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Abstract: Field experiments were carried out from June 2003 to May 2004. Three crops of maize, soybean and rice were
planted in summer season of 2003 followed by winter wheat. A static opaque chamber—GC technique was used to detect the
emissions of N,O and CO; in situ. Soil temperature, moisture and relevant crop parameters were measured. Results showed that there
was a significant difference in the annual N,O emissions from different rotation plots. Higher N,O emission was observed in the plot
of maize-wheat rotation with an annual amount of (18.540.7) kgN-ha'. Lower N,O emissions were found in the plots of rice—wheat
and soybean—wheat rotation with the annual amounts of (11.720.7) kgN-ha and (13.2+0.4) kgN-ha™, respectively. The
soybean-growing season did not receive any additional fertilizer in the soybean—wheat rotation. In the rice-wheat plot, no—plowing
practice before wheat sowing enhanced N,O emission significantly (P<0.001) in wheat—growing season from sowing to the winter as
compared with that from the plowing plot, while no significant increase was observed over the wheat-growing season. A further
investigation suggests that a stepwise regression function of y=a-W+b-T+c-L+d can be employed to quantify the influence of soil
moisture (W), temperature (T) and leave area index (L) on N,O emission. The y is expressed as In (FLUXy.0). The function did not
show significant correlation between y and L for the maize plot, and thus c=0. The y did not correlate with W and T for the soybean

plot, and thus a=0 and b=0. In the irrigated rice paddy, the y did not correlate with L. In addition, N,O emission was generally
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correlated to ecosystem respiratory rate for the plots of soybean, rice and wheat, while no significant correlation was found for the

maize plot.
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Table 1 Field experiments and treatments over 2003-2004 cropping rotation

AR (4K ZE 2003.6~2003.10)
Autumn harvest crops (June to Oct. 2003)

Y (EKZE 2003.11~2004.5)
Summer harvest crop (Nov. 2003 to May 2004)
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Crop Code Fertilizer (kg-ha™) Crop Code Fertilizer (kg-ha™) Plowing

K& S0 0 KN Sot 0 H#HF Plowing
Soybean Winter wheat SNt 200 FIHF Plowing
N MN 300 KN MOt 0 EIHF Plowing
Maize Winter wheat MNt 200 HFHF Plowing
IKFE RN KNG RNt 200 HIHF Plowing
Rice 300 Winter wheat RNn 200 Hu#F Non-plowing
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“Moisture-(S0-SOt/SNt)” in Fig.1-a: moisture of SO; mean moisture of SOt and SNt. “MN-MOt/MNt” in Fig.1-b: similar to Fig. 1-a. “S0/MN-S0t/SNt/M0t/MNt”

in Figl-d: mean temperature of SO/MN, mean temperature of SOt/SNt/MOt/MNt
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Fig. 1 Seasonal dynamics of N,O
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Table 2 Seasonal amount of N,O emission in different treatments (kgN-ha™)

FAEY (4K 2 2003.6~2003.10) SAVEY (4K ZE 2003.11~2004.5) AR

Autumn harvest crops (June to Oct. 2003) Summer harvest crops (Nov. 2003 to May 2004 ) Rotation period
1E4) R SR FRAfEIR 1E4) i~z M FrAfER SR FRAfER
Crop Code Average SE Crop Code Average SE Average SE
KE SO 6.4 0.1 KN S0t 4.0 0.1 10.4 0.1
Soybean Winter wheat SNt 6.8 0.4 13.2 0.4
E N MN 11.6 L1 KNFE Mot 42 0.1 15.8 1.1
Maize Winter wheat MNt 6.9 0.4 18.5 0.7
KA RN 4.8 0.3 KN RNt 6.9 0.4 11.7 0.7
Rice Winter wheat RNn 7.3 0.1 12.1 0.2
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Table 3  Partial correlation between N,O emission and soil temperature, moisture under different treatments

PGB + I E Soil temperature (C) + 3RS Soil moisture (WFPS %)
Treatments r P r P
SO 0.223 0.344 -0.035 0.883
MN 0.598 0.005 0.563 0.010
RN 0.587 0.005 - -
SOt 0.425 0.012 0.360 0.036
SNt 0.566 0.000 0.467 0.005
MOt 0.454 0.007 0.388 0.023
MNt 0.611 0.000 0.489 0.003
RNn 0.349 0.043 0.458 0.006
RNt 0.485 0.004 0.618 0.000
s, 8 r
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Fig. 2 Relationship between N,O emission and soil temperature in upland
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Table 4 Parameters in stepwise regression function of y against soil temperature, moisture and LAI

1A JiFEZ % Parameters for functions 4112 % Parameters for statistics

Crop types a b c d n R? F P
K& Soybean NS NS 0.072 2.242 21 0.552 25.63 <0.001
Tk Maize 0.013 0.058 NS 0.552 21 0.428 8.47 =0.003
7K Rice 0 0.057 NS 0.956 21 0.401 14.37 =0.001
/N3 Wheat 0.006 0.042 0.126 1.034 90 0.704 71.65 <0.0001

T E 7K, a iR 00 JER 7 RENIZ BRI T FEARE R P<0.05, NS FoR LS HOnS B i B 1 7532 45 ] 71 75 5 eoox BRI St (9 5% R AN {2 (P>0..05),
HARSHO A B M 15 2K P (P<0.05)

The value of a is zero as the rice paddy was flooded. The criterion that a certain factor is accepted in the stepwise regression is P<0.05, NS means the
corresponding factor of the parameter has no significant effect on the dependent variable in the stepwise function (P>0.05), and other corresponding factors of

the parameters are significant (P<0.05)
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Fig. 3 Relationship between N,O emission and ecosystem respiration
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AR B 2 R R A k0 AWFSIR R I, Rl
KE NZEPFEYIRAR B NLO HEl S R A ED 4
KARBLIIFERR LAL B VA G . IXFERBAT, sk |
NLO P4 HEBI AL AR R AN AN 22 5% 16 I R,
IR 2% eI VE ] o
3.3 EAREESRELKMFERS N0 HEAM

FKN CAEY), b B m T C3EH (Kl 3-a),
oK PR AE F A AR K — 4ok B T RERE ) 1 R0
W, 1 NoO PR 3= 2257 L3R 2= g 4a i), S Aiak
(R ZAN BN (R 4) o T KW R,

FEIR 73 FATTE FLIN 2 T N0 KR HERL, X LE 4%
PEIFAR R RS RGP I BRI 5, W R AERS
TGP EA PR T, SR A R AR HE R 48
DI I AN A W] BEIE A T 38 SR R N AR MEAROC (I
3-b) .

4 Zig
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4.4 K. KRG /NEH NO HlEEESREIFHR
TR BT E M IEAEOCOCR, 1M K AR
KR

References

[1]  Kroeze C, Mosier A, Bouwman L. Closing the global N,O budget: A
retrospective analysis 1500-1994. Global Biochemistry Cycles, 1999,
13(1): 1-8.

[2] Bouwman A F. Direct emissions of nitrous oxide from agricultural
soils. Nutrient Cycling in Agroecosytems, 1996, 46(1): 53-70.

[3] Smith W N, Grant B, Desjardins R L, Lemke R, Li C. Estimates of
the interannual variations of N,O emissions from agricultural soils in
Canada. Nutrient Cycling in Agroecosystems, 2004, 68(1): 37-45.

[4] Monson R K, Sackschewsky M R, Willians III G J. Field
measurements of photosynthesis, water-use efficiency, and growth in
Agropyron smithii (C3) and Bouteloua gracilis (C4) in the Colorado
shortgrass steppe. Oecologia, 1986, 68(3): 400-409.

[5] Hunt H W, Elliott E T, Detling J K, Morgan J A, Chen D X.
Response of a C3 and a C4 perennial grass to elevated CO, and
temperature under different water regimes. Global Change Biology,
1996, 2: 35-47.

[6]  Singh M, Kundu S, Biswas A K, Saha J K, Tripathi A K, Acharya C
L. Quantification of N, fixation and annual N benefit from N,
fixation in soybean accrued to the soil under soybean-wheat

continuous rotation. Journal of Plant Nutrition and Soil Science,



2060

do ok W A %

38 %

(7

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2004, 167(5): 577-583.

MroatE, 1 8, 5k 8L MP—KRA N,O I/ MEEHOE. 2
PO£8 9%, 2003, 23(5): 504-511.

Chen G X, Xu H, Zhang Y. Plant — a potential source of the
atmospheric N,O. Quaternary Sciences, 2003, 23(5): 504-511. (in
Chinese)

Zou J W, Huang Y, Jiang J Y, Zheng X H, Sass R L. A 3-year field
measurement of methane and nitrous oxide emissions from rice
paddies in China: Effects of water regime, crop residue and fertilizer
application, Global Biogeochemical Cycles, 2005, 19, GB2021,
doi:10.1029/2004GB002401.

Kaiser E A, Kohrs K, Kiicke M, Schnug E, Heinemeyer O, Munch J
C. Nitrous oxide release from arable soil: importance of N
fertilization, crops and temporary variation. Soil Biology and
Biochemistry, 1998, 30(12): 1 553-1563.

WO ARG A NSRBI, Jba: A RAL,
2003: 81-83.

Huang Y. Exchange of Carbon and Nitrogen Between Land and
Atmosphere:  from Experiment to Model. Beijing: China
Meteorological Press, 2003: 81-83. (in Chinese)

Wang Y S, Wang Y H. Quick measurement of CH,, CO, and N,O
emissions from a short-plant ecosystem. Advances in Atmospheric
Sciences, 2003, 20(5): 842-844.

g, MR, KA. FOKH NoO HEBUR IR M. 2R
BERIF AR, 1998, 18(4): 344-349.

Huang G H, Chen G X, Zhang Z M. N,O emission in maize field and
its mitigation. Acta Scientiae Circumstantia, 1998, 18(4): 344-349.
(in Chinese)

Ball B C, Scott A, Parker J P. Field N,O, CO, and CH,4 fluxes in
relation to tillage, compaction and soil quality in Scotland. Soil and
Tillage Research, 1999, 53(1): 29-39.

Arah J R M, Smith K A, Crichton I J, Li H S. Nitrous oxide
production and denitrification in Scottish arable soils. Journal of Soil
Science, 1991, 42(3): 351-367.

Zou J, Huang Y, Zong L, Zheng X, Wang Y. Carbon dioxide,
methane, and nitrous oxide emissions from a rice-wheat rotation as
affected by crop residue incorporation and temperature. Advances in
Atmospheric Sciences, 2004, 21(5): 691-698.

Miiller C. Plant affect the in situ N;O emissions of a temperate
grassland ecosystem. Journal of Plant Nutrition and Soil Science,
2003, 166: 771-773.

Aulakh M S, Khera T S, Doran J W, Bronson K F. Denitrification,
N,O and CO, fluxes in rice-wheat cropping system as affected by

crop residues, fertilizer N and legume green manure. Biology and

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Fertility of Soils, 2001, 34(6): 375-389.

Conen F, Dobbie K E, Smith K A. Predicting N,O emissions from
agricultural land through related soil parameters. Global Change
Biology, 2000, 6(4): 417-426.

o[, BRSEAE, B TORAEMRN K L 2 AR NLO HB 3
M. B AEAS AR, 1998, 9(3): 261-264.

Huang G H, Chen G X, Huang B. Effect of maize plant on N,O
emission from field. Chinese Journal of Applied Ecology, 1998, 9(3):
261-264. (in Chinese)

Smart D R, Bloom A J. Wheat leaves emit nitrous oxide during
nitrate assimilation. Proceedings of the National Academy of
Sciences of the United States of America, 2001, 98(14): 7 875-7 878.
Chang C, Janzen H H, Cho C M, Nakonechny E M. Nitrous oxide
emission through plants. Soil Science Society of America Journal,
1998, 62(1): 35-38.

Chen X, Boeckx P, Shen S, van Cleemput O. Emission of N,O from
rye grass (Lolium perenne L.). Biology and Fertility of Soils, 1999,
28(4): 393-396.

LR, B, L, SRR, BARIBINE R NN K™
AT AR . b E AR LA, 2001, 34(1): 1-4,

Tian J C, Chen J S, Wang Y X, Zhang Y X. Effects of
delayed-nitrogen application on grain yield and photosysthetic
characteristics in flag leaves of wheat cultivars. Scientia Agricultura
Sinica, 2001, 34(1): 1-4. (in Chinese)

BEALEE. PRFEA KNO; S KRG LWL AL PR~ 5 1
THUR A L. 3274, 2003, 40(3): 414-419.

Cai Z C. Effects of urea and KNO; on processes and products of
inorganic nitrogen transformation in paddy soils [ . Processes for
N,O production. Acta Pedologica Sinica, 2003, 40(3): 414-419. (in
Chinese)

Chikowo R, Mapfumo P, Nyamugafata P, Giller K E. Mineral N
dynamics, leaching and nitrous oxide losses under maize following
two-year improved fallows on a sandy loam soil in Zimbabwe. Plant
and Soil, 2004, 259(2): 315-330.

Rochette P, Angers D A, Bélanger G, Chantigny M H, Prévost D,
Lévesque G. Emissions of N,O from alfalfa and soybean crops in
eastern Canada. Soil Science of America Journal, 2004, 68(2):
493-506.

Franzluebbers K, Franzluebbers A J, Jawson M D. Environmental
controls on soil and whole-ecosystem respiration from a tallgrass

prairie. Soil Science of American Journal, 2002, 66(1): 254-262.

(GiEHE  ZFaiE)



