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Studies on relationships among methane emission and methane-oxi-

dizing and methanogenic bacteria in three types of rice-field soil
CHEN Zhong-Yun, MIN Hang ", CHEN Mei-Ci,ZHAO Yu-Hua  (Department of Biological Sci-
ences, College of Life Sciences, Zhejiang University. Hangzhou,310029,China). Acta Ecologica Sinica,2001,21(9) :1498
~1505.

Abstract: Three types of paddy soil were sampled from different three sites of Zhejiang Province. Huangson
rice-field soil was developed from fluvo-aquic soil matrix.old Huangjin rice-field soil from the Quaternary
red calay soil matrix and Qingzi rice-field soil from coastal saline soil matrix,which were not applied any
fertilizer. The bigger stones and larger fiber residues of plant were removed in the soil samples. 15 kg of
each soil sample was put into 13L-plastic barrel and immerged over with water. Three plastic barrels of soil
were replicated for each type of soil sample,two of which were planted rice plant and another one was not
planted rice plant as control.

Methane was measured using a 102G gas chromatograph with a hydrogen flame ionization detector un-
der the following conditions :carrier : GDX-502,air: 700 ml/min;H,:40 ml/min;N,:25 ml/min,room tem-
perature:40 C. The appearance of the pure methane peak was at 17 sec. The pure methane gas.purchased
from Beijing gases plant,was as the reference.

The population of MOB was measured with the anaerobic roll tube method using Hungate’s anaerobic
technique but the medium was aerobically prepared and kept under aerobic condition in anaerobic tube with
specific isobutyl rubber stopper to prevent the escape of methane gas. Each anaerobic tube with 4.5 ml

melted aerobic medium was inoculated with different dilutions of soil sample and rolled,respectively,then
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was injected with 3 ml pure methane used as substrate for methane-oxdizing bacteria and incubated at 30 C
for 7 days. The amount of colonies formed in the rolled tube with methane was counted after incubation.

Medium for determination of methane-oxidizing bacteria was composed of (g/L) KH,PO, 1.0,
Na,HPO, « 12H,0 2. 9.MgS0O, « 7H,0O 0. 32, (NH,),S0O, 3. 0,trace element solution 10 ml and distilled wa-
ter 990ml,pH 6. 8. The medium was aerobically prepared and 4. 5ml of medium was added to each anaero-
bic tube,which was stopped with a specific rubber stopper.

The population of MPB was determined using the anaerobic roll tube method by Hungate’s anaerobic
operation technique. The medium used for determination of methanogens was composed of (g/L) NH,CI
1. 0 MgCl, 0. 1,KH,PO, 0. 4,yeast extract 1.0,cystein 0. 5,HCOONa 5. 0,CH;COONa 5. 0,CH;OH 5 ml/
L,soil extract solution 300 ml/L and trace element solution 10ml/L. Before the medium was used,0. 1 ml
anaerobic sterilized mixed solution Na,S(10g/kg)/NaHCO,(50g/kg) was injected into each tube with 4.5
ml medium to decrease further redox potential of the medium and then 0.1 ml 160 000 units/ml of peni-
cillin was added to inhibit eubacteria. After inoculation the headspace of the tube was flushed using axoxic
hydrogen and injected with 3 ml anoxic CO, with high purity. The amount of colonies formed in the rolled
tube was counted after the tubes inoculated were incubated at 30 C for 10 days.

The population of MOB ranged 10°~10° cfu/g dried soil in three type of soils. The highest average
population of MOB was found in Huangsong rice-field soil in non-submerged soil samples.but that was in
old Huangjin rice-field soil in submerged soils. The average population of MOB was higher in the planted
rice field soils than in non-planted rice field soils,and that was higher in the planted latter rice field soils
than in the planted earlier rice rice-field soils. The results,however,showed that there was no significance
difference between that in the planted rice and the non-planted rice soils from each type of soil sample.

The population of MPB raged 10°~10" cfu/g dried soil. The largest average population of MPB was
observed in Huangsong rice-field soil and the smallest one was did in old Huangjin rice-field soil. The aver-
age population of MPB was larger in the planted rice field soil than in the non-planted rice field soil,and
that was larger in the soil planted earlier rice than in the soil planted latter rice. The results showed that
there was a significance different between the populations of MPB in the planted rice soil and the non-
planted rice soil from the three types of soil samples.

The methane flux ranged 0~9. 76 mg/(cm?* * d). The highest methane flux was monitored in Qingzi
rice-field soil and the lowest one was did in Huangsong rice-field soil. The methane flux was higher in the
planted rice soil than in the non-planted rice soil and that was also higher in the planted earlier rice soil
than in the planted latter rice soil. The result indicated that there was a significant difference between the
methane fluxes in the planted rice soil in the and non-planted rice soil from each type of soil samples.

The populations of MOB and MPB could obviously affect the flux of the methane emitted from rice-
field soil. There was no or little methane emitted from rice-field soil when MOB reached at about 10° cfu/g
dried soil and MPB did about 10° cfu/g dried soil in the rice-field soil. The flux of methane emission was al-
so closely relative to the physic-chemical properties of soil sample.
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1. 1
: KH,PO, 1.0g/L. Na,HPO, « 12H,O 2.9g/L., MgSO, « 7H,O 0.32g/L,
(NH,),S0, 3. 0g/L, 5 10ml, 990ml. ,pHS6. 8.
, , 4. 5mlL, ,
HCOONa 5g/L ,CH;COONa 5g/L..CH;OH 5g/L.,H,/CO,(80/20 v/v,
),NH,CI 1g/L,K,HPO, 0. 4g/L, KH,PO, 0. 4g/L, 0.5g/L, 0.002g/L,
10ml, 1 300ml, 690ml,pH 7. 2,
s 4. 5ml, s o
2% [4] .
1.2
, 15, .
o 15kg 13L ( 3 ) s 2 2
( 2 ) s 1 .
1 N
Table 1 The main physicochemical properties of soil samples tested
(mm)
Main (g/kg) (g/kg) C/N (g/kg) (g/kg) H* Physical composition
physicochemical ~ Organic Total : Total Total p
properties matter nitrogen potassium phosphonium 2~0.02 0.02~0.002<C0. 002
HSRFS* * 21.3 1.27 9.7 16.5 0473 7.94 42. 42 37.71 9.87
OHJRFS* * 25.7 1.49 9.7 12.0 0. 36 6. 32 29. 85 42. 44 27.75
QZRFS ™~ 37.3 2.19 9.9 20.0 0.52 7.61 19. 49 42. 80 37.71
* pH SPM-10A . ** HSRFS=Huangsong rice-field soil; OHJRFS=0Ild Huangjin
rice-field soil; QZRFS=Qingzi rice-field soil
1.3
50g (1~7cm) , 5g
s 45ml 100ml s 10min., 10
1.4
, 0.5ml 10 *,10°°,10 °,10°7 s
3 4. 5ml 45~50C s s 5ml
, 30C 7d, ( 100~10 )
MPN ,  107%,107°,107*,107°,10" %1077 0. 5ml, 3

4. 5ml s 0.1%Na,S 5%NaHCO;, 0. 1ml (50mg/ml),
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30C 10d, B
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1.6
102G B 100% ,  100ml
., CH, :N, 25ml/min,H, 60~70 ml/min, 600~700 ml/
min, 38C, GDX-502., 17s,
2
2.1 (MOB)
2~ 5 MOB 10°~10%fu/g s 2
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2.2 (MPB)
2~ 4 6 s MPB , 10°~10"cfu/g .
s MPB s MPB s
MPB s MPB
o MPB
MPB s o
MPB Le.10] ]
s MPB
MPB s B s
MPB MPB
,  MPB .4 1 ~4 27
MPB s o
el MPB ;
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Table 2 Effects of earlier rice and latter rice on methanogens, methane-oxidizing bacteria and volume of the methane e-

mission in rice field

Population of MOB Population of MPB Volume of the methane emission
(cfu/g dry soil) (cfu/g dry soil) (mg/cm?. d)

Tested type

2) @ 2

Variation Average Signifi- Variation Average Signifi- Variation Average  Signifi-

cance cance cance
3.51 X107~ 1.94 X107~ _
E rice  2.60X10%  7.83%107 A 5.35X107  1.26X107 B 07568 1.9z A
HSRFS 5.92X107~ 1. 63X 107~ D 0. 94
Lrice  1.41X10°  1.05X108 1.70X107  7.22X10° ' ’
1.41X 107~ 1.00x108 1.08X10°~ 3.61x10°
E rice 1.39X10% 1.77X107 07976 2. 74
A B B
OHJRFS ‘ 3.87 X107~ 1.51 X105~ ) 0~1. 03 0. 49
L rice  3.86X10%  2.01Xx10% 7.38X10%  4.50X10°
2.44X107~ 1.27X108 7.55X 10"~ 4.38X 106
E rice  2.12X108 7.07 X106 0~6. 04 3.07
A A A
QZRFS 4.45X 107~ 5.08 X 10* ~ 0~3.06 1. 30
L rice  3.47X10%  2.35X10% 5.43X10%  1.52X10°
® , @A . B: , C:

3
Table 3  Effect of planting rice on methanogens, methane-oxidizing bacteria and volume of the emission methane in rice

field

Population of MOB Population of MPB Volume of the methane emission
(cfu/g dry soil) (cfu/g dry soiD) (mg/cm?. d)
Tested type r
) ® ®
Variation Average Signifi- Variation Average Signifi- Variation  Average  Signifi-
cance cance cance
3.34 X107~ 5.70X107 4.80X10°~ 4.14X10° ;’iéXIOi_N 0.71
onpRe & 37X 107 1. 70X 107 :
HSRFS ¢ . . ¢ A
3.51X 107~ 9.56X107 1. 63X 10°~ 8.57X10° 0~5. 63
gpro 2 60X10° 5,35 107 : 1.38
3. 27X 107~ 9.00X107 4.25X10°~ 1.60x10° é ggXIOiﬁN 1.09
o 1.29x108 6. 05X 10° o
<))
SNPR C C A
OHJPFRS 1.41X107~ 1.17X108 1.08X10°~ 1.54X10° 9. 76
gpRo 5 86X10° 1. 77X 107 : 1.54
2 5 1.37X10 3~
1L31X10%~ 2. 06X 107~ ;
axpge 6 HX 107 4.59% 10 o aswion 1-92X10 3.73 1. 22
h C C A
QZRFS 2. 44X 107~ , 5.08 X 10% ~ ]
9. - . 6 0~6. ( 2.07
SPRO 3.47% 108 9.32X10 7.07% 10 2.17X10 0~6. 04

(DSNPR= Submerged and non-planted rice; SPR= Submerged and planted rice.
@A: B: C:
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Table 4 Effect of submerging on methanogens, methane-oxidizing bacteria and volume of the methane emission in rice

field

Population of MOB Population of MPB Volume of the methane emission
. (cfu/g dry soil) (cfu/g dry soil) (mg/cm?. d)
Tested type _
@ &)
Variation Average Signifi- Variation Average Signifi- Variation Average  Signifi-
cance cance cance
9.88X10°~ _ ___ 1.83X 10~ \ 0
NST g2 107 1-55%X10 5 oyu il 3 94X10 0
C B 3.34 X B
HSRFS -
3.34 X107~ . 4. 80X 10"~ s 1072~
. - . b 0.
SPRYW 9.37X107 5. 7010 1. 70X 107 4 1410 2.46 &
190X 105~  _ ] 8.34X10%~ , 0
NS 5.35x100 O 07X10 L1sx10t O 7EX10 0
A B 1.79 X B
OHJPRFS 3. 27X 107~ . 4. 25X 10~ ) 1073~
< . . .0
SPR 1. 29X 108 9- 0010 6.05X 108 1. 6010 2.97 109
3. 58X 105~ ] 237X 109~ , 0
NS 1.33X107 6- 3810 7.52X10°% 46210 v
A B 1.37 X B
QZRFS B °
1.33X107~ . ; 2.06X 105~ , 103~
SPRa  6.a4x107 099710 6.35x100 1" 92X10 3.73 122
(DNS=Non-submerged; SPR= Submerged and nom-planted rice. @ A B. C.
5 (cfu/g )
Table 5 Effect of different type of soil on population of methane-oxidizing bacteria (cfu/g dry soil)
Nijl/f]%t’;)fn/ezj)ed (4/28 ~11/20) (4/28 ~17/22) (7/22 ~11/20) (4/28~11/20)
) & Submerged and Submerged and Submerged and Submerged and
Soil sample non-planted rice planted earlier rice  planted latter rice planted rice
Av Si Av Si Av Si Av Si Av Si
7 = 7 7 8 7
HSRFS 1.55X10 a 5.70X10 a 7.83X10 b 1. 05X 10 b 9. 56 X107 a
. 6 7 . 8 ; 8 p 7 p
OHJRFS 3.57X10 b 9. 00X 10 a 1. 00X 10 ab 2.01X10 a 1.17X10 a
6 = 7 8 8 7
QZRFS 6.38X10 b 4.59X10 a 1.27X10 a 2.38X10 a 9.32X10 a
*a a.b b.c c sa b . Av = average, Si = significance.

* *HSRFS= Huangsong rice-field soil; OHJRFS=0Id Huangjin rice-field soil; QZRFS=Qingzi rice-field soil.

2.3
2~ 4 7 s ,  0~9.76 mg/(cm® + d),

’ b}



6 (cfu/g )
Table 6 Effect of different type of soils on methanogens (cfu/g dry soil)

4/1~4/27)

Non-submerged

Soil sample

(4/28 ~11/20)
Submerged and
non-planted rice

(4/28 ~17/22)
Submerged and
planted earlier rice

(7/22 ~11/20)
Submerged and
planted latter rice

(4/28~11/20)
Submerged and
planted rice

Av Si Av Si Av Si Av Si Av Si
1 - 6 o . 7 o . 6 « . 6 o
HSRFS** 3.94X10 a 4.14X10 a 1. 26 X10 a 7.22X10 a 8.57X10 a
3 . 6 . 6 s 5 . 5 5
OHJRFS** 9.71X10 ab 1. 60X 10 a 3.61X10 b 4.50X10 c 1. 54X 10 b
. 3 . 5 4 . 6 .5 6 2. 6
QZRFS"* 4.62X10 b 1.92X10 a 4.38X10 b 1.52X10 b 2.17X10 b
* a ab b ¢ ;a  b.b ;a C ;s Av = average, Si
= significance
7 (mg/(cm? » d))

Table 7 Effect of different type of soil on volume of the methane emission (mg/(cm? « d))

4/1~4/27)

Non-submerged

Soil sample

(4/28 ~11/20)
Submerged and
non-planted rice

(4/28 ~17/22)
Submerged and
planted earlier rice

(7/22 ~11/20)
Submerged and
planted latter rice

(4/28~11/20)
Submerged and
planted rice

Av

Si Av Si Av Si Av Si Av Si

HSRFS 0 a 0.71 b 1.92 c 0. 94 ab 1.38 b
OHJRFS 0 a 1. 09 ab 2.74 ab 0.49 b 1.54 b
QZRFS 0 a 1.22 a 3.07 a 1. 30 a 2.07 a
* a a,b b ¢ ;a  b.b s;a C s Av = average, Si
= significance
2.4

2~ 4 s N

N o MPB 104cfu/g
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. MPB 10°cfu/g MOB 10%cfu/g s
R MPB 10°cfu/g s
1 7 CH4 <0. 02mm
2~0. 02mm s <0. 002mm .
(<C0. 02mm 57.58%) MPB MPB
. (<0. 02mm 80.51%) ,
. Sass 7
,Y=10.40+0. 718X, Y CH, (g/(m*+ d)),X (%, 2
MOB s MPB o
( ) MOB 3 MPB
( IR o MPB MOB
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