CH = A 0 34

THEDNAH L EDNA H R BGLH & (MP
Biomedicals, 2 ) #EHL, #AEL BRYE WK &
BEVE UL HE AT . FHO. 8 % I Bt JI 1 58 Je L ok A6
JRHEDNA R BRI, IF R i 28 40 2 6 B It
(ND-1000, NanoDrop Technologies, JE[E )
TEDNAYE KT o AR50 08 BU™ H ot B8 i mer A
B W B EALE B pmoAFE R BEAT SEIF SO E
PCRAMT, W TEE EPCRALiCycler iQ5 ( Bio-
Rad, EH) Liffr. RNAKRZR K20 pl, Hphas
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#1 RKHAEFEE PCR ¥ 54K &R &H
Table 1 Amplification primer and reaction condition of quantitative PCR
, o RERDRE
F 3£ 51 SIES) (53" 5 HEPCRI R LY CUTT O
Data collection
Target gene Primer Sequence Thermal profile References
temperature
merd MLf GGTGGTGTMGGATTCA 94 CHIAENES min, 94°CAM:25 s, 72%C [21]
CACARTAYGCWACAGC 50°CiR k45s, 72°CHEMH60 s, 354
B2
MLr TTCATTGCRTAGTTWGGRTAGTT
pmoA PmoA A189f GGNGACTGGGACTTCTGG 95 CHIAEM:S min, 92°CAEM:T min, 72°C [22]

PmoAmb661r CCGGMGCAACGTCYTTACC

55°CiB K 1.5min, 72°CHEfH60 s,
354N AR

W Y =CH{T; M= AS{C; W=A={T; R=AEG Note: Y=CorT; M=AorC; W=AorT; R=Aor G

10 ul SYBR Green ( TaKaRa, HA ) , 0.2 ul Rox
DYEII, 1pl DNABH, AG/E514 (10 pmol L")
0.4 ul, 8 pIKIEK. 253 ERPCRAT T
SR S R
1.4 BEEZItS5HH

* HExcel 2010 ) Sigmaplot 12. 5% 347 80E
TR RS S SR HIAE, SRTIMP 9.0%k 4
PEAT 2 Ak PR W i A 2 B DA R B o B T 22 90
B (a=0.05) .

2 45 R

2.1 EFEHITEBRLER

it F A2 o 55 /I =4 e T HS in - HES0C &
MBC, HAREHANEE . E20/R, 5NIBO
REFRAH LG, NIB1 K N1B2AbHEY i 354w 7 4 1
pH (p<0.05) , U&LHIAEY) it FH = 4F 5 B Ak
G+ AL JE 2 — RV 1 . S NOBOAL
M, NOBLARHEM +HESOC Z BT 24.6%
(p<0.05) . 5NIBOLFEAHLIL, N1B1, N1B24k
FESOC & 40 B B 3 W N T 44.5%H73.2%, TN
IR T 12.8%H122.6% (p<0.05) . 5NOBI
AEFRAREG, N1B1AL 3 4 Eak & LL 25 1 n14.1%
(p<0.05) o AMECHEAY 5T LI & £ HEMBC
W&, JF BB A= W) s it FH B 0 3G g 3 om
(p<0.05) .

AL R ER S LIEESASE (p
<0.05) , NIBOSNIBI1AMF )8 5 A & I NOBO
b BRI T 7.5%H5.6% ., [l — it & KT R B

EAEY o RN, RS A ST A
Po(F2) . SNOBOALFEAHHL, it fin &R 5 44
RIIN T RS A S, (R R AR ) ke Ak B
(NOB1 ) Ab¥WE A W& 52 m, 17 B it 220 T 4b 2
(N1BO) BFHM T HIEMESA & &2, AL
RAR A W %o i A AU TC S 3 s ), U T it A )
¥ (N1BO, N1B1., N1B2) ™, {UNI1B24bH )
MAASHEERTNIBOLH (p<0.05) .

22 EEFEHIERREUERERRELEE

EEE

Jite FH A= 9 e =4 S AT 3 i 4 8 e Ak
WHEC(KL) o 5NIBOFHEL, N1B1ARFEMH L5
RIS B E TN T 44.4% , W R AREE LY
% Jiti FH B B BN TR, N1B2ARFEAIN 1B 1 4L B
FHi T 54.5% . At Jin =008 2> 8. 3 s 2% PR it FH A= 4
Je i Y CH B A RE T 42 =, N1B1ARFE 5 NOBI
IEFA B E WD T31.6% (E1, p<0.05) .
TR B A AL RS £ ESOC, TNEMBCHE #1
WEEMEK (p<0.05, £3) , HHEESASG =
EREEAME (p<0.01) o HheAEH bl
T pmo AR FEEIE N (r = 0.573,
p<0.05) .

AL PR HEDN AL FE RIOD 60/ OD o0 LU H
J1.86F1.91; HJE N33.74+5.41F55.24 + 4.36
ng ¢ T K2, YR =4 B E R
EpmoAXHFEE (p<0.05) , HFNOBIA M
B, pmoAFEDFE LB ENG6.57 ' T+,
N1B24b 3 pmo A KL 5 DUEOG 45 0 3 5 TN1B 14k
(K2, p<0.05) . IL4h, S5NOBOALHAH L,
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Table 2 Variation of physiochemical properties relative to treatment
e R SR HER
s pH HHHSOC  AETN AL e ) ]
Treatment (1:2.5H,0) (gkg™) (gkg™) C/N » NH-N NO;-N
(mgkg™) (mgkg") (mgkg™)

NOBO 6.74 £ 0.09a
NOB1 6.54 + 0.10ab
N1BO 6.19+0.11c¢
N1B1 6.46 +0.14b
N1B2 6.42+0.18b

13.89 = 1.41d 1.30+0.12¢ 10.52 £ 1.01d  495.02 £26.47d  5.31 £0.10b 10.21 £ 0.89¢
17.30 £ 0.18¢ 1.41 £ 0.03be 12.31 £0.33¢  589.41 +6.96bc  5.05 £ 0.03¢ 10.77 = 1.24¢
14.77 £ 0.83d 1.33 £ 0.09¢ 11.04 £ 0.55¢d 553.43 +36.21c 5.71+0.15a 13.33 £ 1.02b
21.34 £ 1.52b 1.50 £ 0.09ab 14.05 £0.59b 624.74 +£50.80b  5.61 £0.07a 12.59 + 0.56b

25.57 +2.84a 1.63+0.07a 16.16 £ 1.30a  676.71 £39.44a 5.23 +0.11bc 16.82 £ 0.99a

e SFEMH + bRHERE (n

=3) . M—FhEMEFRRREp < 0.05H 227 K. NOBO (5 HXHE) . NOB1 ( H1jifi20

t hm 2487 ) . NIBO (Hi 08 ) . N1B1 ( AJER 20 « hmEH % ) . N1B2 ( BIERC 40 t hm2E# % ) , F[d] Note: The

data in the table are mean + standard deviation (n = 3) , the data followed by the same letters mean insignificant difference at 5%

level. NOBO ( control ) , NOB1 ( biochar only at 20 t hm™?) , N1BO (urea only) , NIB1 (20 t hm™? biochar with urea) , N1B2 (40

t hm™ biochar with urea ) . The same below

= 05 r
T A
=11 -
-E‘“ 04 :
g o
&2 7
— 03 -
gus
S5 c
B2 ot C
=g
=
Z 01t
p
-
D 0.0 1 I 1 1
= NOBO NOBI N1BO NIBI N1B2
0004
=
2 0003 |
=
=2 0o02f
=5 b
L3
RS be
{=9
=
. mm
S 0.000 s s s s
= j NOBI NIBO NIBI NIB2
AE PR Treatment
-0.001 L

H EAORRIR . /NGRR3R A [ b 3 A H e S Ak 08 34 5 7 B e v 3 AE 5 % /K F- (1 25 57 M B 3% Note: Different capital and

lowercase letters mean significant differences at 5% level between treatments in methane oxidation potential and methane production

potential,, respectively

P [ Ak B A S PP e R A T 3 5 7 H e 1 3

Fig. 1 Methane oxidation potential and methane production potential of the paddy soil relative to treatment
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#3 TEPHRICEER (pmod) . FRIEEER (mcrd) . BRENLEYE (MOP) KFHEEE (MPP) 5
TR FRRYHE K R AL

Table 3 Correlation coefficients of soil physiochemical properties with the abundance of methanotrophic pmoA genes, methanogenic

mcrA genes, methane oxidation potential ( MOP ) and methane production potential ( MPP )

e A LR 2R BRAE EEER MEE fUEEwE BRI EH R
Factors i s0C ™ ON  NHISN  NO-N BMBC MOP MPP
pmoA 0.077 0.47 0.426 0.417 -0.573"  -0.004"" 0.563" 0.573"

merA -0.449 0.696" 0.675" 0.745™" 0.922"" 0.713" - 0.714"

MOP 0.393 0.575" 0.665" 0.529" -0.676"  0.208 0.609" - -

MPP -0.721" 0.354 0.327 0.297 0.337 0.437 - -

.o, el R ROR K S ZATEp < 0.05, p < 0.01 Kp < 0.001M1K M52 . TR Note: * stands for significant

correlation at the 0.05 level, ** at the 0.01 level and *** at the 0.001 level. The same below

76 ~12
— pnoA == mcrA —a— pimod/merd lt
74 F A T
Ll q10
- . B
~ 12}
z } a | 108 =
= 70k g
b b S
by b 2e
Lz b7 -
=g 58S
=E 68} 106 51
= [ e
o, [l
e ¢ 52
245 ]
hail o _ s
2 66F 2
2 104 =
2h
~ 64t
—40.2
6.2
6.0 0.0
NOBO NOBI NIBO NIBI NI1B2

KEFE Treatment

e B ARFKR., NEFRDHERAF LI pmod 5 merAKE R 2 01 BB H B TES %K 19 22 F Mk B % Note: Different

capital and lowercase letters mean significant difference at 5% level between treatments in logarithm of pmoA4 and mcr4 gene copy

numbers and pmoA/mcrA
2 RFASBEA 35 b B e B AL LN (pmod ) FIPEH e LN (merd ) ¥ DL EOS B0 H B

Fig. 2 Abundance of methanotrophic gene pmoA and methanogenic gene mcr4 and pmoA/ mcrA in the paddy soil relative to treatment

NIBOA PR A W& Wpmod BN FJE, HY
NOBIAMFEAH L, N1B1AbHpmodH N 4= B> T
7.2% . RACE AW R¥pmod BAT W R WA H AR
M (£4, p < 0.001) o i AHCHE 5 B4l 5T
M (3) , pmoASGMBCRETH (r = 0.563,
p < 005), HSHWESARREAML (r =

-0.573, p < 0.05) .

23 EFEHIESFRERERSFRERERFEER
RAL 5 A= W o 1 it AT - 38 7= B e v 3

FHZEAEH (%4, p < 0.001) . WK1, %

(NOBO ) AbFRAY ™ HBeig i in T (i, 5

XEREAEL, PAgEAE Y (NOBL ) B4 00 1 7= H ke ik
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PR, FUtiE A (N1BO ) AHXT T HE A B
WERE T R (K1, p < 0.05)
RUIEHC it =5 A5 A= W e (N1B2 ) b BR A 7= B b 9
PAL RN ARG A (N1IBL) A3 T
107.5% . FR3TH, =H S S L IEpHE N
WEMME (r=0.714, p < 0.01) , 7 H L
WG = e g S AR B IEAE (r =
0.714, p < 0.01) .

ME 20 ~, S5NOBOALBEAH L, Bt A= ¥ s
(NOB1) #H B EEWmerARL N £, [H A
AE BTN T merd R R, H P N1BOAD Bl 4s
NOBOALFH & 2 7%5 173.0%, N1BIZLFEILNOB14E
PR T73.2% (p < 0.05) . MeAb, ZACHEME =15
AW (N1B2) HHjEA N (N1BO) 5L A
AR A (N1BL) ACHAH L, BN T merd

FWEFRE, mR4TH, £ (20t hm™) 5
SR = HBE A B S BARE T . ™ ot e 3
K= A4k 5 35S0 C . TN X MBC & & 438 5
BEFEME (p < 0.01) , S5HERA LK EE
IEAE (p < 0.001) o AEY Bt B A il = B
Lot R R B, AR M, RUIE B A ¥ e AE — i R
AR T R A A
24 EBEEWHHETIEpmoA/imeraAtt

XM (NOBO ) AbBEAH LG, Hjif A4 9
(NOB1) ¥ pmod S5merAW L E R ETE T
6.3% (p < 0.05) , A4 (N1BO) 4t
PHIN) G REAK3.2% (p < 0.05) . 5N1BOAN
M, NIBLUAFEE pmod SmerAlWE BT E T
2.2% (p < 0.05) , k& A=Y 5t FH & g,
L&A &2 (K2) .

F4 FEEEMR 20thm™) MREREUEEE (pmod) . FRIEEHEE (mcrd) . BRELEEE (pmod)
S5FREEERE (mcrd) MEREELLE (pmod/merd) URBIEELEE (MOP) S5=HIEHEE (MPP) WEF
FENH (FE)

Table 4 ANOVA F values of the effects of the amendment of nitrogen (N) and biochar (B) at 20 t hm™ on gene abundance of pmoA,

mcrd, pmoAlmcr4 and MOP ( methane oxidation potential ) and MPP ( methane production potential )

Z ¥ Factors A Edf pmoA pmod/mcrA MOP MPP
N 1 9.17" 59.48™" 28.59™ 6.79 73.227"
B 1 60.99™ 63.02°" 24,927 4.97
NxB 1 20.85" 6.42" 0.08 3218
3 3 ® 251 200 . Nielsens 127! thuds ok MRt B (1925 4k,

30 £MRERFAEEANESEATIERLER
gp=A0)

AWt ] = AR I W R e T S rhsoc, TN
FMBCE i, A Y s sh 4t T 58 /2 1 35 55 5
(%2, p<0.05) . THEpHIEN P HEEM
TR, BERW R Y R
PEY) T, BA a4 g p Ok 3%+ AU
it AT B WAL T 1 P eah, AR g
W 5k A ) A it R IR AR B R LA40 ¢ hm it FH A
BEWMT RS A S . A R ) 4 4
HAE IR W) T i 1) R M R HOG p A B T X - B
Wt A Wy e R AR e A B IR R Y
AR 1 B Z2 AL S5 48 T s+ gE A, I
Shy A HE b A P AR R T 2 B A S e T K A A

Y A W 5 BE BT BT L X T BB S IR A
RV A, T E— 2D 520 4 CH A AL fE

T o EURE X 4 A o 1 o Y 5 e 9 5T Rk B
RANCH N 4 L ek A e (ank2) , i T
2k HT FBEALER 0 T4 IR X+ HECH, = 2R 1Y
SO 2T R R, TG PESOCE i Sk
AL ERE T ZCH,E IO E Darby#l
Turner > LA g ZU AN T M1 30 A0 T 34
Wik, S A S L R R R VR AR, $E
TR RSOCE M CH ™ A S B £ 11
AR -
32 AMREAREAMESTHEELERREK

EMELEE R

+ 3 1 CH AR A i B2 e CH A 1A P i 45
SeMle SR E N E L TP pmodFEIN, K BA:
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Wy 5 B WS 0 AT LA 3 1 n FR e S TR Y R Y R
(K2, p < 0.05), WXl GeEHFAEYKAEA
AR Z LA, e T RHRE A, g
Jot ST TRT 3K 28 A R A 2 E B M R R A0S TR R Y
W EEREE 2 e A W e T L e i 4
S8 1) Z2 LA 0 2 v ARLEE T 4R v - X AR CHL I
Wb, &SR IECH AT 0 . RN A
A AN 0 5 SR A 5 o A T ) R AR A 1
WG (£3) , mUILAT A R B ERET -
HCHAALRE T o FAY A AVE AR S, it &
Pl T H e AL (&2) , X R TR
MEERmMT ST E (£2) o WG
A2 R G0t FA AL G, R G 4R DX 3 PN A B A R
R 2RI, A AR PR EARENIEY, &
S ZUH R R I CHL B AL Y, FFRICH, 55 A
22 18] Y T 4 2 e 25 R0 CHL R AR 3 7 4 A 2 AL
il o AT 45 Bl & B pmodFE H F AR fb 15 + 1
BAERZEREAME (F3) o RN, RKLE
a5 J it fin s A AR W ok B PR R P e S A A
i, WS R &R, BT ESAENCHALD
PORIVERT, M4 T e SR B o AP B AL
TRE ML, REME A RN S A A
L, MG T R B R AR, X EHE
AR A
33 MR EREAERERAN EEHEHLTIESARRER

MEREEBNEm

IR 25 R BRI (merd ) 577 H
PEE R FIE A OG (3 ) o X HR AL HH A P e v
FONEER RN AE, X0 REE T RAERS /N EE L
R, HIERLF RGP R A, A
SE BT T i T REAFAE IR R R b A
Ak, XA K AN E R S, 3
ft=SO0C, MBCAERUEW ] I EY), ik~ H
BERE 155 . AW SR N = AR G T
T AR (E2) , RUIRECHE & A A
TR AL L 7 HE o v A Bk 2 v Tt AP A A e Ak 3
(K1) . Hamer%s 4 BFGE 48 AR W0 % OGS M
PR T B A K AR TR A BB . A YA N
R T ZMBCHSOC, N LS B
AL T R el I, R AR K
71 5 P )4 6 ) 77 G 4 SR o ), U
BC it A W ok Js T 3 A - i . B VR B 1

i, B EY BB L2, S B e iR
7T R REIE, AEHE T I B B AR . itk
G W) ¢ T 5% (R gy O il 28 53 A] ARG i, Lk P
RGOS 37/ AR

RICHEH G B w 7 W W S
BRI, SO H T ANCE I B R T
RN T EESASMEARAS =, W HEmA L
SmerAFE N F R B E IEAL, 7 H bEE 2L
A E AR, HHG 02 b FGE TR Y AR B
g AR R P B R AR S RS b
WAL BEIEA S (FR3) , MG DT o
AR ALK T8, L ERRIEAR XS Rk,
BOHFERR A AN AR, RS W3 5N 1
BERAA S w, m e b A K .
34 AV REGARERAMESZTEEHLEpmoas

mcrA LB R 220D

RIS R, bl AR W) A [ 72 B b A2 i 1
Bt S A TR S U BE TR GG, A SCE R pmoAimerA
FUAB X LG B9 A ) i R PR R A W) B S i AR .
BHWFFR R W pmodlmerA VA8 W] 458 -3 /2 Wt [ [R]CH,
FerE | AAL RHER Z AR S R Y AR
A R 50 ] A7 000 45 SR A 7« it 2R b 3
InFE L fAE R G AR L )J2CH R E, (HECHE A ) %
AEA A ARG 22 fE VE L3RI 7 cmAT15 cmibCH,
USE (p < 0.05) , FHRFIFER24.8% " 5
it AL B E, FUEECHE40 t hm™ A= AR Al
F MR CH A B A T11.3% L 5%
Hozn A VORI ST I SR R A B AR
CH HERL . A< 50 5 L e 30 B it A= 40 Joe Ab B A o) TR
AEFREEE T pmod/merACAE , NE B it A ) o Ak 38
B A NE AL B 2 3= T pmod/merAWLAE, KW
Jiti Ji0 A= 40 e Xof - v PR e AR TR 10 £ A i T
Hhir, A B Fw/b H3ECH, Hek, 5 R JEA
SR — 20 P, FRATTHE AR P B K R
Jit Ji0 5 ) R S A 5 7 A T A 2 5 e - 43
B BRAL PR I, AT 2 CH 48 AL 5 77 A A0 56 Th RE T3t
AR, 2w CH, WG R, E—E
TR AR T AR R Fef B A 58 CHL I8 CHE 19 S 4
HLEE, BT T ECH HE S K B 0. gk
T A W ¢ ) SR AN AL 22 21 2 B AR 56 4
Y 5 s IR A 22 58V 1 18 CHLHEAR A9 52 ma L 1 8 75
BERAMSE

http: //pedologica. issas. ac. cn



1524 + % 2 Eile 53 %
field study of 2 consecutive rice growing cycles. Field
4 gli:l: -I//I:\A Crops Research, 2012, 127: 153—160

RUNE B it £ 9 5 ] A 3ok ke 9 DR 2R it i
BRI, AR E RS T R R+
et A L RS AMMAS A S, I H B E R
R ot BT 0 500 FLAR 30 1 7= CHLBE ), — o A B il
e S LB BRI I, B A i S b A b
B EERMCKER . WINAEY R = AEFHn T 5%
Fed g v B GE TR A 2 B, (R R B T A= ok
X B A AR e R . Ah, BRI
CH L RE Ty B 25 A= W) e Vs I T 1G58, AT VR
A=A B 080 A H A S CH P HERL

2 %

[ 1] Intergovernmental Panel on Climate Change. Climate
change 2013: The physical science basis: Working
group I contribution to the fifth assessment report
of the Intergovernmental Panel on Climate Change.
Stockholm: Cambridge University Press, 2014
Frolking S, QiuJ J, Boles S, et al. Combining remote
sensing and ground census data to develop new maps
of the distribution of rice agriculture in China. Global
Biogeochemical Cycles, 2002, 16 (4) , DOI.
10.1029/2001GB001425

Yan X Y, Akiyama H, Yagi K, et al. Global
estimations of the inventory and mitigation potential of
methane emissions from rice cultivation conducted using
the 2006 Intergovernmental Panel on Climate Change
Guidelines. Global Biogeochemical Cycles, 2009, 23
(2) : 125—151

Guo J H, Liu X J, Zhang Y, et al. Significant
acidification in major Chinese croplands. Science,
2010, 327 (5968) : 1008—1010

Asai H, Samson B K, Stephan H M, et al. Biochar
amendment techniques for upland rice production in
Northern Laos: 1. Soil physical properties, leaf SPAD
and grain yield. Field Crops Research, 2009, 111
(1) : 81—84

Steiner C, Teixeira W G, Lehmann J, et al. Long term
effects of manure, charcoal and mineral fertilization
on crop production and fertility on a highly weathered
Central Amazonian upland soil. Plant and Soil, 2007,
291 (1/2) : 275—290

Zhang A F, Bian R J, Pan G X, et al. Effects of
biochar amendment on soil quality, crop yield and

greenhouse gas emission in a Chinese rice paddy: A

[10]

[11]

[12]

[14]

[15]

[16]

BUKZE, TFHE, L. LYo L EN,0 M CH, HE
HOZR BT L. hE Ak, 2013, 29 (8) .
140—146

Yan Y H, Wang D D, Zheng J Y. Advances in effects
of biochar on the soil N,O and CH, emissions (In
Chinese ) . Chinese Agricultural Science Bulletin,
2013, 29 (8) : 140—146

Knoblauch C, Maarifat A, Pfeiffer E M, et al.
Degradability of black carbon and its impact on trace gas
fluxes and carbon turnover in paddy soils. Soil Biology &
Biochemistry, 2011, 43 (9) : 1768—1778

Cai Z C, Xing G X, Yan X Y, et al. Methane and
nitrous oxide emissions from rice paddy fields as
affected by nitrogen fertilisers and water management.
Plant and Soil, 1997, 196 (1) : 7—14

Hu R G, Hatano R, Kusa K, et al. Effect of nitrogen
fertilization on methane flux in a structured clay soil
cultivated with onion in central Hokkaido, Japan. Soil
Science and Plant Nutrition, 2002, 48 (6) : 797—
804

Watanabe T, Kimura M, Asakawa S. Dynamics
of methanogenic archaeal communities based on
rRNA analysis and their relation to methanogenic
activity in Japanese paddy field soils. Soil Biology &
Biochemistry, 2007, 39 (11) : 2877—2887
Theisen A R, Ali M H, Radajewski S, et al.
Regulation of methane oxidation in the facultative
methanotroph Methylocella silvestris BL2. Molecular
Microbiology, 2005, 58 (3) : 682—692

Conrad R, Klose M, Lu Y, et al. Methanogenic
pathway and archaeal communities in three different
anoxic soils amended with rice straw and maize straw.
Frontiers in Microbiology, 2012, DOI: 10.3389/
FMICB.2012.00004

Zheng Y, Zhang L M, Zheng Y M, et al. Abundance
and community composition of methanotrophs in
a Chinese paddy soil under long-term fertilization
practices. Journal of Soils and Sediments, 2008, 8
(6) : 406—414

Bronson K F, Neue H U, Abao E B, et al. Automated
chamber measurements of methane and nitrous oxide
flux in a flooded rice soil: 1. Residue, nitrogen, and
water management. Soil Science Society of America
Journal, 1997, 61 (3) : 981—987

MaJ, Li X L, XuH, et al. Effects of nitrogen fertiliser
and wheat straw application on CH, and N,0 emissions

from a paddy rice field. Soil Research, 2007, 45

http: //pedologica. issas. ac. cn



6 1]

VE KSR AR S RN A FH P e A 5 S A B e R A T R A R )

1525

[18]

[19]

[21]

[22]

[25]

[26]

[27]

[28]

(5) : 359—367

BB AT, dbat: T E R R AL,
2000: 355—356

Bao S D. Soil and agricultural chemistry analysis (In
Chinese ) . Beijing: China Agriculture Press, 2000:
355—356

Anderson J P E, Domsch K H. A physiological method
for the quantitative measurement of microbial biomass in
soils. Soil Biology & Biochemistry, 1978, 10 (3) :
215—221

Zhang G B, Ji Y, MaJ, et al. Intermittent irrigation
changes production, oxidation, and emission of CH,
in paddy fields determined with stable carbon isotope
technique. Soil Biology & Biochemistry, 2012, 52:
108—116

Barbier B A, Dziduch I, Liebner S, et al. Methane-
cycling communities in a permafrost-affected soil
on Herschel Island, Western Canadian Arctic:
Active layer profiling of mcrd and pmoA genes. FEMS
Microbiology Ecology, 2012, 82 (2) : 287—302
Costello A M, Lidstrom M E. Molecular characterization
of functional and phylogenetic genes from natural
populations of methanotrophs in lake sediments. Applied
and Environmental Microbiology, 1999, 65 (11) :
5066—5074

Lehmann J, Rillig M C, Thies J, et al. Biochar effects
on soil biota-A review. Soil Biology & Biochemistry,
2011, 43 (9) : 1812-1836

van Zwieten L, Kimber S, Morris S, et al. Effects
of biochar from slow pyrolysis of papermill waste on
agronomic performance and soil fertility. Plant and
Soil, 2010, 327 (1/2) : 235—246

EH, MR, BT, S EY SO IR EE S
LHAB P N,O0 R M. 34, 2016, 53
(3) : 713—723

Wang J, Shi Y, Li Z Y, et al. Effects of biochar
application on N,0 emission in degraded vegetable soil
and in remediation process of the soil (In Chinese ) .
Acta Pedologica Sinica, 2016, 53 (3) : 713—723
Farrell M, Kuhn T K, Macdonald L M, et al. Microbial
utilisation of biochar-derived carbon. Science of the
Total Environment, 2013, 465: 288—297

Nielsen S, Minchin T, Kimber S, et al. Comparative
analysis of the microbial communities in agricultural
soil amended with enhanced biochars or traditional
fertilizers. Agriculture, Ecosystems & Environment,
2014, 191: 73—82

TR, AR FUIEXT L e AR s . Al R
BiRb A, 2003, 22 (3) : 380—383

[29]

[30]

[32]

[35]

[36]

[37]

Ding W X, Cai Z C. Effect of nitrogen fertilization on
methane production in wetland soils (In Chinese ) .
Journal of Agro-Environment Science, 2003, 22
(3) : 380—383

Darby F A, Turner R E. Effects of eutrophication on
salt marsh root and rhizome biomass accumulation.
Marine Ecology Progress Series, 2008, 363: 63—70
Karhu K, Mattila T, Bergstrom I, et al. Biochar
addition to agricultural soil increased CH, uptake and
water holding capacity—Results from a short-term pilot
field study. Agriculture, Ecosystems & Environment,
2011, 140 (1) : 309—313

BN, ZEAHEE. AR I b SRS B A SC R BT
JE.ARFTAEZSIRET, 2003, 19 (4) : 40—44

Jia Z J, Cai Z C. Methane consumption in relation to
ammonia oxidation in paddy soils (In Chinese ) . Rural
Eco-Environment, 2003, 19 (4) : 40—44

BER, K, FEEUE, S ORREEEUKE KRS L
R AR AT A A Z R R . 3, 2016,
48 (3) : 455—462

Fan Y X, Zhang J J, Yan K L, et al. Effects of
different nitrogen levels on nitrogen supply of paddy soil and
nitrogen absorption and accumulation of flue-cured tobacco
(In Chinese ) . Soils, 2016, 48 (3) : 455—462
B, KA, BRhz, S OKRE IR RRE R
TR B be S A Th Y STRR . BRI RLE, 2005, 26
(4): 13—17

Li Z M, Min H, Chen Z Y, et al. Contribution of
anaerobic oxidation of methane to whole methane
oxidation (In Chinese) . Environmental Science,
2005, 26 (4) : 13—17

Hamer U, Marschner B, Brodowski S, et al.
Interactive priming of black carbon and glucose
mineralization. Organic Geochemistry, 2004, 35
(7) : 823—830

2, AR, WELE, S AR I A P RS
HIN,OFICH AR A S L HE2 4, 2015, 52 (4) .
839—848

Li L, Zhou Z Q, Pan X J, et al. Effects of biochar on
N,0 and CH, emissions from paddy field under rice-
wheat rotation during rice and wheat growing seasons
relative to timing of amendment (In Chinese ) . Acta
Pedologica Sinica, 2015, 52 (4) : 839—848
Knoblauch C, Marifaat A, Haefele M S. Biochar in
rice-based system: Impact on carbon mineralization and
trace gas emissions. Bioresource Technology, 2008, 95
(32) : 255-257

RS, PR, e, S BRI LR A X IR R
A TRUAE W S 37 S AR T B S ). R A A A B 5E

http: //pedologica. issas. ac. cn



1526 + 1 2 Eile 53 &

2005, 21 (2) : 42—45 rice-wheat annual rotations ( In Chinese ) . Journal of
Fu L J, Guo D Z, Shi C L, et al. Effect of carbon Nanjing Agricultural University, 2015, 38 (3) :
source and C/N ratio on heterotrophic denitrification of 431—438
pure culture (In Chinese ) . Rural Eco-Environment, [40] sz, THH:, A5, . AW BB+ 5
2005, 21 (2) : 42—45 3 X R R AR B R BRBEREE, 2015, 36
[38] Hyo Jung L, Yoon K S, Pil Joo K, et al. Methane (9) : 3393—3400
emission and dynamics of methanotrophic and Guo Y L, Wang D D, Zheng J Y, et al. Effect of
methanogenic communities in a flooded rice field biochar on soil greenhouse gas emissions in semi-arid
ecosystem. FEMS Microbiology Ecology, 2014, 88 region (In Chinese ) . Environmental Science, 2015,
(1) : 195—212 36 (9) : 3393—3400
[39] JHAM, 28, fkE, . BACEGE /N2 RS FEAE D) st [41] Xiong Z Q, Guang X X, Zhu Z L. Nitrous oxide and
F& 22 50 Ve B30 TH CH, RN, O VR B RS2 M. B sl Kk methane emissions as affected by water, soil and
224, 2015, 38 (3) @ 431—438 nitrogen. Pedosphere, 2007, 17 (2) : 146—155
Zhou Z Q, Li L, Zhang H, et al. Effects of wheat straw [42] van Zwieten L, Kimber S, Morris S, et al. Influence
biochar and nitrogen amendment on methane and nitrous of biochars on flux of N,0 and CO, from Ferrosol. Soil
oxide distribution characteristics within soil profile in Research, 2010, 48 (7) : 555-568

Effects of Biochar and Nitrogen Fertilizer Amendment on Abundance and
Potential Activity of Methanotrophs and Methanogens in Paddy Field

XU Xin CHEN Chen XIONG Zhengqin'

(Jiangsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract [ Objective] Amendment of biochar has a significant impact on methane ( CH,) emission
in paddy field, but it is still unclear about its mechanism, so further study should be done to clarify the
issue and to provide a scientific basis for the use of biochar in the rice-wheat rotation system. [ Method]
Soil samples were collected from a paddy field of a field experiment on amendment of biochar and nitrogen

(N) fertilizer after the crop of wheat was harvested in 2015 for analysis to assess effects of biochar and N
fertilizer amendment on soil physiochemical properties, methane oxidation potential and methane production
potential as well as gene abundances of methanotrophs and methanogens with the real-time PCR technology.
Biochar was added once to the paddy field before rice transplanting on June 10, 2012. The field experiment
was designed to have five treatments in triplicate, that is, Treatment NOBO (no nitrogen (N ) and biochar

(B) amended ) as control, Treatment NOB1 (only biochar amended, 20 t hm™) , Treatment N1BO

(only N fertilizer amended, 250 kg hm™ urea) , Treatment N1B1 (250 kg hm™ urea and 20 t hm™
biochar amended, and Treatment N1B2 (250 kg hm™ urea and 40 t hm™ biochar ) . [Result] Results show
that Treatments N1B1 and N1B2 significantly increased soil organic carbon and microbial biomass carbon

(p < 0.05) , and soil pH, too, as compared with Treatment N1BO treatment. Moreover, the abundance
of methanotrophs and methanogens were found significantly related to some soil physiochemical properties.
Statistical analysis shows that the copy number of pmoA4 gene was significantly and positively correlated
with soil microbial biomass carbon (7 = 0.563, p < 0.05) , but negatively with soil NH;~N content

(r =-0.573, p < 0.05) . In addition, the copy number of mcrd gene was positively related to soil total
N (r=0.675, p < 0.01) , microbial biomass carbon (r = 0.713, p < 0.01) and soil organic carbon

(r=0.696, p < 0.01) . Besides, methane oxidation potential was positively related to biochar application
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rate in the presence of N fertilizer (p < 0.05) , and in Treatment N1B2, methane production potential
increased from 0.001 mg kg™' h™' in Treatment N1B1 to 0.002 mg kg™ h™'. Methane oxidation potential was
44.4% higher in Treatment N1B1 than in Treatment N1B0O, while being 31.6% lower than in Treatment
NOB1. Relative to Treatment N1B1, Treatment N1B2 increased methane oxidation potential from 0.26 to
0.40 CH, mg kg™' h™'. Treatment NOB1 significantly increased the log copy number of pmod gene, from 6.57
g 'dry soil in Treatment NOBO up to 6.94 g™ dry soil (p < 0.05) . Compared with the control or Treatment
NOBO, Treatment N1BO inhibited increase in copy number of pmoA gene a certain extent, while increasing
the copy number of mcr4 gene by 3.0%, which indicates that nitrogen fertilizer can significantly stimulate
growth of methanogens. Compared with Treatment N1BO, Treatment N1B2 was higher in copy number of both
pmoA gene and mcrA gene, but Treatment N1B1 remained almost unchanged, which suggests that biochar
amendment at 40 t hm™ can significantly raise the abundance of methanotrophs and methanogens. Compared
with Treatment NOB1, Treatment N1B1 greatly decreased pmoA/mcrA ratio from 1.01 to 0.94, and methane
oxidation potential by 31.6%. However, biochar amendment increased pmoA/mcrA ratio in the treatments the
same in nitrogen fertilizer level (p < 0.05) . [Conclusion] All the findings in this experiment demonstrate
that biochar amendment promotes methanotrophs and methanogens in abundane, but the effect is much higher
on the former than on the latter, and consequently on methane oxidation capacity than on methane production
potential. Therefore, it can be concluded that the practice of biochar amendment helps mitigate methane
emissions in the paddy field during the wheat growing season.

Key words Biochar; Methane emission; Methanotrophs; Methanogens; Paddy field
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