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Soil N,O emission and its agronomic efficiency under different tillage*
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Abstract Cultivated land soil is regarded as an important source of N,O emission that is affected by farming practices. To
determine effects of tillage and crop residues management on soil N,O emission and it’s agronomic efficiency on the North
China Plain, a field experiment was carried out, which contained 4 treatments with 3 replications. The 4 treatments were
conventional tillage with crop residues incorporation to soil (CT+) and without crop residues incorporation to soil (CT-),
no-tillage with crop residues mulching (NT+) and without crop residues mulching (NT-). During the field experimentation soil
N,O emissions at soil/atmosphere interface were sampled and analyzed by using static chamber-Gas Chromatography (GC)

method in continuous 3 wheat growth seasons; meanwhile, the primary related factors with N,O emission were also investigated
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and analyzed. The results showed that the dynamic changes of soil N,O emission during wheat growth were similar but the
cumulative N,O emissions were significantly different under 4 treatments and, the interactive effect between tillage and
crop residues management was significant. The cumulative N,O emission per unit area under CT+ and NT+ were higher
than those under CT— and NT- by 26.2% and 74.6%, respectively, and CT— treatment emitted 42.4% more N,O than NT—
treatment. The soil N,O emission was greatly influenced by soil temperature and soil moisture. The correlation analysis
indicated that there was a significant positive correlation between soil N,O emission and both soil temperature at 5 cm
depth soil and water filled pore space (WFPS), while there was a significantly negative relation between soil N,O emission
and dissolved organic nitrogen (DON). When assessing soil N,O emission in relation to crop productivity expressed as
above-ground N uptake (i.e. yield-scaled and nitrogen input-scaled N,O emission), the soil N,O emissions per kilogram
grain yield were 0.18-0.73 g N,O-N and per kilogram nitrogen input were 5.1-18.0 g N,O-N. Although grain yield and
nitrogen productivity were not significantly different among treatments, the N,O emissions in relation to crop productivity
were still significantly different among treatments, similar to the N,O emission per unit area that were also greater under
CT+ and NT+ than under CT— and NT-. In conclusion, no-till practice is help to reduce N,O emissions from arable land
soil in the North China Plain.

Keywords Soil; N,O emissions; Tillage; Crop residues management; Agronomic efficiency

N,O , 5
Cco, 298 W N,O N,O ,
[11-12]
( NZO )9 5
N,O (21 Munkholm-Lars N,O , N,O ,
[3] , N,O
N,O Ball ¥
5 NZO
N N20 NZO s
> NZO N20 ,
) s NZO
N,O 5] N,O
[61 s NZO )
s N,O R
N,O Almaraz '
[7] , , 17%,
s R N,O 35%, )
. NZO NZO s
S s Venterea 1 s
B NZO 5
N,O (8] ] R N,O
N,O , s
[15]
NZO (10l 5 NZO 5
5 NZO 5
N,O N,O

http://www.ecoagri.ac.cn



11

N,O 1351

NZO 5
Nzo 5 NZO
1 MRERZE
1.1
(
116°36/, 36°57")
, 13.1 C,
583 mm, 7—9
) 0~20 cm
12.2 gkg™, 0.8 gkg,
2.06 g-kg ™', 229 gkg™!, pH 8.4
1.2
2008 10
(CT+) (CT-)
(NT+) (NT-)4
, , 3
2.5 mx2.5 m,
12 cm 60 cm ) 1.2 mx
1.2m
10 cm CT+
NT+
CT- NT-
10 ,
6 b b
20 cm; (N: 195 kg-hm™;
P,0s: 45 kg-hm?; K,0: 60 kg-hm™?), 3~5cm
6 (6.67><10* -hm™), 10
, 115kghm™ 240 kg-hm™

1.3
2010—2011 2012—2013
2013—2014 3 ,
1.3.1
_ [16]
, 1
5 cm 20 min,
Omin S5 min 10 min 15 min 20 mL
(11
) ; (6 ) ;
(12 3 ) 1,
L,
9:00 , 11:00
17 12 h
4890 N,O ,
N,O (ECD) (
)
F=M[VyxP|RxT,[TxHxdc [d, (1)
. F [N,O
pg(N;O-N)ym>h™']; M (g'mol™);
Vo To Py ( 273 K,
101.3 kPa) (22.4 L'mol™)
(K) (kPa); P T H
(kPa) (K) (m);
dc/d, ,
N,O
M =Z{¥X(’m —ti)}x24+100 2)
M F Nzo N2O
, kg(N,O-N)-hm™? pg(N,0-N)'m >h™";
i ot , d
1.3.2
0~20 cm

http://www.ecoagri.ac.cn



1352 2015 23
(DON) = (Univariate),
(TDN)- (NO3-N)— (Bivariate);
(NH3-N); , Sigmaplot 10.0
1:5 18] -
2 HRE5SH
2.1
0~20 cm , 1 , 2010—2011
2012—2013 2013—2014
1.3.3 64.5 mm 132.2 mm
, 101.2 mm, 8.3 mm
0.2 mx0.2 m , 8§1.2mm  29.4 mm,
, 56.2 mm 51.0 mm 71.8 mm;
17d 21d 124, 0.2~23.5 mm
= x + % 0.9~162 mm 1.6~33.9 mm 3
(PFPy)= ( 2, -8.13~26.2 C
(kg-hm™)/ [kg(N)-hm™] -12.2~272 C -6.0~29.4 C ,
1.3.4 (WFPS) 777 C 745 C 8.09 C
WFPS = iigﬁ7ki(w/w)xii§§ﬁ/ ) 2.2 N,O
(1- LHEA H/2.65)x100% 3 N0
: WFPS C ) %; « 3
g-em™; 2.65 , g-em™ ’ N0 ’
N,O
1.3.5 N,O
1 , N,O ,
N,O [g(N,O-N)kg ' ]= N,O o
o ) , 97.23~224.77 pg(N,O-N)-m ~-h
[kg(N,O-N)-hm -]/ (t-hm™)
4) - N,O
NO  [ENONMe N o o
N,O [kg(N,O-N)-hm 2}/ ) 15.37~34.15pg(N,O-N)'m ~-h
[kg(N)-hm2]x1 000 (5) N,O CT+ NT+ CT-
N,O (FIEFy)(%)=N,0 (P>0.05), NT-  (P<0.05),
[kg(N,O-N)hm >}/ [kg(N)-hm2]x 85.72% 79.76%  49.82% ,
100%!"1 (6) N0 ;
14 , N,O
SPSS 16.0 ,
40 1r 1140 =
— 8 e H KR 1l b c ] é
g Daily precipitation ] ] 120 =
E30r — Zplbpki - T100 2
EHE Cumulative precipitation 150 ﬁg
% E 20f 1™ 835
23 100 &
& 1 140 2
& 10} I ] 2
= 1 J2o  E
3 | l ! | l ||| BL E
l ] | 12 °
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120 160 200 -

&R K EL Days after seeding (d)

1
Fig. 1

2010—2011 £ E (a). 2012—2013 £ (b)FA 2013—2014 FE ()R X /NEEKEEKE
Precipitation during wheat growing seasons in 2010-2011 (a), 2012-2013 (b) and 2013-2014 (c) in the experimental site

http://www.ecoagri.ac.cn



1 : N,O 1353

H #5500
Air temperature ('C)

S
—
T

L L 1 L ' N N

oo S S R
0 40 80 120 160 200 0 40 80 120 160 200 0 40 80 120
$&FE K%L Days after seeding (d)

160 200

2 20102011 £ E (a). 2012—2013 £ (b)F 20132014 EF(RBRXNEERKTAYRE
Fig. 2 Daily mean temperature during wheat growing seasons in 2010-2011 (a), 2012-2013 (b) and 2013-2014 (c) in the experimental site
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different treatments
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represent conventional tillage and no-tillage without crop residues retention, CT+ and NT+ are conventional tillage and no-tillage with crop
residues retention, respectively. , , and represent wheat growth periods of seedling, over-wintering, re-greening to jointing,

earing to grouting, and grain-filling to mature. Downward-pointing arrows indicate dates of fertilization and irrigation. The same below.
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Table 1  Soil cumulative’I:I;C\) emisfons during wheat growing CT- (P>0.05), 3 NT-
seasons in different years under different treatments CT- 1.59% 0.29% 5.72%
kg(N,O-N)-hm™ )
Year ' ’
Treatment 50102011 20122013 20132014 Average 2012—2013 ’ 2013—2014
CT+ 3.55£0.09a  2.67+0.09b  5.39£0.07a  3.90a CT- NT- CT+
NT+ 2.85+0.02b 3.29+0.10a 5.25+0.37ab 3.79a (P>0.05), NT+ 3 ,
CT- 2.92+0.07b 2.56+0.07¢ 3.78+0.09b 3.09b
NT- 2.03+0.05¢ 1.67+0.08d 2.60+0.10c 2.17¢ ,
5% , ’

Values in the same column with different letters are significantly ’

different (P < 0.05). The same below. ; (2

*2 AREEFRHIEREE T/ NEFH 2. i EHRREEMNEEKEE> T
Table 2  Grain yield, total shoot N uptake and partial factor productivity from applied N (PFPy) of winter wheat in different

years under different treatments

Year Treatment Grain yield (thm™) Shoot N uptake [kg(N)-hm™] PFPy (kg'kg™)
2010—2011 CT+ 10.78+1.30a 251.25+25.18a 34.53+4.17a
CT- 10.05+0.83a 268.14+23.09a 32.1942.67a
NT- 9.89+1.21a 258.67+30.21a 31.66+3.87a
NT+ 9.66+0.32a 227.43+8.46a 30.93+1.03a
2012—2013 CT+ 7.53+0.13a 226.56+3.33a 24.10+0.40a
CT- 6.95+0.08b 235.09+4.61a 22.24+0.26b
NT- 6.93£0.35b 229.83+6.51a 22.20+1.11b
NT+ 6.45+0.29b 179.00+11.17b 20.66+0.93b
2013—2014 CT+ 8.05+0.27a 194.90+6.02ab 22.92+0.87a
CT- 7.47+£0.27bc 201.61+6.26a 23.91+0.87bc
NT- 7.04+0.13¢ 184.87+4.67bc 25.79+0.42¢
NT+ 7.64+0.21ab 175.57+9.99¢ 24.46+0.69ab
CT+ 8.79a 224.24a 28.14a
Average CT- 8.15a 234.95a 26.12a
NT- 8.12a 224.32a 25.99a
NT+ 7.92a 194.00a 25.35a
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(PFPy) 3  CT+ N,O CT-,
26.66~37.92 kg'kg™ 2013—2014 ; NT+
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Table 3 N,O emissions per unit grain yield and shoot N uptake and nitrogen fertilizer-induced emissions factor (FIEFy) of winter
wheat in different years under different treatments

N0 N0
2010—2011 CT+ 0.33+0.04a 14.28+1.45a 1.1440.03a
CT- 0.29+0.02a 10.59+0.67b 0.93+0.02b
NT+ 0.29+0.01a 12.52£0.38ab 0.91+0.01b
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CT+ 0.37+0.01b 12.2040.05b 0.88+0.03b
CT- 0.3740.01b 10.89+0.45¢ 0.82+0.02¢
NT- 0.24+0.01¢ 7.2840.20d 0.54+0.03d
2013—2014 NT+ 0.69+0.03a 29.86+0.66a 1.68+0.12ab
CT+ 0.67+0.03a 27.69+1.14b 1.73+0.02a
CT- 0.51+0.03b 18.80+0.96¢ 1.21+0.03b
NT- 0.37+0.02¢ 14.070.53d 0.83+0.03¢
NT+ 0.50a 20.27a 121a
Average CT+ 0.46ab 18.06ab 1.25a
CT- 0.39ab 13.54ab 0.99b
NT- 0.28b 10.11b 0.69¢
CT- NT- CT+ NT+ i ,
1 kg N,O 3 3 N,O
NT- N,O (P<0.05)
3 (P<0.05), CT- N,O (FIEFy)
24.93% 33.15%  25.16%; CT+ NT+ 3 NT- 3
CT- N,O (P<0.05), , FIEFy
(P<0.05), 3 34.84% ,
18.22% 12.03%  69.15% 47.29%  58.83% 3 3 30.3%): ,
5 > FIEFy S 3
N,O 75.4%
; 2012—2013 2013—2014
, 3 SR
N,O 3 s N,O
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