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Abstract;: The microbial mechanisms of how different long-term fertilizations change methane oxidation of Chinese upland arable soil is
unclear so far. In the present study, we attempted to investigate the “soil properties-community properties of methanotrophs-methane
oxidation” relation of dark brown soil in Northeastern China under different long-term fertilization regimes. Community structure and
abundance were monitored with PCR-DGGE and real time PCR, respectively. Methane oxidizing rate and soil properties were measured
as well. The results show that combined use of mineral fertilizer and compost ( MNP ) reduce soil methane oxidation by 61.2% ,
whereas either mineral fertilizer (NP) or compost (M) shows no effect. Comparing with no fertilizer (CK) , M and MNP increase the
Shannon index of methanotrophs by 91.9% and 102.5% , respectively, whereas NP has no effect. Similarly, M (M or MNP)
significantly increases pmoA gene abundance by up to 12.7 folds compared with no M addition (CK or NP). Methane oxidizing rates
are significantly correlated with community structure and specific activity of methanotrophs, with correlation coefficients of 0. 363 and
0. 684, respectively. However, methane oxidizing rates do not correlate with abundance and diversity of methanotrophs. In addition,
community structures and specific activity of methanotrophs are significantly correlated with soil pH and content of total nitrogen and
organic matter. Our results suggest that long-term different fertilizations may change soil properties ( such as pH and content of total
nitrogen and organic matter) and thereafter the community structure and specific activity of soil methanotrophs, by which long-term
different fertilizations influence soil methane oxidizing rate. The opposite change of methane oxidation to methanotrophs diversity and
abundance in MNP suggests that only parts of the methanotrophs are active, which needs further research.

Key words:dark brown soil ;methanotrophs; pmoA gene; real time PCR; methane oxidation rate; redundancy analysis; Monte Carlo
test; PCR-DGGE
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Fig. 1 Effects of different long-term fertilizations on soil methane oxidizing activity and specific methane oxidizing activity
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Fig.2  Effects of different long-term fertilizations on DGGE

profiles of soil methanotrophs
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Table 1  Effects of different long-term fertilizations on

community abundance and diversity

Ab P pmoA FEH FEFF x 107/copies'g’] F A A8 B
CK 0.83 b 1.60 b
M 9.04 a 3.07 a
NP 0.80 b 1.64 b
MNP 11.68 a 3.24 a
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Table 2 Correlation and its significance (p value) of soil
methane oxidizing activity and community properties ( abundance,

diversity and community structure) of methanotrophs
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Table 3 Effects of different long-term fertilizations on soil physic-chemical properties
Qb KR/ % pH B/ g kg ™! LR % S/ g kg ™! C/N C/P
CK 36.41 ab 5.24 ¢ 39.03 b 0.22 ¢ 0.58 a 17.59 a 70.72 a
M 37.65 a 5.77 b 39.71 b 0.23 b 0.62 a 17.44 a 66.75 a
NP 34.81 be 5.12.d 38.60 b 0.22 ¢ 0.53 a 17.94 a 72.89 a
MNP 33.28 ¢ 6.05 a 45.02 a 0.26 a 0.79 a 17.43 a 58.92 a
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Fig.3 Redundancy analyses of the correlation of soil
properties and community structure of methanotrophs

under long term different fertilizations
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Table 4  Correlation coefficients (r) and their significance (p value) between the specific activity methanotrophs and soil properties

Wi H KR % pH BT/ g kg™ LR/ % L /g kg™ C/N c/p
r 0.199 -0. 855 -0.604 -0.658 -0.478 0.202 0.363
p 0.535 < 0.001 0. 037 0.020 0.116 0.530 0. 246
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Menyailo 25"/ 75 55 J§5 2 45 v (9 WF 5 45 S 25 oL, AL i)
R B TCAL G aa B A R e SR Ak TR Y B T R e - 4
ot AR R I B R, TS [R] i I T LA 2o 2l
AR b BRI 2 M TR e FR e S Ak TR R U R AT A
VoI P, 2T AR A TR e AR A R

TE V& 45 40 A8 b Ja P Hoe Sk o 38 % 2E A i A
O [ H e 4 A T X R 6 1) 481 BE T RS R TR
43 R ot S A B O R AL L AR R
MNP fib 34 - 38 FF e S0 Ak 7 26 ( DGGE iy i)
55 CK Fil NP 4 3R Fb R We B2 18, (H FR e 4 Ak i %
HIWE AL, U0 MNP 2b B | hos RT3 ik
W RAE T W b A AR M Bt 2 B R A A AR
it 5% PR e A 3 23 708 TR B 9 M AR I ) 2 DA
A, R AT RE R R B A REE A S %
BT SE A, Qs N IR 25 R FIK A b A TR
Bt S8 A0 T B G T & ( Methylomicrobium ) i1 HI
% 1 J& (Methylocaldum ) 1) A= 4 52 3| fe g , 7 1 %Y
e S A T 8 A B YL PR e, i — 2B A B
HbAFZ 3 28 BR 0 R B AL TR, BRIl A
R - b M-I BR PR A A R I8 AR - - 4 R e e Ak
R 56 FOHE R A B A Al 5 it ke A Tk [ R b
A T - 38 R e S Ak o R 5 B Y 1 T S 4

4 i

(1) Fophits FH A HLIE 55 J0 HLAE X % 4 18 H bt 4
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PP & BEAG T 49 e S Ak 5 (3 A il JES Ak 3R
F oAy 38.8%.

(2) 3 W e S Ak 56 5 P e S T BT A 7 T2 0
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B EA G MR 0.363, 5 S LE 1
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AH 3 3k ol A% HH e 48 Ah TRT 1) B 7 45 A T 34 HE e Ak
A SRR A AN (7] it RES 52 ) PR A 48 = 39 Y e AL R
[ 3= AL
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