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ABSTRAC1, 

The significance of Northern China in the budget of atmospheric trace 
gases is discussed briefly. Sites for the research work of the IGBP/IGAC 
Activity 7.2 and some results of preliminary measurements on N20 flux are 
also introduced • 

In China, 6 sites along 40°N have been identified as contributors to re-.t � 

search efforts described by IGBP/IGAC Activity 7.2. These sites are located ..... -
in forest, grassland, agriculture, arid and semi-arid and desert regions. On 
one of these sites, the Luancheng Comprehensive Experimental Station of 
Agricultural Ecology, the flux of N20 on a typical, winterwheat field was 
measured. Measurements were taken during the growing season of winter
wheat in both fertilized and unfertilized fields. Measurements were also taken 
in an alfalfa fields. It was shown that fertilization, irrigation and soil temper
ature were positively related to the emission of N20. The diurnal variability 
of fluxes. was measured. The fluxes in different treatments varied from 2-46 
µg N m -

2h-
1

• 

(Key words: Temperate region, China, Trace gases) 

1. INTRODUCTION 

Nitrous oxide is one of the most important long-living greenhouse gases, and, in ad
dition, is the primary source of oxides of nitrogen in the stratosphere, which, along with
chloroftuorocarbons, play a critical role in controlling the abundance and distribution of 
stratospheric ozone. The atmospheric concentration of nitrous oxide is about 310 ppbv with 
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a rate of increase of 0.2-0.3% per year (WMO, 1992). This represents an annual atmospheric 

growth rate of about 3 to 4.5 TgN. Since the total annual emission rate of nitrous oxide ap
pears to be in the range of 10-17.5 TgN, as deduced from the magnitude of its sinks, and its 
rate of accumulation in the atmosphere and the estimated annual sources are between 5.2 and 
16.1 TgN (Houghton et al., 1992), it seems that the emission rates of some of the identified 

sources have been underestimated or that there are some unidentified sources. It has been 
suggested that land-use change and agricultural development may stimulate N20 production 
in soils and account for some of the principal missing emissions (Bouwman, 1990). Addi
tionally, the agricultural areas of the mid-latitudes may be making significant contributions 
to the observed increases, or even to the unestimated part of the sources. 

2. EXPERIMENTAL SITES FOR TRACE GAS EXCHANGE STUDY IN NORTHERN 
CHINA 

Northern China, located around 40°N and between 75° and 135°E, includes a variety 
of temperate ecosystems. Having a long history of development lasting thousands of year, 

this region has undergone extensive land-use change and agricultural practices. However, 
extensive changes during the last century are evident. In the past fifty years, agricultural 
changes related to fertilization, irrigation and new crop varieties have contributed ot marked 

increases in grain production. All of these play an important role in the changes of sources 
and sinks of trace gases, especially CH4, N20 and C02. There is a need for basic emission 
data of trace gases, for studies on trace gas exchange in this region and for global budget 
and environmental impact research. However, in the vast area of Northern China, there have 
been very few research studies on N20 emission and very limited data are available (Su et 
al., 1989, 1990, 1992). 

The Chinese Academy of Sciences runs the Chinese Ecological Research Network 
consisting of more than fifty ecological stations covering imprtant natural, semi-natural and 
ecoton ecosystems all over the country. In this Network, six sites along 40°N have been 

identified as contributors to research efforts described by IGBP/IGAC Activity 7 .2: Trace 
Gas Exchange: Mid-l,atitude Terrestrial Ecosystems and Atmosphere. These sites are located 
in forest, grassland, agriculture, arid and semiarid, and desert regions as shown in Figure 1 
and Table 1. 

3. MEASUREMENT OF N20 FLUX ON A WINTERWHEAT FIELD-A PRIMARY 
FLUX STUDY AT MID-LATITUDE OF CHINA 

This work took a site on a winterwheat field as an experimental site for N20 flux 
measurement since winterwheat is a main crop in Northern. China. This site is located 
at the Luancheng Comprehensive Station of Agricultural Ecology, Institute of Agriculture 
Modernization, the Chinese Academy of Sciences (Shijiazhuang, Province Hebei, 37°54'N, 
114°42'E). 

Measurements were made on two kinds of winterwheat fields: unfertilized and fertilized 
with 120 kg N ha-1 year-1 , and also on two kinds of alfalfa fields: unfertilized and fertilized 

with 120 kg N ha-1 year-1 . In spring after winterwheat turned green, flux measurements 
were perf or1ned on the fields after being fertilized and irrigated, during the earing and mature 
stages of winterwheat, and they were compared with those in the alfalfa fields. 
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Table 1. Experimental sites for the trace gas exchange study in the mid-latitude 

region of China. 

No. 

4 

16 

17 

28 

45 

53 

Naine N 
Luancheng Comprehensive Station 37°54' 
of Agricultural Ecology 
Fukang Experimental Station of 44° l O' 
Desert Ecology 
Changbaishan Experimental Station 42°24' 
of Forest Ecosystem 
Inner Mongolia Experimental 43°36' 
Station of Grassland Ecosystem 
Linze Experimental Station 39°20' 
of Desert 
Beijing Forest Ecosystem 40°01' 
Experiemental Station 

Location 
E 

87°55' 

100°09' 

The sampling instrumentation consisted of a sealed box (1 mx 1 mx 1 m) placed on 
the fields. The walls and the top of the box were made of teflon film produced by the Du 

Pont Company. There was a sampling vent on the side of box. The gas sample was drawn 
into a sampling bag from a sampling box by a miniature air pump. The sampling bags were 
made of aluminium-plated film with a 1-litre volume. Meteorological and soil temperature 
data were recorded. In this paper, soil temperatures always refer to those at 10 cm below 
surface. The gas samples were analysed on an SP-3410 gas chromatography apparatus with 
on Ni63 

electron capture detector. 
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N20 flux (F) - N20 mass released from land into the atmosphere per unit area per unit 
time - is a synthetically macroscopical value consisting of many factors. It can be expressed 
by: 

(1) 

where m1 and m2 are N20 mass (µg) inside the box volume V (m3) at time t1 and t2 
respectively; A is the bottom area of the sampling box (m2

); 

(2) 

where d is the mass density of N20 (µg!m3); c1 and c2 are the volume mixing ratios of 
N20 at time t1 and t2 (ppb), respectively, thus: 

(3) 

where H(=V/A) is the height of the sampling box. 

After the winterwheat turned green, measurements were performed on different farming 

practices (fertilization, irrigation) and at different growth stages (earing, mature, harvest). 
The results of these investigations follow. 

In the unfertilization stage, the N20 fluxes of the winterwheat and alfalfa fields were 2 
and 3 µg N m-

2
hr-1 respectively, but those of fertilized fields were above 20 (winterwheat) 

and 22 (alfalfa) µg N m-
2

hr-1 , respectively. This means with more nitrogen sources in the 

soil, the N20 flux became higher, and on neighbouring fields with the same soil nature and 
under similar farming practices, the N20 fluxes of the winterwheat and alfalfa fields were 
close. This shows that biological-chemical processes play a dominant role in the production 
process of N20. 

Soil moisture has a certain influence upon N20 releases. Three days after the win

terwheat field was irrigated, flux became relatively high as shown in Figure 2, reaching a 
maximum of 46 µg N m-

2
hr-1 . 
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The Diurnal variations in flux of the winterwheat fertilized field during the mature stage 
are shown in Figure 5. The pattern here is similar to that during the earing stage. All of the 
flux values were below 14 µg N m-

2
hr-1 (27°C), which were lower than those of the earing 

stage. After harvest, the variation in flux was basically irregular. Fluxes were lower than 
or close to the values before harvest, though soil temperature after harvest was apparently 
higher than those temperatures during other growth stages of winterwheat. 

All of the above mentioned indicates that the N20 fluxes of the fields during different 
growth periods were different. According to Figure 6, beginning when the winterwheat 
turned green, the flux on the third day after fertilization was about 20 µg N m-

2
hr-1 , 

with an average soil temperature of 9.2°C; flux on the third day after irrigation reached 
the maximum of about 46 µg N m-

2
hr-1 ; flux of the unfertilized field reached 15 µg N 

m-
2

hr-1 too. This indicates an increase in soil moisture is advantageous to N20 release 
in biological-chemical processes. If there are sufficient nitrogen sources and suitable soil 
moisture, the rise in temperature· is also advantageous to the increase in flux. During the 
earing stage of winterwheat, the mean fluxes of fertilized and unfertilized fields were 17 and 
12 µg N m-

2
hr-1 respectively, with a mean soil temperature of 16°C. During the mature 

stage, the averaged value· of fluxes in the fertilized field was 8 µg N m-
2

hr-1 , though the 
mean soil temperature was 23.3°C. After harvest, although the mean soil temperature reached 
the high value of 24.3°C, the averaged flux value was only 6 µg N m-

2
hr-1 . 

All of these results show that the application of nitrogen fertilizer may be a primary 
factor in the increase in N20 flux on the basis of N20 release from bio-chemical processes. 
If soil moisture increases and soil temperature rises too, more N20 fluxes from soil moisture. 
During the growth processes of winterwheat, the N20 flux fell as the nitrogen content in 
the soil was consumed by plant growth.- Fluxes during the earing and mature stages tended 
to decrease though the doil temperature was considerably high. The reason that flux after 
harvest was very small may be that the nitrogen content in the soil was exhausted and then 
the N20 emission was basically a result of its natural releases from the soil . 
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Fig. 6. N20 fluxes in the different stages of winterwheat. 
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Bouwman (1989) and Mosier (1982) indicated that N20 was produced ·in the nitrifjca
tion and denitrification processes of the nitrogen-containing compound in the soil. Nitrate 
produces nitrous oxide by denitrification processes: 

This is an energy-absorbing reaction of the microbiological and chemical processes. 
The energy source is that released from the decomposition and oxidation of carbohydrate in 
soil. High moisture and temperature are advantageous to the activation of the denitrification 
process and the production of N20. Ammonia or ammonium can be converted into nitrate 
by the nitrification processes: 

but amine produced in the middle stage of the conversion process of NHt into N02 can be 
converted into N20 by microbiological and chemical denitrification processes: 

+ 02 02 
NH4 > NH20H >NOH > N02 

Ventilation, oxygen supply and heat dispersion of soil are conditions conducive to 
for the production of N20 through nitrification since the nitrification process is an energy
releasing process in which oxygen is involved. Compared with the denitrification process, 
the nitrification process is not a main reaction of the production of N20 in soil. 

Consequently, fertilization, irrigation or precipitation and soil temperature have some 
crucial influence on N20 flux. During the whole growth process of winterwheat, the differ
ences in N20 fluxes are very large, even larger than the order of one. Table 2 includes some 
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Table 2. N20 emission rates from some croplands. 

Fertilizer Mean Flux Annual 
Application Range Emission Range 

Crop Fertilizer (Kg N ha) (µg N m-2h- l) (Kg N ha- ly- 1 ) 
Winterwheat 03 210 19 23 1.7 - 2.0 Colburn, 

et al., 1984 
Com 03 132 25 33 2.2 - 2.9 Duxbury, 
Com Organic 130 27 43 2.4 - 3.8 et al., 1982 

Barley 03 56 25 2.2 Mosier 
�arley Organic 71 29 2.5 et al., 1982 

I 

B�ley 0 14 1.2 
\ 
\ 

I 

Badey NH4N03 70/140 10 64 0.9 - 5.6 Burford 
'\ etal., 1981 I \ ' 

' • 
' 

Alfalf� 0 26 48 2.3 - 4.2 Duxbury, 
\ et al., 1982 \ 

\ 

120 6 45 0.5 - 3.6 Su et al., 1990 

published data on N20 fluxes on different croplands. Apparently, soils nurturing these crops 
as well as farming practices, such as fertilization and irrigation, differ from each other very 
much, and consequently, it.is not easy to get a reliable and reasonable mean value of N20 
flux for climate and environment research. 

Therefore, it is necessary to deliberate thoroughly and to perform research work care
fully on such problems as: the methods and reasonableness of mean value calculations for 
N20 fluxes during different stages in the growth process of a crop; the synthetic compara
bility of various data obtained from different crops, lands and fanning practices; etc. It is 
suggested that future studies include the study of flux problems on typical land and crops; 
the accumulation of data; processing data by reliable mathematical statistical methods. It is 
also necessary to measure fluxes of other gaseous nitrogen compounds and to probe their 
production mechanisms' so as to provide more thorough scientific basis for environment and 
climate research. 

4. CONCLUSION 

(1) For the contribution to research efforts described by the IGBP/IGAC Activity 7.2, 
six sites in the Mid-Latitude Region (along 40°N, between 75° -135°E) of Northern 
China were identified. These\,sites are located in forest, grassland, agriculture, arid and 
semiarid, and desert regions and.�e used for comprehensive research in the atmospheric 
terrestrial exchange of trace gases;· eco-environmental change and impact. 

(2) N20 fluxes between soil and atmosphere on winterwheat and alfalfa farmland were 
measured at the Luancheng Comprehensive Station of Agricultural Ecology, located in 
a typical production region of winterwheat in Northern China. When winterwheat and 
alfalfa are grown in the same field, their fluxes are close to each other. 

(3) Fluxes in different growth stages of winterwheat are different from each other. fertil
ization, irrigation, soil temperature, etc. may be important control factors in the N20 
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produciton in soil. Fluxes exist in the range of 2-46 µg N m-
2

hr-1 for the whole 
growth process of winterwheat. 
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