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Effect of long-term different fertilization on methane oxidation potential and

diversity of methanotrophs of paddy soil
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Abstract; Oxidation of endogenous methane is an important process affecting the real flux of methane from rice paddies,
which is generated and mediated by methanotrophs living in topsoil. Very few data has been available on whether the change
of the overall microbial community effects on methane oxidation activity and/or community of methanotrophs, and in turn,
the real methane flux from rice paddies under different long-term fertilization practices. Taking an example of a long-term
different fertilization trial of a typical rice paddy from the Tai Lake region China, effects of long-term different fertilizations
on methane-oxidizing activity and the linkage to possible change of methanotrophs community are studied by laboratory
incubation of rice paddy topsoil. The studied long-term different fertilization plots include non-fertilized ( NF), chemical
fertilizers only ( CF) and combine fertilization of chemical fertilizers and pig manure ( CFM). Results show that both
methane-oxidizing activity and methanotrophic bacterial community ( MOBI and MOBII) community of the topsoil samples
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vary with the different long-term fertilization practices. Compared with the treatments of NF and CFM, methane-oxidizing
activity is significantly decreased as well as methanotrophic bacteria abundance and diversity significantly reduced under CF
treatment. The variation of observed methane-oxidizing activity among under different fertilizations is shown in coincidence
with the change of the abundance and diversity of the methanotrophs community. Therefore, real methane emission capacity
from rice paddy may be altered by different fertilization practices, which could be linked to diversity changes of the
methanotrophs community under the different fertilization practices. Thus, best management of fertilizer application may be
an option for mitigating methane emission from rice paddies. However, the mechanism causing such variation of

methanotrophic bacterial activity in rice paddies under long-term different fertilization deserves further studies.
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PV S FUR SR PSR, AR B AR A B B 25 1 B B AT TR SR R R R TRS e
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HEEHE 56 T 7S F 30 AR B R D R B B B 2 5, B9 ARG L I B B3 i T TR ke e 81, 7
KPIARFMGERG T, T B YRE R R BN 3 188 e AL B VE 451 X LT 1k, s 2 ma 75 H
1488 CH, [ KRS EFRHEGRERAERE . B, B — MR R A € A0 B KRS £ ORI X 5
1) Mg, T BIA FE ARG A T 1P s A ke ) K R e BALE B2, A IRR L
BEEH TR PSR E R A H SRR R AR SR
1 #HEFAE
1.1 RIS

i B A B G T 1987 48, T M RILE & K WEERT A (31°05'N, 120°46'E) , &
BRI X LR B9 B BUKAE +—— 3R £ (8RB /K$E A A 1, Ferric-accumulic Stagnic Anthrosols) , 1%
HAEE 2 20a AT HRER & 2 1100mm , 4E 43R 18. 3°C , &2 T /K fiZ 80cm , B ZE31 T /K £ 60cm, JF + pH
5.6, Kiki( <2pm) &84 302.9 g/kg, FHE FACHE R 20. Scmol ( + )-kg™' o KA 3 AR FL - F12
OARKIE X ( HHRILERX ,NF) , QHMEAIEX (FFRERX,CF) , QLB A £ X (R EMX,CFM) , &
MEAERES /N i AL e B AH R : 4 427. 5kg-hm>a™', P,0,:45.0 kg-hm™a™' | KCI; 84.0 kg-hm >a™",
N:P,0;KCLE 1:0.11:0. 20, FHL X i j% 2% 16800 kg-hm >a ™' (#&E), HXEH 70 (10 x7) m’* ,BH 3 4
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HE, —EOAM-milE. wi/hX B AN R 1,

£1 FTREBLENERE (0 ~5cm) THERER (2005 £HE)
Table 1 Basic properties of studied soil was measured in 2005

KCl £ mAER
R /PX WHC_1 ijif(?} i (‘%".1:1?) MBC_1 pH (mg-kg1)
Flos (me'ke™)  (Ggekg)  (gekg) (KT (H,0) NH; N NO; -N
FHE X (NF) 527.6 18.19 1.65 268. 1 6.13 2.35 2.73
AR (CF) 546.8 18.32 1.78 285.3 5.74 3.26 4.51
HHX (CFM) 552.7 20.52 1.97 310.5 5.93 4.44 2.53

1.2 TEMHERREMLHE

7 b3 3 A FE TR AL B /N X R EFRZ (0 ~Sem) T3FHE G , RAEIHE] O 2005 42 KREREIZ G, BTk
SRR PIRRG , — 5 FVED E B be EALE 2R R 2 720 € L BIRFE T 4 C Ry UKAH o5 75 — R 2k
HREEYIRAR , i 2mm §, 577 H3EEKE (80% WHC) J5 ,7E (25 + 1) CHyIEFRAE 3T B e AL i
1.3 HEARMRNE
1.3.1 TIFEAVE AW EWE

CNS elemental analyzer( Vario MAX CNS, elementar, germany ) il € ( TAETEE 900°C , # S48 28/ CO,
HE)
1.3.2 -+ NH, -N 1 NO, -N {58

FRE L 33ERE 1 20g B 250ml =#B3EH , [ HHinA 0. Smol/L KCI 100ml, 7 250 r-min ™' {3RFHL_HIR
% 1h, SR04 8, R BN ERHE  , SRBUBCR 35 4347 {X (blan rubb, AutoAnalyzer3) iz,
1.3.3 +3#ER/KE (WHC, water holding capactity ) Jfll 5

e 20 HIfR LR TRIREE R, Iz KR 2h, N, REMEZiLKS BE TS, 8
W, AT E IR EE SR BN LR AR,
1.4 T H bR EAL
1.4.1 WL HERER

5 BB [F] W e EAL B ARV XA (] R e ok 8 By el 2 V) BB ) , AR B RE T 1~k BE 1) R e i A7 3
FE, B SBRAN T R I 0 3R T 20g (A THET 13 A 120ml 35580, T LK &8
R HIEFK B 80% , FHE AR 37. Smm KR EESERHE D B E, RERZE P ET ERAS/NML, WIS, B
E-BRRERE ,BUER Som WK EZRHBREREER O EZES, LIRS KRB
F ARG E  BURE O 1) 3 R0 o 2 B TR A — € AR AR (0. 84ml 701 0. 05ml) iy 4f FF Joe , {535 P9 FF Joe ok B 43 3 o
(7000 £616) ul-L ™" F1(400 £46) pl-L~", g TR+ P B9 FE 18 E , 76 1 5 P T ol R o 22 i P T 8 AR
Pl R R AR RAE S, RIGHAEFA (LRH-250-S) H7E(25 +1) CAM T X U735, B 4
W3 WEE , BRI Bevk B 2L 0L SR — i A FH S 2 R SR P B9 Sk, Agilent 4890D S 1%
CE N CH IR B AR BL 4% FID Kol 85 A S5 4N Porapak Q (80/100 mesh) , TAEARMARE : #E IR #EHE
1 R 2% B4 1R B 43 Y R A 35,130, 250°C, R (A R) , FID &M FID 2= S W3 43 5% 5 30,45
ml-min "' 1 400ml-min ~" , B RE Y EAL B R p,gg_1 Jh ' FEoR,
1.4.2 HEEMAEEITE

FAKHERNT

V=(C,-C,) x120 x10 3 %16 x298/22.4/273/t

X, VA CH, M P EAEE (pgg ™' ,h™") ,C, 0 o BYZIRY CH MR B C, 08 o, SRR CHLIKEE, T ¢ 2

KL R R E)RE (h) o
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1.5 RS EEEES T
1.5.1 DNA &R 5REMEE RN (PCR) ¥ 1

T3 YL 4 DNA BRI B Q. BlOgene 22 ] (3£E) 913 DNA Pl {2 B3] & ( FastDNA®
Kit for Soil) , 25pl PCR X W R &R 4H 3 U0 F : 25ng K DNA Ak . & FF 5] 3K N 2pmol - p,l_l\200 pmol/L
dNTPs.2.5ul ) 10 x PCRbuffer.1. 5mmol -L ™" f§ MgCl,.1.5U ) TagDNA 58,

Type I B8 AL BB )4 5331 1 MethT1bR-GC™ ; PCR i &4 40 F :94°C Smin, 10 MEF 94 C
1min, B MEHZHIEEFEML 1C, M 60°CH] 50C1 min, 72°C 1min, H 20 3 K 94°C 1min,50°C 1 min I
72°C 2min, BJ57E 72°CF #Ef#H 6min, Type II B EALE S0 533f F1 Am976-GC ( Bodelier 45,2005 ) ; PCR
ST :94C2min, 33 AMEF A 94°C1min,58°C1 min F1 72°C2min, 5 J57E 72°CF Zf§ 5Smin,

P I4J5 BT ) PCR 741 2% SRARKEEER i ik Al R &

1.5.2 BpEZAE B B Ik ( DGGE ) 27

156 55 A0 P B X B 1l 255 Fi Bio-Rad /A 5] 475 BUAEE FE K R 4t (model 475 gradient delivery system) , 28 {445
BN TR 30% 2] 60% , SR TEIE BERR BE & 8% 5 HHE )5 ,200V T 2min /5,60°C T, 100V B ik
14h, HIKFEE)G EEERTE EB Pt 15min, PEAR 20 min ;% 4L 46 )5 ) EERE F Bio-RAD ) Gel Doc-2000 #E 1
AR5 RGEAAM; F Quantity One 43478k ( Bio-Rad ) # Bi#f & i B IK AR B9 2 DA I S BE V4, 7]
B 43T 2 T AR AL
2 Fitsh

FhE B B R A EAR H5 5 J Quantity One 347 814 43 775 A VA B, B RBECTE FERA
Hedrick 2535889 8™
3 BRESH
3.1 AFEHEAET L3 HF REEL I

B 1 2 e A AL SRR AR 3 RO [ M AE AL T TR B (70000l - L1 ) FIIG VR BE (4004l -L71) FEAERY
WS, MBI TR, IR FIE 4G P be vk A4 T A AL o R Be i vk B R AL S SR, B
FAEMG Lk E (E 1 A) T, OIS X A ARG X i B Be vk B B S AL T I8 3784 & — R N3 246 8K
T2, MALIE B 240 3 T EAF A EA TN, X 20K T8 HIBFE A VL TCHLBCHE T BoA R8s Ak B b i
J1o Firp, NF AEFE) F e S AL 30 0 HOR B2 B8 TSR A AE (CF 403 (p <0.01) 8 BIEHET 138

——NF —8—CF —&— CFM

SO0 A st 70000 L T B etk 400u L

400

(o)
D
<
<

300
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FEYR i CHy (mL-L7)

]
[l
<
<

100

3 0
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FEFRMF ] Incubation time (h)

Bl 1 CH, ¥EREIEsra i my 2 fhihgt
Fig.1 Time course of CH, concentration at the during incubation at the initial CH, oncentration of 7000jl-L~" (A), 400ul-L~"(B), respectively,

during the incubation at 25C
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4 B e AL RE 7 B SRR IR 5 X SE TR R R BE A AL B T 33X i vk B P e ) SR AL T 1 B A R R A U
AT T e 2 A R B PR MR T T BB BEHOR o XL, B3R AU AT 21h T LU MR be st R B R
WHEFESERE, 21 ~163h Z H R E F X F A HE R MR, 85 CH,# 46 ¥ & (400
wl-L™") &4 F (& 1B) , FORFAHE T B A Ml S 8/ A B h ¥ i, R R 5 Hoy 8 &%
FRWET (p<0.01 ) Bl %A H B RHE B CH AL EH . ARLEAMLL, BifiLE T SE R
TS THAEREE A ZEAL B TTAE AL B ) 2/3 , BP0 AL HE T A H 3 (v J Y e i) B AL BE A BRI, A
EEREATER RN IGAR A T, TR B A B e i RAL BB B B TR 2 5, (E A W v
H eI 2R R BRI T T A RER B K
3.2 AFMGEAEALEER 1 3 Be SALTE MR R

B 2 B[R AE AL R Ay SR AN R BE R B Y B AL TS (X LA CHL RPN B R RN ) , WNE B,
CH W B T AR ST ¢, sl vk X CH, SRR ER S RN F , DR B E R a8 R
F) S B 5 T s S [ S ) 17 - e P e By S AL T 1, TG 3 T i v ((7000 £616) pl -1 )
FR e J ot ARV BE (400 +46) wl-L™" ) iy H e, CFM 55 NF (i + 395 Y Jpe ) AL 76 P 8. 25 RO 780 T BB AL
MEALZH(p <0.01) , 5 NF MG, 7E R v B FBE RIIRVR B T B2 T CF X R RALBR 1 70 B T RE T 12. 6% Fl
15. 7% , Wi AL BL A% 2L M IE 77 20 3 3B AL R Be BE T g #a g

0.5

a 7000 puLL™! 0.03 b 400 ul.L™
04

03

7
"
ot
o

CHALTR#

CH, oxidation activity (ug/g/h)

CHALTR#

CH, oxidation activity (ug/g/h)
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B2 AFMEAEAET 1P S a LT
Fig.2 Methane oxidation activity related to initial methane concentration under different fertilization treatments

AR AKEFZBRERARMEIEATER - HELFRE TN B ESEEZR(p<0.01))  The different capital letters in the figure indicate

significant difference at p <0.01 between treatments

3.3 AFMEAET LEF AN EREZHER N

A TR A PR A 2L PCR 38R DGGE, 15 B4R MNE 3, B I, ik 2% MOBI(E 3: A) & Xt
MOBII( & 3: B) ki, CFM B4 4R LL NF F CF 8%, BRI A AL AL B (B4 AR DL A7 , tuA AR 457,
A8 %45, CFM Z 1 NF 71 CF 9 MOBL Al MOB2 B2k , BN IRRA L A ¥A %, T ELAAE 75 2N
AREERD T HERE A, XE 3 BE—0tr R (B 4 Bra) 78 3 BA R E 2 4, 5 NF A
M., CF %f MOBI([& 4: A) Al MOBII( /& 4. B) i+ HEMBER LI EHEA BEREMK(p <0.01) ,CFM NXt
HABEHM(p <0.01) MXSHT R, A5+ 19 MOBI fl MOBII ZHM18505 F B BA RFHIME X
(R*=0.9978,p <0.05; R* =0.9985,p <0.05) , =W F A A 1) F 5 5 B EMBW T HEREH,
3.4 AFMGAEALEET H 5 S B AL

T ) oo P Y S LR R M B AT D TR AR A B R/ , R R/ N S B T Bl A W e M AR AR P Y
Fifl. #N3% 2 fn , 3¢ MOBL i 55, NF 5 CFM BYARMESR , WXt T MOBIL i 5 , 412 NF 5 CF Hy {4
L, AR, W R e A T g e S =K ) A T e O, 8 3 O [R) , AL FE B Tt % 26 % MOBIL 1 2% Wiy 2 J3E 85 T %o
MOB1 K& .
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B3 RFEMEACHESE T # MOBI (A) F1 MOBII(B) i) DGGE B3
Fig.3 DGGE profile of MOBI (A) and MOBII (B) under different fertilization treatments
1~3.CF;4 ~6.CFM;7 ~9.NF

£R2 FEMEELEE MOBI 71 MOBII £ 18 {5

4 i‘ﬁ‘é* Table 2 Similarly coefficient of MOBI and MOBII population under
TRPER SRR AR TRERRE .

HBHAEERN™ , FERTREXN LEELT 4@ freamons NF CF o

KERE MR SR EW  ERRES BERK L MOBI (A8} Similarly coefficient of MOBI

FEHIEALBR NP, Mosier Z3R3E"™ , 1 NH,NO, NF 1.000

22kg-hm 25 5 R MR G + X L, 2T B R e o Ve 000

B8 1 B AR 41% ; Hiitsch 28 ) F 95 [ 18 3R S0 36 v MOBII F#H ) Similarly coefficient of MOBII

1843 4FFF I /N B FA U T T S IE RO K B3 o I oo

B2 R BRS x BR AL AR B, 8 SRUIE B 6 F B fm CFM 0.759 0.672 1.000

( Hy 44kg 3 IMB) 80kg) 3%t H ek BALRE 1 18k

E== Shannon$§%{ Shannon's # —e— FAYFEEJE Species richness

135 - 30 115 - -8
' A B
16
= 130 PR 14 g
2 g 2
= =
g 12 - 10 5
w2 [ ] w2 [ ]
e 5 & = a
3 3 o
£ 120 o B o
g T - 6 @
s I iy
= = = =
115 = @ 4 =2
5 e e
2
1.10 0 0
NF CF CFM NF CF CFM

B4 AFEMEALIEHER MOBI(A) #1 MOB I(B) ##)=F & ¥ 5 Shannon $54

Fig.4 MOB species richness and Shannon’s H under different fertilizer treatments
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Ko SRR ZME RIS 4k B R e AL B T SE R 0 , FR 06 PG S 0 P ke 138 P e AL i ot 3R 3
3 80% LA b, 7E 233 HEMAAE I UG, S PR /E 5 AR % 20% s WiZE K4 (17a) 1 F 40 ( NH, NO,,
150kg-hm ™ a™") {y L ER# AL IHEIBE ST THEE 50% ~80% *, Powlson LR 57 KRB ZR AR L4 |
PLESE 150a Hif NH, -N(N144kg-hm ) 15 AL R Y . R Bodelier 2535 3767 H e FI B £ I3
HI A" . BARRLE R 8K, K1 (18a) BMLIE(NPK, Hh EIE AR E) BERMK T EFSE&H
T R A L, TV A0 R AL TE B4 33 5 70 25 P B S5 HEAT 00 B A = Ak i iR R 25
WEBR, G T L3 =t B X HAbAL B B 2 e £ 1

AR A HUIE AL B A - S B Ak PP A0 B D 3RE AR AR, Hittsch 71 Sommer 25338 78 SR 2 0 s
FA DRSS B e AL B B ) | i — B B 5 F2 I KRS - b S F 78 HUIE B B 2T i - v
F s AL, Willison 2571 FR A8 B9 — S BIMEBHR I B (1902 4EFF48) BREE R B81 , 5 % BRAH 1, T 8006
AHUEST DAL R R B RS, N G R R A B T P i b h BE R T ¥IEE PUE,
T TR ERALEE . AIRIR 4SR5 HARE A, ZE AR I o , 6 3906 PR 4 2 Ak B4R 3 1 398 S AL P e B ) T B
Sk i AR /N ARAENE LY,

HEAE T 338 e AL B M S B E AT M A B AL B P TR P SRRV o TS P A P
bR BB RIS D TR IR S OB B 45 * 5 Roslev and Iversen R , MOBI 3o 40 A F iU/R%
#75 T MOBII™ | Seghers % DGGE H AR ML T H b AL BEvE S5 M AL 45 B, M =X
B M R AL B R B AR A VLT R ) A3 AY 3% e A RUIE ( NHL,NO, ) i Ab 38 &
BHEE B, B3N T MOBI (2 RE 4, SR T, X+ T MOBII i & , #0236 F U i 1 33 5 T 06 P 4 A 1 40
B AGRI SRR, R ORHE B P S0 T R S B I REVE 45 1, X T BE S AIERH CO/N B
%, 1 R, ARG S RME Y BREE B EER , BA VLTI B 8 LR R
B, AREHAY YR AT MOBL Al MOBIL (¥ ZRE £ B E#E B & # 5, HEm MOBI ¥
FEEE T T4 MOBI M (3R 2) , BAR , 7EKAS L o sX TR B e S AL B S B BUR R L5 RS BAR
FIlF . L3 R EALRE ) 2 R B AL 2R Y B2 0, MOBI A1 MOBIL (£ 61 55 + 88Xt FUR B AL
WA S (B 5) , Seghers SEYBRII s iy, B A B AL B S REHE:

& MOB | A MOBII
14 — 1.4 -
A TR CH, B K3 CH,
L * 13k .
- 1.3 * 4
‘g 12 [ . 1.2 + ’
o L A 11k A
§ 1.1
i=
S 10| A Lo L A
£ A A
£
w
09 - 09 -
0.8 | L J 0.8 L L J
0.30 0.35 0.40 0.45 0.010 0.015 0.020 0.025
WAL TS i (ue g ) B A (ugg h )
Methane oxidation activity Methane oxidation activity

Bl5 300 H R A ALTE S T REEER R

Fig. 5 The relationship of methane oxidation activity and Shannon’s H

5 &
FHA IR W A AL B 7 LSRR AL P e BB 7= AR T B R0, A MLICHUIL R BT AL 2 T 78 H 35 e
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RS ALRE ) B3 B T M IEAL B, A R A B M B T IR Se SR 4514, 5 T0E A B itk
HEALZEAR L , A YL FHBCHESS MOBI 1 MOBII B A B2 12 5, W Ae AL SR BRI R
- Y Libs R A ) D A
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