ADVANCES IN ATMOSPHERIC SCIENCES, VOL. 20, NO. 1, 2003, PP. 119-127

119

An Investigation on the Relationship Between Emission/Uptake of
Greenhouse Gases and Environmental Factors
in Semiarid Grassland

WANG Yuesi*! (EI%/8), HU Yugiong' (#1£87), JI Baoming? (4lH1),
LIU Guangren! (XI12), and XUE Min! (8 )
1State Key Luboratory of Atmospheric Boundary Loyer Physics and Atmospheric Chemastry,

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beifing 100029

2 nstitute of Botany, Chinese Academy of Sciences, Beijing 100093

{Received April, 3, 2002; revised November 26, 2002)

ABSTRACT

Measurements of greenhouse gases CQ2, CHa, and NoO were made by static chamber-gas chromato-
graph in Iuner Mongolia. Results indicate that with growing seasons, the daily variation patterns of
emission/uptake of greenhouse gases differ greatly in the prairie ecosystem. The peak of seasonal emis-
sion/uplake of three greenhouse gases occurs at the melting period in spring when soil moisture is high
and rainfall is rich, The daily emissions of CO, from steppe vegetation in growing seasons are low during
the dayLime and high at night. Higher temperatures are advantageous to emission of COz, as aboveground
biomass determines the amount of CO2 photosynthetic uptake. The key factors that influence the daily
variation patterns of CHy uptake and NyO emission in semiarid grassland are soil moisture and the oxygen
supplying condition, while the changes in daily temperature mainly affect the range of daily variations.
The seasonal changes of N2O emission are positively related to seasonal change in soil moisture. Free
grazing reduces the daily mean deviation of exchange rates of COz, N3O, and CHy, but it decreases the
amount of annual emission/uptake of N3O and CH4 yet it increases the annual emission of COq.
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1. Introduction

The area of temperate steppe in China is about
2.3 108 km?, covering about 24% of the nation's
land, consisting mostly of semiarid and arid grasslands
(Chen, 1988). Owing to influences of natural and an-
thropogenic factors, such as overgrazing and cultivat-
ing as well as global warming and soil drought in North
China etc., the temperate semiarid grassland of Inner
Mongolia has become more heavily degraded day by
day, which has an impact on source and sink of green-
house gases, and exerts direct influence on the bal-
ance of greenhouse gases in the atmosphere. Many in-
vestigators indicate thal using organic fertilizers can
enhance Cly emission in rice paddies, whereas the
amount of CHy emission in flood paddies changes with
soil temperature variations; the use of nitrogen fer-
tilizers can cause an increase in N3O emission from
cropland ecosystems, the rates of NoQ emission in dry
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farmland increase with the rise of soil moisture and
temperature (Du et al.,, 1997; Huang et al., 1998).
Ag early as the “8th Five-Year Plan” period there
were preliminary experimental measurements of green-
house gases, N2O and CHy emission in some regions
of Inner Mongolian grassland (Jia, 1999, Li and Lin,
2000). During the “Oth Five-Year Plan”, Li Daren,
Wang Yanfen, and Wang Gengchen obgerved and stud-
ied tentatively the N3O emission in Inner Mongolian
grassland (Li and Lin, 2000, Martin and Ralf, 1995,
Mosier et al., 1991). In the “10th Five-Year Plan”,
such work is still going on (Wang et al., 1996; Wang
et al., 1997a; Wang et al., 1997b; Wang et al., 1997¢).
However, research on the source and sink of greenhouse
gases in semiarid grassland of China is not enough.
There is still no systematic research on greenhouse
gases emission from China’s semiarid grassland and
their relation with environmental factors such as soil
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moisture and lemperature etc.

2. Measured regions, experimental methods,
and data corrections

2.1 Background of measured sites

The experimental site is located in the vicinity of
the Inner Mongolian Grassland Ecosystem Research
Station (IMGERS), in the Xilin River Basin {abbre-
viated below as “station”). The grassland has been
well preserved at this site, and it is very represcn-
tative of China’s temperate grassland and the whole
Furasian continental grassland in the respects of eli-
mate, vegelation, animals, and soils, etc. In the area
of the experiment, it is & temperate terrestrial mon-
soon climate. Tour seasons are clearly demarcated
with a cold and long winter, and the frost-free period is
short. The annual average temperaturc is about 1°C,
with greater annual mean deviations and daily mean
deviations, and sunshine is sufficient. Precipitation
is concentrated in June-August, and annual variation
is very large. To invesiigate patterns of greenhouse
gas emission and its relation with environmental fac-
tors, this article surveys the following three sampling
plots: ungrazed leymus chinense grassland, freely-
grazed leymus chinense grassland, and stipa grandis
grassland. Among these, the leymus chinense grass-
land and stipa grandis grassland have been fenced live-
stock since 1983, and have reached the appearances of
original grassland.

2.2 Experimental methods and deta collection

Compared with cropland that belongs to tem-
perate semiarid grassland, the fluxes of greenhouse
gases exchange between grassland and atmosphere
are too small. Therefore, it is hard to use micro-
metcorological methods to get an accurate result, but
it is advantageous to observe with a chamber method,
for the biomass under ground is much more than that
aboveground, and carbon and nitrogen take a compar-
atively long {ime cycling in the grass ecosystem.

N2Q, COj, and CH4 fluxes were measured with
a stalic chamber-gas chromatograph. Chambers were
made of acrylic material and stainless steel. Five types
of chambers were used in different grasslands, listed as,
biggest: LengthxWidthxHeight = 90 cinx 90 cmx35 cmy;
middle-1: 635 cmx 85 emx 70 em;
wmiddle-2: 40 cm x40 em %35 cm;
small-1; 20 emx 20 cmx 25 em;
small-2: diameterxheight=20 cm %25 cm.

By improving the gas chromatography sampling
system, the analyses and measurements on the three
kinds of greenhouse gases can be completed with a sin-
gle injection. The experimental methods are described
in detail by Wang et al.(2001).

During 1998 2000, measurements were made con-
tinmously, once or twice a week, on ungrazed ley-
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mus chinense grassland, freely-grazed leymus chinense
grassland, and stipa grandis grassland. Six sampling
sites were set up in the same region with three sam-
pling chambers to collect samples alternatively in two
series, and the average results of measurements were
taken in order to reduce the disturbances on sampling
site and to decrease the experimenial errors result-
ing from spatial variations of emission /uptake, At
the same time, daily variations of 24-hour continuous
{once every 2 hours) measurements were acquired in
ungrazed leymus chinense grassland, freely-grazed ley-
mus chinense grassland, and stipa grandis grassland
mentioned above, once (out of growing scason) or twice
(in growing season) monthly. Because of the relatively
fixed daily variation patterns, the adjusting coefficient
of greenhouse gas emission/uptake at cach measured
time and daily average value can be calculated. So the
average flux on a measured day can be caleulated more
accurately by the result of a single measurement at any
time onc day {for example once a week), and the range
of daily variations can also be corrocted by the values
of ftuxes obtained fromn a ineasurement made once a
week. The data adopted in this research are based on
the mean results of each hour, cach day, every 10 days
and every month measured at the same {or similar)
time in two years from April 1998 to April 2000.

3. Results and Discussions

3.1 Relationship between daily variations of
greenhouse gases emission/uptake from
grassland and environmental factors

3.1.1 Daily veriations of COz emission

Vegetation absorbs COj through photosynthesis,
while soils and plants emit COq by respiration. The
daily variation patterns of CO; emission in ungrazed
leymus chincnse grassland and freely-grazed leymus
chinense grassland of Inner Mongolia are basically the
same (I'ig. 1). During the daytime, they are even
sometimes a sink of atmospheric COgz, and sometimes
a source, vt the daily emission is much more than
the uptake, which net results in the releasing of CO»
into the atmosphere. When the weather is fine, all the
peak values of COy emissions occur at night, but at
daybreak the values of emission fluxes decline rapidly
to 0, then increase again slowly. In the four growing
stages (Lefore germinating, flowering, seeding, matur-
ing) of grassland plants, all the minimumn values of
emnission appear at 6-7 o’clock in the morning, while
the uptake due to photosynthesis approaches a dy-
namic equilibrium. However, during this time, the soil
temperature is the lowest, whereas plant and soil res-
piration are weaker, hence the least emission of COs,
which causes & minimum value of daily emission fluxes
in the early morning. In contrast, the maximum value
of CO-; emission oceurs at 20-21 o’clock in the evening
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after it is dark. and the photosynthetic uptake of CO3
stops completely at this time. Furthermore, while the
soil temperature remains at a higher level, the plant
and soil respiration are strong, so the highest value of
(0, cmission oecurs in the daily variations during this
period.

To more clearly analyze the relationship between
the grassland CO; daily variations and radiation and
soil temperature, Fig. la is remade into a daytime
interval and a nighttime interval in Fig. 2, and com-
parcd with net radiation and soil daily temperature
variations. [t can be seen from Fig. 2 that the time
interval of low Oy emission during the day coincides
better with the interval when net radiation is greater
than 0, but the emission fluxes have no sigunificant lin-
ear correlation with net radiation intensity. That 1s to
say, when the net radiation reaches a definite value, the
photosynthetic uptake of COz by the grassland plants
is saturated; it doesn’l change whether solar radiation
is continuing to rise. To more precisely analyze Fig.
1 and Fig, 2, COy cmission fluxes are practically di-
vided into a daytime interval and a night interval, and
they are positively associated with daily variations,
In the daytime, along with the rige of goil tempera-
ture, the emission fluxes of COy also increase slowly
at lower rates: at night, the CO2 emission amount de-
clines gradually with the drop in temperature, bui the
dropping rate is bigger.
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Fig. 1. Daily variations of COz emission in ley-
mus rhinense grassland, (a) ungrazed, {b) frecly-
grazod, A: Before germinating, B: Howering, C:

seeding, D: maturing.
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3.1.2 Daily variations of NoO emission

The NoQ emitted from semiarid grassland of In-
ner Mongolia is driven by heterotrophic nitrification.
Because the nitrifying activity and intensity of het-
erotrophic nitrification are far lower than those of au-
totrophic nitrification, the mean daily deviation of
NoQ emission of grassland terresirial ecosystems is
slightly small, and the variations are complicated.
Nevertheless in flourishing growing stages of grassland,
capecially at the Bowering stage, the NoO daily emis-
sion variations are still very obvious. It can be seen
from Fig. 3 and Fig. 4 that in the case of relatively
greater soil moisture {>>15%) and better porosity, the
peak of NoO emission fluxes appears at midday, but
at night when the soil temperature has dropped, a low
value of emission occurs. This is probably because ni-
trification produces N2O that is positively correlated
with soil temperature, and which also makes daily
variations of emission fluxes positively associated with
soil daily temperature variations. As shown in Fig.
3b, ¢ and Fig. 4b, the soil daily average moisture val-
nes arc 15%, 20.3%, and 14.5% respectively; all their
daily variations of emission fluxes and daily tempera-
ture variations have a better positive linear ¢orrelation.
The results of measurements are roughly the same as
the daily variations palterns measured by research on
N20 emission in dry farmland of East China (Zheng
et al., 1997, Wang et al., 2000}. Figure 4c is contrary
to the regularity mentioned above: the soil average
moisture is 19.9%, and there is an inverse correlation
between NoO daily variations and daily temperature
variations. This is possibly because it is easy to pro-
duce anaerobic-micro zones in the seasons of spring
melting which have more concentrated rainfall when
the soil moisture is higher, especially in grazed grass-
land where the waler-preserving capacity of surface
soil is lower. At this time, N;O emission from grass-
land mainly siems from denitrification. In the process
of anaerobic denitrification, the ratio between emitted
N20 and nitrogen (NpO/Ng) shows an inverse corre-
lation with temperature. Namely, the higher the tem-
perature, the more the Ny produced in the process of
denitrification, and the less the NoO produced, there-
fore there is also an inverse correlation between daily
N20 emission variations and daily temperature varia-
tions. As shown in Figs. 4c and 3a, the peak values
of N3O emission occurring at night may be caused by
denitrification. When the nitrification and denitrifi-
cation processes coexist, the daily variations of NoO
emission are even more complicated. Both the sub-
sidiary peak of N3O emission appearing by 6 o’clock
in Fig. 4c and the peak value in Fig. 4a, manifest a
pusitive correlation between NzO produced in nitrifi-
cation and daily temperature, except that grazing has
greally changed the surface soil and surface biomass
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Fig. 3. Daily variations of N2O fluxes at different growth stages in ungrazed leymus chinense grassland,
(a) Before germinating, (b) flowering, (c} seeding, (d) maturing.
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in the grassland, which makes a transition of peak
value. In the post-maturing stege, grassland vegeta-
tion begins to wither and fall, or rot, while the temper-
ature drops, the rainfall deercases, and N2O emission
flux variations are not as large as compared with other
seasons, so daily variations are obviously insignificant.

In summary, the key factors that affect the daily
variation pattern of NoO emission in semiarid grass-
land are soil water content and physical propertics of
the surface soil, and the daily temperalure variations
exert influences mainly on the intensities of the various
patterns mentioned abave,

3.1.4 Daily variations of CHy uplake in grassiend

The daily variation patterns of CHy uptake in
grassland are dominantly influenced by svil water
contenl, soil porosity (mainly affecting the oxygen-
transferring capacity), and temperature and plant
growth. It can be seen from Fig. 5 and Fig. 6 that
whew the soil is tich in poresity (ungrazed grassland)
and water content ranges from 15% to 20%, grazing
considerably reduces the daily mean deviation of CHy
uplake in grassland. As shown in Fig. be and Fig. 6b,
the daily average water contents of the svil are 15% and
19.9% respectively, indicating that at the seeding stage
of the ungrazed grassland and at the flowering stage of
grazed grassland, the daily variation patterns of CHy
uptake in the ecosystem of grassland are positively re-
lated to daily Lemperature variations. Bul there are
lwo exceptions, Fig. 6c, i.e., at the seeding stage of the
grazed grassland, owing to greater soil moisture {daily
average is 20.3%), the anaerobic-microzone trampled
by cows and shcep not only greatly decreases in ca-
pacity for soil CH; uptake, but also can produce CHy
(after rain. CH, emission is Irequently observed). Un-
der anaerobic conditions, the production and release of
CH, are positively related to soil temperature {Chen
et al., 1990; Du et al., 1997; Zheng et al., 1999).

3.2 Relation between seasonal variations of
emission/uptake of grassland greenhouse-
gases and environmental foctors

3.2.1 Scasonal variations of CHy

In Fig. 7a. the major effect of Inner Mongolian
semiarid grassland on atmospheric CHy is uptake. The
seasonal variation patterns of CHy uptake in the three
kinds of grasslands are almost the same. The peak
value of CHy uptske appears in the grazed grassland
gencrally about 10 days either earlier or later than
that in the ungrazed grassland. This is possibly due
to the influence of variations of soil water retentive ca-
pacity on variations of soil moisture, so as to affect
the process of variations of soil CHy uptake. In addi-
tion to spring melting, the increase in grassland soil
water is mainly caused by precipitation; when mois-
ture reaches the optimum for CHy uptake, the peak
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value of uptake oceurs. In general, the water content
ranging from 15% 20% is the optimum moisture for
soil CHy uptake, for at this time the oxidizing bacte-
ria of CH, in the soil are most active (Mosier, et al,
1991); bui the soil water content ranging from 28%
to 35% may weaken the oxidation of CH4. Obviously,
precipitation makes the soil of grazed grassland first
reach the optimum range of mnoisture for CHy uptake,
because the water retentive capacity there is low, and
this may be the reason why the peak value of sca-
sonal variations of CH,4 in the atmosphere occurs in
grazed grassland earlier than in ungrazed grassland.
The reason that the peak appears in the grazed grass-
land by the 240th-260th day, later than in ungrazed
grassland, is presumably due te, during the time of
s0il with excessive moisture (the measurement in prac-
lice is over 20%) turning to scil with low moisture,
the ungrazed grassland rich in porosity can attain the
optimum moisture of soil CHy uptake very quickly,
therefore the peak uptake in ungrazed grassland oc-
curs carlier than in grazed grassland. Although the
scasonal variation patterns are similar, the intensities
of uptake differ to some extent. The CHy uptake flux
values in stipe grandis grassland during the measured
period range from 0.75 to 173 pgC m~2 h~!; those in
ungrazed leymus chinense grassland are 1.1--165 pgC
m~? h~!; and those in frecly-grazed leyrus chinensc
grassland are 0.83-138 gC m~2 h~1, The order of in-
tensities of average annual uptake is: stipa grandis >
ungrazed leymus chinense >freely-grazed leymus chi-
nense grassland. It is easy to see by comparing this
with Fig. 7d (seasonal variations of soil water) that
all the peak values of soil CHy uptake occur at various
periods of soil water content. If soil water content is
too low (>8%) or too high (>20%), it is not advan-
tageous to the grassland soil for the uptake of atmo-
spheric CH,. These results agree with the conclusions
obtained from daily variations.

3.2.2 Seasonal variations of NoO

It can be seen from Fig. 7b that the semiarid grass-
land of Inner Mongolia exerts effects on atmospheric
NoC by the two functions, uptake and emission, but
emission is much greater than uptake, and the net re-
sult is a source of atmospheric NoO. The seasonal pat-
terns of NoQ emission in the different kinds of grass-
land are hasically the same. Two uptake peaks occur
every year in March and July respectively (Fig. 7),
and the strongest peak uptake appears generally in
the months of June and July when annual precipita-
tion is maximum. If there is more precipitation in the
grassland in winter, leaving a covering of heavy snow,
explosive emission of NyO caused by spring melting
in March probably makes its monthly average fluxes
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rank the highest of the annual emission. The NoO
annual average cmissions of the three kinds of grass-
land are ranked as: ungrazed leymus chinense>freely-
grazed leymus chinense> stipa grandis. Different grass-
land soil types, vegetation and below ground biomass
conditions respond differently to soil water variations
that cause the increase of NoO emission (Huang et al.,
1908).

3.2.3 Seasonal variations of COq

It can be seen from Fig. 7c that the ungrazed and
freely-grazed leymus chinense grasslands are always a
source of atmospheric COa, but the stipa grandis grass-
land sometimes releases COsz, and sometimes absorbs
C0,. Duting the period of measurcment (May 1998
to February 2000), the CO» emission from stipe gran-
dis grassland ranged from 11 to 80 ugC m~2 h~! with
the average monthly strongest uptake peak values oc-
curring in September at 3.0 pgC m~2 h™! with the
maximum of average monthly emission occurring in
June at 6.2 ugC m~2 h~"; the overall equilibrium is
a weak source of atmospheric COy, with annual av-
erage Oy emission of 102 kgC ha~! yr~1. The CO,
emission amount in ungrazed leymus chinense grass-
land is higher than in stipa grandis grassland, while
the freely-grazed grassland is also higher in CO, emis-
sion when compared with ungrazed grassland, and the
range of annual emission is larger than ungrazed grass-
land. The rise in temperature is beneficial to respi-

rations of soil microorganisms, animals, and plants,
which can promote CO» emission. By pholosynthe-
sis of plants, COy is absorbed in the case of sufficient
solar radiation, and the CQq uptake amount also in-
creases with increase of soil surface biomass; on the
other hand, the reduction in surface biomass may di-
rectly decrease the photosynthesis of plants, which re-
sults in the net increase of CQOp emission. The peak
value of CQOg emissions in grazed grassland appears
in Juty-August (about day of 180th-240th), and the
radiation during this period is large, with daily net
radiation intensity of 400-600 W m~2. During this
time, annual temperature is also the highest in the
grassland, aud the risc in temperature enhances the
respiration of microorganisms in the soil, and the CO»
emission increases. As a result by nibbling of live-
stock, the biomass in frecly-grazed grassland is far less
than that in ungrazed natural grassland, so that plants
greatly reduce the CO; uptake by photosynthesis. The
nel, result is the strongest CO; emissien in the whole
year occurring from July to August in freely-grazed
leymus chinense grassland. Because ungrazed leymus
chinense grassland is fenced and ungrazed, the above-
ground biomass is evidently higher than in the freely-
grazed grassland, and during the same time interval,
the CQOz emission from soil and plant respiration is
slightly greater than that of CO3 uptake by plant pho-
tosynthesis, 0 the results imply that under the lower
rate of emission therc are no significant fluctuations
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Fig. 7. Relations between seasonal variations
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ature.

in CO4, emission fluxes.

4. Conclusions

The key factors affecting the variation patterns of
daily CO; emission are solar radiation and soil temper-
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ature, and it is soil water content and oxygen-supply
state that affect daily variation patterns of CHy and
NoO emission in semiarid grassland, whereas daily
temperature variations exert the main influence on the
intensity of daily variations. The seasonal variations
of CHy uptake and NoQO emission show inverse and
positive linear correlations with those of soil moisture
respectively.

Soil types, vegetation, amounts of precipitation, ra-
diation, and temperature that lmpact the exchange
values of greenhonse gases in grassland are all fac-
tors of natural phenomena, but the effect of grazing
upon the exchange values is anthropogenic activity.
As far as greenhouse gases are concerned, grazing re-
duces NoO emission in grasslands; hence decreases in
emission amounts of greenhouse gases, however, are
negligible compared with reduction in CHy uptake, es-
pecially with the increase in COy emission value. For
this reason, might we suggest the “enclosure of cattle
with fences” to rehabilitate the “primitive grassland”
and to diminish the emission of greenhouse gases?
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