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Spatial and temporal variation of nitrous oxide concentrations in

soil profiles of Manural Loessial Soil
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Abstract : Nitrous oxide (N,O) is one of the important greenhouse gases. Although it contributes only 5%
global warming potential, great attention has been given to it due to its depletion of ozone layer of
stratosphere. It is estimated that soil contributes to 70% of anthropogenic N,O sources. Nitrification and
denitrifcation dominated by soil microorganisms are two main sources for emission of soil N,O. Therefore,
all soil physical, chemical and biological properties affecting microbial activities will influence N,O
concentration in the soil. The uneven distribution of the soil nitrogen, carbon and oxygen in the soil will

definitely increase the temporal and spatial variation of its concentration. Study of the temporal and spatial
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N.O concentration variations in different soil layers does not only help understand the N,O sources, sinks
and production mechanism, but also knows the significance on N losses.

A field experiment was carried out on the Manural Loessial soil for about two years to determine the
spatial and temporal variations of N,O concentrations in different soil layers using soil probes techniques.
A great temporal variattion was found during a year. The highest N,O concentration took place in the July
and August when both the temperature and soil moisture were high. Since then the N,O concentration in
soil profile decreased until reaching its lowest point in the winter. A N,O peak appeared after irrigation or
rainning. For spatial variation, the highest N,O concentration occured in 60 cm soil layer while the lowest
in 10 cm soil layer. N,;O concentrations in soil profiles decreased in the order: 60 ¢cm>>90cm>150cm >
30cm>10cm soil layer. The two years’ results were striking: N,O concentrations in the soil profile were
higher in 1999 than those in the 2000 due to difference in rainfall and irrigation amount. Coefficients of
variation for the two yeras were 7. 14 % ~29. 4 %for the control plot and 10. 81% ~50. 9% for fertilized
plot, respectively. Of these, the variations in 1999 were 20.2%~ 29.4% and 32.11%~ 50.9% for
control treatment and fertilized treatment, while those were 10. 8% ~25.9% and 7.1% ~18. 4 %in 2000,
respectively. Obviously, the variations were higher in 1999 than in 2000; higher in the fertilized plot than
control plot; and lower in the top soil than in the deep soil in soil profiles. Both the control and fertilized
plot had the same temporal and spatial variations trends. However, the N,O concentrations in each soil
layer for each sampling were higher in fertilized plot than in the control plot. The experiment revealed that
there existed N,O emission in manural loessial soil from denitrification, which had large temporal and
spatial variations. application nitrogen fertilizer had definitely increased nitrous oxide concentration in the
soil profiles. In addition, N,O production in deep soil layers was an important nitrous oxide sources for the
tested soil.
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Table 1 Soil physical and chemical properties

NOs-N (%) Particle sizes
Soil depth  Soil porosity  Bulk density »
Cem) %) (gecm b TETKED =0 02mm 0.02~0.002mm <0.002mm oIl texture
0~20 >24 1.2 3.97 27.5 49. 0 23.5
20~40 >19 1.46 0. 31 24.3 49.5 26.2
40~60 =>20 1.48 0.42 30.0 45.5 24. 6
60~80 <18 1. 50 0.42 26.7 47.5 25.9
80~100 <18 1.37 0. 85 25.3 39.4 35.3
100~120 <18 1.44 0.7 26.3 38.7 35.0
120~140 =>20 1. 45 0.77 32.0 38.0 30.0
140~160 =24 1.31 0.12 31.6 43.2 25.2
160~180 >24 1.37 0.25 32.7 46. 2 21.1
180~200 =>24 1.37 0. 08 37.1 42.1 20.7
1.2
N.O ( ) ( ) .
s . ( )
2 s 1999 3 2000 12 o s 1999
3 6 ) N 240 kg « hm™%; 7 9 N 180 kg « hm %,P,0 90
kg « hm 7, 10 N 240 kg * hm %, P,O, 90 kg * hm %2000 .
1999 , s o s
o 1999 3 s B 322m?* s . N,O
N 3. (Soil probe) ; 24 cm, 6 mm 8 mm
s PTFE . 2m, 1.1m 1.7m .
O . 10,30,60,90 150 cm 5 ( ) .
s s o 0.4
mm . s s ; ,
. o 2 1 (2000 ) 2 ml (CODAN
APS) , .
1.3
2ml s s o
Varian GC3800 s SN (ECD), Porapak
R80/100, N,O ( 2 min 2. 8 min ). R
350C.80C 120C; s 10 ml » min~',
9.6ml L "N,O, 99.999 % 3

328.2nl - L7! o N.O 5%
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Table 2 The spatial variation of N,O on the loess soil (1999~2000)
1999 (n=23) 2000 (n=14)
Soil depth Control plot Fertilized Control plot Fertilized
(em) Concen. C. V. Concen. C. V. Concen. C. V. Concen. C. V.
(nl « L7H (%) (nl « L5 CZD) (nl « L™ %) (nl « LD (%)
10 439.6 (d) 22.52 506. 1 (d) 32.11 398.9 15.56 474.3 17.29
30 504.9 (c) 20. 26 724.6 (¢) 45. 81 451. 8 18.43 600. 9 14.83
60 649.6 (a) 23. 86 1094. 6 (a) 50. 90 558.9 7.14 910.0 25. 89
90 603 (ab) 29.40 947. 4 (ab) 45.72 529.3 12.01 777.7 18.09
150 595.5 (b) 24.04 911.1 (b 32.15 496. 3 16. 07 654. 4 10. 81
P<0.05, LSD
1999 N,O s , LSD 3
2000 N.O s s °
, R , 10cm 30 cm N,O ;60 cm 90 cm
. N,O 10cm<<30cm<<150cm<C90cm<60cm ,
s o s N.O
s o , 60~120 cm s s
(<18%) ; s
N,O ; 3
N.O s 3
10cm N,O k N,O ;
o ,1999 2000
2.2 N,O
1 N.O ( 3 ),
2 o
la 1b s N,O ,1999 2000
320~996 nl « L°'  312~648 nl « L' 3 N,O , 1999 313~2467 nl »
L~',2000 332~1309 nl « L', N.O s 1999  (2467.3
nl-L°D 2.5 32000 (1309nl-L°H 2 s
N.O N.O s N.O
NO O N.O )
N.O °
1 2 s N,O 6~9

. N.O Ll 1999 2000 ;
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Fig. 1 Temporal variation of N,O concentration in soil profile of the manural loessial soil
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