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The relationship between N,O emission flux from paddy fields and nitrifying—denitrifying bacteria under differ—
ent irrigation methods and nitrogen treatments
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Abstract; To develop a suitable irrigation method and nitrogen (N ) management approach for reducing N,O emissions from paddy fields, the

effect of different irrigation methods and N treatments on the N,O emission flux from paddy fields over an entire growth period was investi—

gated. To achieve this, the inorganic N content and number of nitrifying—denitrifying bacteria in the soil at different growth stages were de—

termined using field experiments. The relationship between the N,O emission flux from paddy fields and the inorganic N content as well as

the number of nitrifying and denitrifying bacteria was analyzed for each sampling day. The field experiment included three irrigation meth—

ods, namely, conventional irrigation ( CI), "thin—shallow—wet—dry" irrigation(TI), and alternate drying and wetting irrigation(DI). Two N
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treatments, namely, 100% urea(RN1) and 50% urea + 50% pig manure (RN2) were also used at the same N application rate. For the same

N application, the TI method was found to reduce the N,O emission flux from paddy fields. The DI and TI methods were found to have a

higher number of nitrate and nitrite bacteria as well as inorganic N content than the CI method. The CI and TI methods were found to in—

crease the number of denitrifying bacteria compared to the DI method. Under the same irrigation method, the RN1 treatment was found to

decrease the N,O emission flux significantly, and the RN1 treatment decreased the number of nitrate, nitrite, and denitrifying bacteria, as

well as the inorganic N content compared to the RN2 treatment. There were significant positive correlations between the N,O emission flux

from paddy fields and the NHi =N content, as well as the number of nitrate bacteria and denitrifying bacteria in the soil. Significant positive

correlations were also observed between the NHi—N content and the number of nitrate bacteria and denitrifying bacteria in the soil. There—

fore, it is shown that the "thin—shallow—wet—dry" irrigation method and urea treatment can reduce the N,O emission flux from paddy fields,

and the N,O emission flux was affected by the NH;—N content and number of nitrate bacteria and denitrifying bacteria in the soil.

Keywords: irrigation methods; combined application of organic and inorganic N fertilizers; N,O; emission flux
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Figure 1 Changes of N,O emission flux in paddy soil under different irrigation methods and nitrogen treatments

| FRIEAKEXERSEN T IELNE S ERRM(mg-kg)

Table 1 Effect of different irrigation methods and nitrogen treatments on the mineral N content in the paddy soil (mg-kg™)

A A NHI-N CI RN1 37.40+3.41ab 20.36+1.52¢ 13.25+1.08d 8.06+0.49¢
RN2 29.45+1.55¢ 23.29+1.79bc 14.32+1.17cd 11.34+1.49b
DI RN1 42.01+4.28a 25.41+2.41ab 17.03+1.16b 8.85+0.47¢
RN2 35.64+3.62abe 28.60+2.39a 19.78+1.25a 12.14+0.39ab
TI RN1 39.85+3.05a 23.81+1.26bc 16.35+1.03be 9.10+0.68¢
RN2 30.79+1.92bc 26.98+1.85ab 19.30+1.63a 13.46+1.09a
A A NOs-N CI RN1 0.31+0.03¢ 0.72+0.08b 0.52+0.04¢ 3.39+0.33¢
RN2 0.14+0.02¢ 0.28+0.03b 0.64+0.05¢ 4.00+0.24abc
DI RN1 2.56+0.31a 3.38+0.30a 2.82+0.38a 3.83+0.27bc
RN2 2.13+0.25b 3.67+0.36a 2.53+0.29a 4.53+0.32a
TI RN1 0.26+0.04¢ 0.49+0.06b 1.73+0.17b 3.66+0.33bc
RN2 0.11£0.02¢ 0.39+0.04b 1.41+0.16b 4.25+0.18ab

T RPBAEN P I AR ERE (n=3). A — IR 5 B R 22 53¢ .35 (P<0.05) o T Il

Note: Values are meanszstandard deviations(n=3) , Different letters in the same column indicate a significant difference at P<0.05 level. The same below.
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Table 2 The effect of different irrigation methods and nitrogen treatments on the number of nitrifying—denitrifying bacteria in paddy soil

i)

KA

it Ak 7

Bacteria Irrigation method N treatment I3 GEN Tillering ’PHER Booting FLBUH Milky A Ripening
TiF Ak 20 B CI RN1 10.08+1.27¢ 5.36+0.64d 3.37+0.46¢ 2.81+0.38b
Nitrate bacteria/ RN2 6.03£0.96d 4.16:0.63d 3.89+0.46bc 3.22:0.23b
10° cfu-g' F++

DI RN1 16.74+2.18a 14.20+2.35b 4.45:0.49bc 2.92+0.45b

RN2 13.94+2.28ab 20.15+2.87a 6.08+0.65a 3.78+0.46ab
I RNI 11.84+1.26bc 7.57+1.07d 4.93+0.83h 3.29:0.55b
RN2 8.94+1.34c 10.82+1.88¢ 6.740.76a 43120454
A AL TR CI RN1 36.39+5.10bc 26.70+2.62d 15.45+2.04¢ 9.89+1.38¢
f(;;f}fi bg‘*ﬁteTri/ RN2 24.78+3.09¢ 40.02+3.09bc 19.80£2.21be 14.782.02ab
DI RNI 56.25+8.75a 44.86:£6.86ab 20.212.10be 10.10+1.24¢

RN2 48.90+5.02b 54.00+6.07a 29.99+2.50a 13.01+2.09b¢

T RN1 44.82+4.79ab 31.74+4.93cd 24.83+2.44ab 13.85:1.33abe

RN2 35.434.47be 41.176.17he 29.7+3.20a 17.50+2.37a

R icied ) CI RNI1 69.97+8.49¢ 97.27+10.34bc 68.29+7.34bc 30.31+5.03bc
Denitrifying bacteria/ RN2 133.09+18.41h 147.12+17.55a 110.52+11.86a 49.80+5.58a

10* cfu-g' F++

DI RNI 59.65+8.95¢ 82.21+7.47c 55.30+7.46¢ 20.37+3.02d

RN2 164.91+15.67a 102.85+16.81be 80.12+8.02b 34.29+4.17be

T RN1 70.8110.39¢ 104.04+15.52be 69.59+9.38be 24.73+3.30cd

RN2

149.49+17.57ab

132.38+19.32ab

90.44+13.08b

39.61+5.03b
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Table 3 Correlation between the N,O emission flux and the number
of nitrifying—denitrifying bacteria and inorganic N content for
different irrigation methods and nitrogen treatments

s, TERTCAE R LA
<o~ Denitrifying B Nitrite  Nitrate

. ;
fiEbRlem NOIN NHIN

bacteria bacteria bacteria

ERASA NHi-N -0.466%*

JASALAE  —0.631%% 0.555%

Denitrifying

bacteria

WREILANE  -0.280% 0.682%%  (.597%*
Nitrite bacteria

AL —0.042  0.733%%  (.398%*  (.79]%*
Nitrate bacteria

HEjcm & 0.018  0.331%* (.382%* 0.291*  0.309%*

Emission flux

ﬂf ¥ ﬂ%;nmzoafﬁ ,n:72;** *&ﬁ%:h10|20~302,n:72~
Note : *Significance : rops=0.232 ,n =72 ; **Markedly significance:ryy =

0.302,n=72.
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