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Field carbon dioxide flux density*
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Abstract— A synchronous observation of field microclimate parameters using a method of infrared
analysis with additional air channel and circuit systems is introduced in this paper. The
concentration and the flux density of CQ, in wheat field and maize field were studied. The data in
several years were calculated using aerodynamic method and satisfactory results were obtained. Rela-
tion of CO, flux to global radiation, net radiation, turbulent exchange coefficient and wind velocity
were also analyzed and discussed integrated with practical aspects.
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1 Design of experiments and observation

Since 1981 we have been studying techniques monitoring of CO, concentration
and flux density in fields. The instrument is a non-dispersive infrared CO,
analyzer (NDIR), which is universally utilized by the basic CO, concentration
observation stations. There are different types of NDIR. The machine which we used
is a QGS-08 infrared CO, analyzer (Beijing Analytical Instrument Factory, Maihak
Company of Germany). CO, concentration in air was measured within the range of
0—500 ppm, and its difference was measured within the differential range, i. e. 0£50
ppm.

Functions of the host instrument and its additional systems should be strictly con-
tent with a series of conditions of the research. Firstly, it should be sitable and de-
pendable. Its functions should be tested repeatedly in order to check whether its
sensibility and stability meet the requirements of analysis, and can detect trivial diffe-
rence of CO, concentration near the canopy. The zero point and sensitivity were identi-
fied uwsually using the standard gas bottle during observational period. It should be
washed with strong air flux for several minutes, and then the sample was tested at
0.5 L/min stable flux. .
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To ensure reliability of observation data, air samples should be transferred from
specific positions of outside field and the air channels should be sealed strictly to
avoid leakage. Effects of fluctuating humidity, temperature and pressure on the sam-
ple, effects of CO, fluctuating concentration to zero point in the sample should be
eliminated. Effect of unstable voltage and current harmonic oscillation on the sensing
system must be climinated. Dust and other materials should be filtered out completely.
For these reasons, an air channel system was designed and set up. To reduce the pos-
sible measuring error, a convector for controlling the overturning measurement was
filled in (Fig. 1, Allen, 1971).
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Fig. 1 Air channel system for the measurement of CO, concentration and its difference

Such design had avoided different errors. Because it allowed two air streams get
into two chambers periodically and alternatively, was fitted in the convector for
controlling the channel overturning, the errors of zero shift of the analyzer and the
systematic errors of air channels can be eliminated automatically. Thurlby-1905
Voltmeter with 6-digit was used for recording to improve the precision and the resolu-
tion of measurement. The air sample was transferred through the channel with a
length of 200 m, filtered, dried and mixed in a bottle, then got into the analyzer.

In 1981, the sampling plots were set up at Crop Breeding Center (CBC) of
Luancheng County, 20 km south of Shijizzhuang, Hebei Province. There are a lot of
wheat field around the plots. Experiments included plots with rich and moderate fertili-
ty. The observation plots were set in the field of rich production. Variety of wheat
was Taishan-5. After 1984, observation was carried out in Datun Experimental Sta-
tion of Agroecological System (ESAS) in Beijing. The wheat varieties were Fengkang-2
and Jinghua-3 with average yield of 4500 kg/ha. And that of maize was Yedan4 with
average yicld of 7500 kg/ha. Growth and devclopment in different stages were mea-
sured and dry matter was weighed.
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Observation items of field microclimate included global radiation, net radiation,
heat flux of soil and gradient observation of temperature, humidity and wind. Syste-
matic observation of field microclimate was carried out in different growth stages, 8-9
times in whole growing season and 2—3 days each time. The interval of measurement
was 1-2 h.

2 Analysis and results

2.1 Variation of CO, concentration near crop canopy

According to the data CO, concentration during growing seasons of wheat and
maize in several years, the trends of variation of CO, concentration near crop canopy
during the season were almost the same in spite of obvious variation of the atmos-
phere background. CO, concentration was continuously decreasing in the daytime, and
increased in the night, and reached its maximum beforc sunrise. The daily amplitude
was quite big. Typical data obtained on fine days in the field of rich production
(vield about 6000 kg/ha) in CBC of Luancheng are shown in Fig. 2. When
photosynthcsm was strong in the day, CO, concentration is 250 — 300 ppm, which was
similar to the data of Holibu (Holibu, 1964) obtained in paddy field at a height of
100 cm and is coincide with results of Uchijima (Uchijima, 1967) and Allen (Allen,
1971).
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Fig. 2 Diurnal variation of CO, concentration in the air above wheat field (May 12, 1981)
1. Irridiance; 2, 3. the reflected solar radiation of bare soil

and wheat field, respectively; 4. CO, concentration
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Due to the effects of turbulent transfer, CO, concentration in the field was
fluctuating continuously and the fluctuating amplitude was several ppm in most
cases (Fig. 3) . Our observation results were consistant with Lemon’s (Lemon, 1964) re-
port of £ 10ppm variation at 1 m above the ground. It became difficult to calculate
the small instantaneous difference of CQO, concentralion between different heights near
the canopy. Therefore, the sample to be measured had to be fully mixed in a bottle
to obtain the average value.
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from the canopy to the atmosphere. But _
wheat field (1981)

the direction in the night was opposite. Be-

cause of weak turbulent exchange and

strong respiration of crop from 0—6 a.m,

in the night the flux was towards the atmosphere. The difference of CQ.concentration
between two layers of air stream with interval less than 1 m was big and was able to
reach 30—~40 ppm sleadily. Therefore, CO; flux density could be calculated from the
difference of CO, concentration, temperature and wind speed of different heights
above the canopy.
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Fig. 5 Diurnal course of the difference of CO; concentration above the canopy of wheat
(May 23—726, 1989, in filling stage, H=1.6m and 1.0m)

2 The variation of CO, flux density in wheat and maize fields

Field CO, flux density can be calculated by aecrodynamic method with data of
temperature, wind velocity and so on.

In neutral condition logarithmic profile of wind velocity can be expressed as the
following equation for uniform rough surface of plants:

IS I P il )

Yy k Z

where # is the average velocity, u, is the friction velocity, k is Karman constant, d
is the zero-plane displacement, z, is the height of rough surface, z is the height above
ground, 4 and z, are both independent arbitrary constants. Equation (1) is
meaningful only when z2d+z, 4 can be worked out from wind velocities, of three
heights. Various parameters were determined by author using Equation (1) and empiri-
cal method. It shows that d and z, were related with the height of plant H. Monteith
{Moanteith, 1973} proposed the following jinear relation, i ¢. d=0.63 H, z is often as-
sumed as 1/10 of H. When 4 and z, were known, the whole profile above the canopy
can be derived u# at one height. Values at other height can be worked out by:

7= mEt, @
M@ g |

= ————— =C,u (2), &)
* In( z—d )

where C,, is usually called drag coefficient.
The general equation to calculate CO, flux density F. can be expressed as
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where a—; is gradient of CQ, concentration, f is the coefficient of transformation

from volume concentration (ppm) to weight per unit volume at different temperature,
o, is the universal function of stability, K/K, is the ratio of CO, exchange coefficient
K to momentum exchange coefficient K, , both are function of Ri (Richardsen
number) and L (Monin-Obukhov length).

ou _ usp, _ C2) (5)
62 - Kz K (2
where ¢, is stability function of momentum which is different from ¢,, ¢,, @, i. e

stability' function of water vapor, heat and CO, . But there are still argument whether
their values are equal.
Based on Monin-Obukhov theory, ¢ can be determined by

z—d),,, ‘

:‘l—
qv(aL

(6)

Many authors pointed out that z;_d and Ri were equivalent. Some authors de-

duced many forms of ¢. Dyer and Hicks (Dyer, 1970) concluded that there was al-
most no difference between ¢, and ¢, even under an unstable condition.
Based on the model of Pruitt (Pruitt, 1973}, under unstable stratification,

®,= (l—l(;Ri)‘%, K,/K,=1.13 (1—60R)"", and under stable stratification, ¢, =
(1+16R)T, K /K. =1.13 (1+95 Ri)™*". Assuming K, =K, , flux density of wheat

canopy was calculated by using equations mentioncd above.
Because of decrease of the fetch, K, in maize field (1989) was determined by ener-
" gy balance method and then CO, flux can be worked out.

Data collected in plots of CBC in Luancheng are listed in Table 1. The flux from
the air above canopy to the canopy was positive and it was negative on the contra-
ry. In early growth stages, e. g. April, CO, flux in the day was always from the at-
mosphere to the canopy. It gradually decreased obviously after May. The flux was
cven from the canopy to the atmosphere at sunrise and before nightfall. CO.
concentration increased rapidly near the canopy in June. On 3—4 June wheat was
fully mature, the flux direction was from the canopy to atmosphere almost whole day
to the respiration of seeds and withered stems and leaves. Wheat was harvested late
in Luancheng County. Therefore loss due to the respiration was big and the yield
would be affected. Because air temperature of wheat maturing season in North China
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Plain was often high. Wheat harvest needed to be carried out in time.

Diurnal observation data of wheat in ESAS, data in 1985 are shown in Fig. 6.
The flux in the day was from the atmosphere to the canopy. Big flux density
occurred from 9 a. m. to 16 p. m. and the maximum at about 11 a. m. Conversely,
it was negative in the night, i. ¢. from the canopy to the atmosphere. This was

Table 1 CO, flux density in wheat field in different developmental stages

Date Developmental €O, flux density during days,
stages 10" *kg/(m*.5)
7 9 11 13 15 17 19

Apr. 10 Elongation 0.66 3.69 0.30 0.44 .12 0.18 2.33
Apr. 11 Elongation 0.00 » 4.35 2.11 221 4.56 1.36 0.36
Apr. 24 Earing 2.15 1.06 4,26 2,33 5.10 1.42 0.04
May 12 Graintilling 0.22 0.76 0.88 2.87 1.04 1.66 0.48
May 13 Graintilling 0.14 0.01 0.08 1.47 2.9 3.10 0.00
May 14 Graintilling —0.41 0.79 0.77 0.90 0.76 1.39 6.69
June 3 Maturing 0.00 —4.65 000 -—392 -194 -0.63 —0.81
June 4 Maturing —2.54 —-0.97 287 -3.13 -—-1.12 -3.23 -1.14

Total solar Wind speed Mean air temperature of

radiation, at 2m height, 7-19h, T

I/ (em?. 5) m/s

1409.3 1.5 18.5

2212.3 17 18.6

2672.4 18 18.5

2912 8 1.2 20.5

2290.7 2.0 2.1

2866.8 1.6 223

2962.9 2.0 29.0

2950.4 1.0 28.1

Source: At plot in Luancheng, 1981

coincide with the results of Rosenbarg (Rosenbarg, 1976) and Denmead (Denmead,
1966) . Because developmental stages of winter wheat in Beijing are about 7—10 days
later than that in Luancheng, the flux was still from atmosphere to the canopy in the
beginning of June and there was still strong photosynthesis in the day.

There were similar patterns of CO, flux of maize field. Fig. 7 shows CO, flux in
filling stage of maize which reaches maximum at noon and tums negative in the
night. Photosynthesis was not vigorous due to entering the late stage development.

There was close relation between CO, concentration and the flux of global solar
radiation near canopy. Fig. 8 shows that CO, flux density increased with the increase
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Fig. 9 Relation of CO, flux (Fc) to net radiation {Rn), CO, exchange
coefficient (Kc) and wind speed {u) in wheat field

3  Conclusions

CO, concentration in field was measured by an infrared CQ, analyzer, and field
microclimate parameters were observed synchronously. CO, flux density was calculated
by aerodynamic method. Fairly satisfying results were able to obtain and with other
researchers. This method can be used to determine mass and energy flow in the field,
to study primary crop productivity qualitatively, and to determine CO, flux density in
the boundary of ground and atmosphere, and the exchange and transfer of other
trace gases, too.

Based on several years data, CO, concentration of 250—300 ppm was often ob-
served in early 1980s, when deficiency of CO, was paid close attention to and was
considered as a limited factor of productivity. But the results in recent years showed
that CO, concentration in the field was always more than 300 ppm and even high.
This may be rclated with increase of background value of CO, in the atmosphere.
The effects of CO, increase on plants and crop productivity. were becoming an atten-
tive problem day by day.

Analysis showed that relations of field CO, flux to global solar radiation and
CO, exchange coefficient were more significant than that to net radiation and wind
speed. Further studies on relations of CO, flux to meteorological factors and crops
will be helpful to determine CO, flux density in large area, and will be significant for
research micrometeorology, field ecology and vegetation productivity.
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