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Abstract  Terrestrial carbon cycling is one of the hotspots 
in global change issues. In this paper, we presented the ra-
tionale for determination of net exchange of CO2 between 
terrestrial and the atmosphere (NEE) and the methods for 
measuring several relevant components. Three key processes 
for determination of NEE were addressed, including the 
separation of shoot autotrophic respiration from total CO2 
emissions of the ecosystem, the partition of root respiration 
from soil CO2 efflux, and the quantification of rhizodeposi-
tion C from NPP. With an understanding of the processes 
involved in the CO2 exchange between terrestrial and the 
atmosphere, we estimated NEE of rice ecosystem in Nanjing 
based on field measurements of CO2 emissions and several 
relevant biotic components as well as abiotic factors. The 
field measurements of CO2 emissions were made over the 
rice-growing seasons in 2001 and 2002 with the static opaque 
chamber method. Calculations indicated that the seasonal 
pattern of NEE is comparable for two seasons. Either net 
carbon emission or fractional carbon fixation occurred dur-
ing 3 weeks after rice transplanting and thereafter net car-
bon fixation appeared with an increasing trend as rice grow-
ing. Higher net carbon fixation occurred in the rice develop-
mental period from elongating to heading. A decline trend in 
the fixation was documented after rice heading. The mean 
daily NEE was −6.06 gC·m−2 in 2001 season and −7.95 
gC·m−2 in 2002 season, respectively. These values were 
comparable to the results obtained by Campbell et al. who 
made field measurements with the Bowen ratio-energy bal-
ance technique in irrigated rice, Texas USA. Moreover, the 
mean daily NEE in this study was also comparable to the 
values obtained from a Japanese rice paddy with the eddy 
covariance method under the similar water regime, either 
drainage course or waterlogged. It is concluded that NEE 
determined by the static opaque chamber method is compa-  

rable and in agreement with those measured by Bowen ratio- 
energy balance and eddy covariance methods. 
Keywords: static opaque chamber method, terrestrial ecosystem, 
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Carbon dioxide (CO2), a key greenhouse gas, con-
tributes greatly to global warming. The atmospheric CO2 
concentration has increased by 31% since 1750[1]. The 
increase rate was 3.2±0.1 Pg a−1 (1 Pg = 1015g) in the 
1990s and the current increase rate is unprecedented over 
the past 20000 years[1]. The atmospheric CO2 content is 
mostly dependent on the net exchange of CO2 within 
carbon pools involved in the carbon cycle processes. 
Investigation of the processes and mechanisms of CO2 
exchange between terrestrial ecosystem and the atmos-
phere has been becoming one of the hotspots with re-
spect to global change and regional sustainable devel-
opment. This kind of investigation has been gaining 
international interest for several important programs, such 
as Integrated Global Carbon Observations (IGCO) ini-
tiated by IGBP, WCRP and IHDP, Global Carbon Pro-
ject (GCP) in ESSP[2], and Study on Carbon Budget in 
Terrestrial and Marginal Sea Ecosystems of China sup-
ported by the Knowledge Innovation Program of the 
Chinese Academy of Sciences[3]. 

Fluxes of CO2 from terrestrial ecosystems are often 
determined by eddy covariance or static chamber methods 
that are now adopted in Chinese Terrestrial Ecosystem 
Flux Observational Research Network (ChinaFLUX). 
Based on the micrometeorological theory, the eddy co-
variance technique is able to directly detect mass and 
energy exchange between terrestrial and the atmosphere 
from the change in wind speed and air density on a certain 
height above the canopy. This technique is characterized 
as quick and continuous measurement without disturbance 
for plant community. However, reliable measurements are 
usually obtained from fields with adequate flat area under 
appropriate vertical airflow. Moreover, equipments and 
facilities for this method are expensive that makes it dif-
ficult to be used in multiple sites. In contrast, the static 
chamber method has the advantages of higher adaptability 
and sensitivity, straightforward operation, and lower cost, 
which is therefore widely used to simultaneously measure 
CO2, CH4 and N2O fluxes from terrestrial ecosystem in 
China[4—6]. The static chamber with open bottom is cov-
ered a known area of ground that allows objective gas 
inside the chamber to be accumulated within a certain 
time interval. The emission rate is determined from 
changes in a mixing ratio of objective gas in samples in  
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side the chamber. It is well recognized that temperature 
affects not only plant photosynthesis and respiration but. 
also evaporation, which influences directly CO2 emission 
The chamber is therefore usually made of opaque rather 
than transparent to control air temperature inside the 
chamber. On the other hand, since CO2 emission from the 
static opaque chamber includes soil respiration and plant 
autotrophic respiration but excludes plant photosynthesis, 
net exchange of CO2 between terrestrial and the atmos-
phere (NEE-Net Ecosystem Exchange) is difficult to be 
directly determined. Nevertheless, quantification of NEE 
with the static opaque chamber is worthwhile.  

With an understanding of the process of CO2 ex- 
change between terrestrial and the atmosphere, we carried  
out a two-year field experiment to determine NEE with 
the static opaque chamber. NEE in this study was com- 
pared with that by Bowen ratio-energy balance technique  
and eddy covariance method from similar rice paddy. The  
objective of this paper is to address the feasibility of de- 
termination of NEE with static opaque chamber technique. 

1  Rationale for NEE determination 

In the absence of disturbances that remove carbon 
from the ecosystem (such as harvest or fire), terrestrial 
carbon processes can be generalized as follows. Plants 
acquire CO2 by diffusion through stomata into leaves and 
thus photosynthesis performs to shape plant biomass. 
Thereafter, dead root and litter retained into the soil as 
organic matter, which is further converted back to atmos-
pheric CO2 by heterotrophic decomposition. The physical 
and structural interactions of carbon processes in the ex-
panded temporal and spatial scales constitute interrela-
tionships in terrestrial ecosystem[7]. The amount that is 
“fixed” from the atmosphere, i.e. converted from CO2 to 
carbohydrate during photosynthesis, is known as gross 
primary production (GPP). The difference between pho-
tosynthesis and plant autotrophic respiration (RA) is re-
ferred to net primary production (NPP). Eventually, car-
bon fixed as NPP is returned to the atmospheric CO2 pool 
through heterotrophic respiration (RH) by decomposers 
(bacteria and fungi feeding on dead tissue and exudates) 
and herbivores. Net ecosystem exchange (NEE) is referred 
to how much carbon lost or gained for an ecosystem, 
equal to the difference between RH and NPP. When other 
losses of carbon are accounted for, such as fires, harvest-
ing/removals (eventually combusted or decomposed), the 
remains are called net biome production (NBP). NBP 
represents the carbon accumulated by the terrestrial bio-
sphere, which is usually used to describe what the atmos-
phere ultimately “sees” as the net land uptake on a global 
scale over period of a year or longer. NEE is in general 
represented as 

NEE = RH − (GPP−RA) 

 = RH −NPP.                      (1) 
Similar as the measurement of CH4 and N2O fluxes, 

static chamber sealed a certain volume of air above the 
vegetation for allowing CO2 inside the chamber to be ac- 
cumulated. The emission rate was determined from 
changes in a mixing ratio of CO2 detected by a modified 
gas chromatograph (GC-Agilent 4890D). The gas sample 
was taken from the closed chamber within a certain inter-
val[6]. CO2 emission (M) by the opaque chamber method is 
attributed to shoot autotrophic respiration (RAS) and soil 
respiration (RS). The RS includes soil heterotrophic respi-
ration (RH) and root autotrophic respiration (RAR). The M 
is thus expressed as eq. (2). Combining eq. (1) with eq. (2), 
NEE can be estimated by eq. (3).  

M = RH + RAS + RAR,              (2) 
NEE = RH − NPP 

         = M − RAS − RAR − NPP.          (3) 
Based on the description of eq. (3), the estimation of 

NEE from M, RAS, RAR and NPP becomes possible.  
Temporal dynamics of these components can be also used 
to describe the seasonal pattern of NEE.  
2  Component measurement 

(ⅰ ) NPP.  Plant biomass is referred to as the 
amount of above- and below-ground living plant mass. 
NPP is a measure of plant community accumulation, i.e. 
the increase of biomass per unit area within a certain pe-
riod. Conventionally, NPP is calculated as a summation of 
the increment of biomass (∆W), plant litter and dead tis-
sues/organs (DL), and rhizodeposition (DE) such as root 
secretion within a certain interval as follows: 

 NPP = ∆W + DL + DE.          (4) 
It is regretted that rhizodeposition C was not speci-

fied in quantification of NPP for natural and agrecosys-
tem[8—10]. The DE was primarily measured in some labora-
tory studies or derived from rhizosphere microbe growth 
rate[11]. Measurement of rhizodeposition carbon in situ has 
been becoming one of the most difficulties in terrestrial 
carbon cycling investigation. Currently, NPP is merely 
derived from biomass by harvest method[12]. Presupposi-
tion for this method is that neither vegetation nor litter 
from previous season is retained and no litter was decom-
posed before harvest. Thus, the NPP was estimated by eq. 
(5). 

 NPP = WMAX+DL,                (5) 
where WMAX is the maximum biomass at maturity from the 
plots where CO2 emissions were measured. In order to 
obtain plant litter without disturbing the measurements of 
CO2 emission, especially the emission from litter decom-
position, we collected plant litter from the plots where gas 
sample was not taken over an entire growing season. 
Shoot growth in these plots were measured within a cer-
tain interval over the season. Seasonal changes in plant 
growth were simulated by inserting the measured data into 
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a logistic curve (Fig. 1(a)). By adapting parameters of the 
logistic curve and the Wmax in the plots where CO2 fluxes 
were measured, seasonal changes in above-ground NPP 
were simulated. Seasonal dynamics of below-ground NPP 
was determined from the above-ground NPP and 
root/shoot ratio. Precondition for the NPP simulation is 
that plant development in two plots was fully synchronous 
where CO2 fluxes were and were not measured.  

 
Fig. 1.  Seasonal dynamics of NPP (a) derived from above ground bio-
mass and total CO2 fluxes (M) as well as air temperature (Ta) in rice 
paddy (b). 

 
(ⅱ) CO2 emissions measured by opaque chamber 

method (M).  CO2 emissions from ecosystem (M) were 
measured by the static opaque chamber method. The 
chamber has the dimensions of 50 cm × 50 cm × 50 cm and 
50 cm × 50 cm × 100 cm equipped with a circulating fan to 
ensure complete gas mixing. The measured CO2 flux con-
sisted of shoot dark respiration and soil respiration since 
plant photosynthesis inside the chamber was restricted 
while taking gas samples. When solar radiation is 
screened there is a rapid evolution of CO2 greatly exceed-
ing dark respiration rate for C3 plants, which is called the 
post-illumination burst (PIB). The PIB comes from the 
advanced metabolism of substrates associated with photo-
respiration when the light is screened. These substrates are 
formed during illumination. Experiment with simulating 
apparatus by Wang and Gao showed that the PIB from 
wheat leaves lasted about 1.5 min[13]. Results from this 
research demonstrated that CO2 concentration of five sets 

of gas sample was linearly increased within 20 min after 
chamber was closed. The difference of CO2 fluxes result-
ing from PIB was less than 1%, suggesting that CO2 ab-
ruption lasted a short time and thus its influence on eco-
system respiration is negligible. In addition, the bigger 
chamber is more advantageous to reduce the influence of 
O2 content dropping on plant respiration and thus Pasteur 
Effect emergency. Fig. 1(b) shows the seasonal variation 
of CO2 fluxes from rice ecosystem measured in 2001 by 
the static opaque chamber method. 

Parameter Q10 is usually used to describe the de-
pendence of plant and soil respiration on temperature (Fig. 
1(b)) by biologists. Respiratory Q10 for majority of plants 
is 2.0—2.4 within 5—25℃. As temperature shifts to 30—
35℃, the value of Q10 often descends since plant respira-
tion increases at a lower rate. Recent study in this group 
showed that plant respiratory Q10 is about 2.0[14]. For soil 
respiration, Q10 is usually recognized as constant since soil 
temperature changes slowly within a relative narrow range. 
We took gas samples manually within a short period of 
time (e.g. 08:00—10:00 AM) at certain intervals (e.g. 
once or twice every week), while respiration of the eco-
system is significantly dependent on air temperature with 
a diurnal variation. In order to obtain daily CO2 emission, 
CO2 flux must be corrected by Q10 and daily mean tem-
perature[15]. Plant respiratory Q10 was obtained from diur-
nal variation of CO2 flux in main developmental stages. 
The Q10 was then used to correct daily CO2 emission. 

(ⅲ) Shoot autotrophic respiration.  Plant dark res-
piration is simply entitled plant respiration since the res-
piration without light needs. In plant physiology, plant 
respiration is expressed either by respiratory coefficient 
(respiratory quotient) or by respiration rate. The respira-
tory coefficient is expressed as a mole ratio of CO2 to O2 
exchange per day. The respiration rate is defined as the 
amount of CO2 emitted from per unit dry matter of plant 
per day (gCO2-Cg−1Cd−1)[16]. Note that the respiration rate 
usually refers to CO2 flux (mgCO2-C m−2 h−1) in carbon 
exchange studies, while it is represented as the respiratory 
coefficient (Rf) in plant physiology. Similarly, we defined 
the respiratory coefficient as the amount of CO2 emitted 
from per unit dry matter of plant per day. Taking the effect 
of temperature on respiration into account, we took 25℃ 
as reference temperature. 

To quantify NEE, deduction of shoot autotrophic 
respiration (RAS) from the total fluxes of CO2 (M) is es-
sential according to eq. (3). Ordinarily, shoot autotrophic 
respiration rate can be identified through two ways, 
namely, harvest method and plant or living organism iso-
lated culture. By the harvest method, RAS is quantitatively 
identified as the difference of CO2 fluxes of ecosystem 
before and after cutting plant shoot at the basal internodes. 
The respiratory coefficient determined by plant culture 
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technique often exceeds to that by the harvest method be-
cause of unavoidable plant respiratory promotion in re-
sponse of plant physical scathe in the process of removing 
plant from soil[17]. Our experiment indicated that the plant 
dark respiratory coefficient determined by the culture 
method was increased by 20%—65% compared with that 
by the harvest method. This experiment was conducted in 
the main developmental stages of winter wheat. It is gen-
erally believed that the harvest method is more suitable to 
determine plant autotrophic respiration. In fact, substrate 
for plant respiration is protoplasm or protein. The tempo-
ral pattern of plant respiratory coefficient was pronounced 
over the growing season (Fig. 2). Highest respiratory co-
efficient occurred at the early stage of seedling and 
stepped down with plant growth and development. Sea-
sonal variation of plant respiratory coefficient associated 
with plant N content is consistent with that of plant rela-
tive growth rate (RGR)[18], which was also certificated 
from our result that the shoot dark respiratory coefficient 
is dependent on plant N content or RGR (Fig. 3). Plant N 
content was measured by the spectrum technique, and 
RGR was derived from the logistic equation of plant 
growth (Fig. 1(a)). Relationships in Fig. 3 provide won-
derful possibilities that the shoot dark respiration can be 
quantified with several parameters including temperature, 
biomass, and plant N content. 

 
Fig. 2.  Seasonal pattern of rice shoot dark respiratory coefficient (Rf). 

 
(ⅳ) Root respiration.  Soil respiration, i.e. total soil 

respiration or apparent soil respiration, is often determined 
through three approaches: direct measurement, deduction 
of shoot dark respiration from the total respiration of eco-
system, and simulation by linking abiotic factors with bi-
otic components. Results from these approaches have dif-
ferent interpretations. Strictly speaking, soil respiration 
represents an overall metabolic process of CO2 formation, 
including root autotrophic respiration, soil microbe respi-
ration and soil herbivores respiration, and an abiological 
process of the chemical oxidization of carbon com-
pounds[19]. Generally, soil microbe and root respiration 
account for the main constitutions of soil respiration and  

 
Fig. 3.  Correlations of rice shoot dark respiratory coefficient (Rf) with 
plant nitrogen content (N) and plant relative growth rate (RGR). 
 
the two-latter is often negligible. According to carbon ori-
gins, soil respiration is usually divided into four compo-
nents: root autotrophic respiration (RAR), rhizodeposition 
carbon heterotrophic decomposition (RE), organic litter 
(RL) and soil organic matter (RO) heterotrophic decompo-
sition. Over the last 30 years, many research techniques 
have been developed to partition root respiration from soil 
CO2 effluxes[20—24]. These techniques include two catego-
ries. One is that root respiration is directly measured, for 
example, root sterilized by germicide is cultured to meas-
ure respiratory coefficient. However, the natural metabo-
lism process in the plant might be disturbed due to the 
sterilization. Moreover, CO2 evolved from root respiration 
could be excluded in the total fluxes of ecosystem when it 
combines with other compounds during the transportation 
of CO2 from soil to atmosphere. The other is subtractive 
approach that RE, RL and RO subtracted from RS gives RAR. 
The RL can be measured in lab incubation, field burying, 
or chamber method in situ[25—28]. Either RS or RO can be 
monitored in field plots with or without plants, respec-
tively[14]. Simultaneously, rhizosphere soil is incubated in 
lab to detect CO2 efflux (RE). Investigation conducted by 
Kelting et al. showed that the root respiration determined 
by these two categories yielded approximately 30% dif-
ference[29]. Based on the pulse labeling technique, Kuzya-
kov investigated RAR and root-derived CO2 efflux under 
similar experimental conditions with four methods, 
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namely, the isotope dilution method, the model rhizode-
position technique, modeling of 14CO2 efflux dynamics, 
and the exude elution procedure. Results from his investi-
gation indicated that RAR contributes about 40%—50% to 
the root-derived CO2 efflux[30]. Up to date, Kuzyakov’s 
result is thought to be more reliable than others although it 
showed a wide range and the assumptions and principles 
were different for each method. 
3  NEE determination 

Assuming that the contribution of RAR to the 
root-derived CO2 efflux is denoted as β, the root-derived 
CO2 efflux was quantified by the difference of CO2 emis-
sions from the plots with and without plant[14]. In light of 
the results obtained by Kuzyakov[30] and Kuzyakov et 
al.[31] and the case of mostly waterlogged periods in rice 
paddy, the β  was taken values ranging from 0.1 to 0.3 
before drainage. Thereafter it was 0.4. NEE was therefore 
determined by eq. (6) as 

NEE = (1 − β) (M − RAS) − NPP.       (6) 
Based on the measurements of several relevant 

components, net exchange of CO2 between rice-based 
ground and the atmosphere was calculated by eq. (6). Fig. 
4 and Table 1 show the seasonal changes in NPP, RH and 
NEE for 2001 and 2002 seasons, respectively. Water re-
gime in the rice paddy over an entire season was charac-
terized as a course of flooding-drainage-alteration of dry 
and wet. Field drainage was initiated from 35 days and 37 
days after rice transplanting, and lasted one week and 5 
days in 2001 and 2002 seasons, respectively. Synthetic 
nitrogen fertilizer was applied at the rate of 333 kgN hm−2 
in 2001 season and 450 kgN hm−2 in 2002 season, respec-
tively. Local agricultural practices were accepted in the 
two seasons. Results of Fig. 4 and Table 1 suggested that 
the seasonal pattern of NPP, RH and NEE was similar for 
the two seasons with the exception of the period before 
drainage. Within 3 weeks after rice transplanting, net car-
bon emissions occurred in 2001 season and fractional net 
carbon was fixed in 2002 season. Field drainage resulted 
in the descent of the net carbon fixation for the two sea-
sons. Higher net carbon fixation appeared in rice devel-
opmental period from elongating to heading, 50–80 days 
after rice transplanting. A decline trend in the fixation was 
documented after rice heading (Fig. 4). Drainage events 
shifted rice paddy from anaerobic to aerobic condition and 
aggressively fomented soil CO2 effluxes. As soil CO2 ef-
fluxes increase, the net carbon fixed by the ecosystem 
dropped down (e.g. Fig. 4). Microorganism accommoda-
tion to the reflooded condition led to soil respiration de-
crease. The difference of NEEs between the two seasons 
within first 3 weeks was mostly ascribed to temperature. 
Too higher air temperature with an average of 29.1℃ in 
2001 season was answerable for RH exceeding NPP. On 
the contrary, lower air temperature with an average of  
25.6℃ in 2002 season was beneficial to rice adaptation 

and tillering, which induced higher NPP and lower RH. 
Seasonal amounts of RH, NPP and NEE were 2.10 ± 0.05, 
9.31 ± 0.56 and −7.21 ± 0.26 t hm−2 in 2001 rice season, 
and 1.38 ± 0.10, 10.84 ± 0.25, −9.46 ± 0.15 t hm−2 in 2002 
rice season, respectively. In a word, NEE in rice ecosys-
tem is influenced by abiotic and biotic factors such as 
temperature, soil water state, plant N and growth. An inte-
grated effect of these factors is responsible for the in-
ter-annual variation in NEE.  

 
Fig. 4.  Seasonal changes in NPP, RH and NEE in 2001 and 2002 rice 
seasons. 
 
Table 1  Comparison of NEE (gC m−2 d−1) of rice ecosystem determined 

by static opaque chamber method (Nanjing, China) with that based on 
Bowen ratio-energy balance technique (Texas, USA) 
Nanjing, China Texas, USAb) 

NEEa) NEE Days after 
transplanting/d 2001 2002

 Days after  
seedling/d 1998 1999

0—21 0.23 −3.81  0—24 0.63 0.22 

22—42 −6.25 −6.18  25—40 −1.53 −1.69 

43—63 −11.96 −10.17  41—56 −9.16 −7.85 

64—77 −10.91 −13.10  57—84 −13.62 −13.34 

78—98 −6.65 −10.52  85—110 −6.82 −9.85 

99—119 −2.40 −5.65  111—121 −1.15 −14.43 
a) The negative NEE means net carbon fixation of rice ecosystem 

and the positive means net carbon effluxes. b) Data were derived from 
[32]. 
 

Table 1 shows net efflux of CO2 emissions in this 
study and that measured by Campbell et al. with Bowen 
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ratio-energy balance technique[32]. Measurements by 
Campbell et al. were made in an irrigated rice field in EI 
Campo (29°12′N, 96º30′W), Texas, USA[32]. Average air 
temperature over the rice season was 24.9℃ in Nanjing 
and 24.2℃in EI Campo, respectively. There was a sig-
nificant difference in precipitation between the two sites, 
375 mm in Nanjing and 185 mm in EI Compo, respec-
tively. The precipitation intensively happened within the 
first 3 weeks of rice growing due to monsoonal climate in 
Nanjing. Results in Table 1 indicated that NEEs deter-
mined by two methods were comparable with the same 
seasonal pattern. The mean daily NEE in Nanjing was 
−6.06 gC m−2 in 2001 season and −7.95 gC m−2 in 2002 
season, and that in EI Campo was −6.05 gC m−2 in 1998 
season and −7.68 gC m−2 in 1999 season, respectively. 
With the eddy covariance method, Miyata et al.[33] meas-
ured NEE in a Japanese rice field located at Hachihama 
(34º32′N, 133º56′E). Their measurements demonstrated 
that mean daily NEE in drainage course was −3.95 gC m−2, 
which accounts for 49% of that (ca. −8.13 gC m−2) from 
waterlogged periods. On average of the two seasons, daily 
NEE in this study was −5.38 gC m−2 during drainage pe-
riod and −11.01 gC m−2 for the following two waterlogged 
weeks, respectively. The former value also accounts for 
49% of the latter. Clearly, NEE determined by the static 
opaque chamber method in this study is comparable and in 
agreement with those measured by Bowen ratio-energy 
balance and eddy covariance methods, though there are 
some uncertainties such as partitioning RH from RS and 
identifying rhizodeposition C from NPP. 

4  Discussion and conclusions 

Determination of NEE based on the static opaque 
chamber technique needs to simultaneously measure CO2 
fluxes of ecosystem, NPP and root/shoot ratio over an 
entire season. In addition, variables and components 
should be measured with enough replicates to reduce er-
rors of NEE calculation. The reasonable estimations of 
plant respiratory coefficient and its associated temperature 
coefficient are the keys to quantifying plant respiration.  

Determination of NEE with static opaque chamber 
method should focus on (1) reasonable deduction of shoot 
autotrophic respiration from the total CO2 fluxes of eco-
system, (2) partition of root autotrophic respiration from 
soil CO2 efflux, and (3) quantification of rhizodeposition 
C from NPP. Shoot autotrophic respiration has been well 
documented while root autotrophic respiration and 
rhizodeposition C are less to be identified. These two 
components involve in carbon cycle in the rhizosphere 
microecological system. Unfortunately, there is still lack 
of the effective method to measure carbon flow in the 
rhizosphere microecological system in situ[34]. 

As Chapin and Ruess pointed out, the below ground 

carbon issue has constituted the most scientific challenge 
to terrestrial carbon cycling[35]. Quantification of rhizode-
position carbon is merely circumscribed by nutrient solu-
tion culture and isotope labeling approaches[36]. Some lit-
eratures suggested that about 20%—50% of plant photo-
synthetic products is transferred into soil and establishes 
carbon flow and distribution in rhizosphere microecologi-
cal system[37—39]. Although there are many mechanistic 
and process-oriented models about rhizosphere carbon 
flow and rhizodepositizon carbon[40 — 42], modeling pa-
rameters have much uncertainties[43]. Furthermore, the 
different definition of rhizodeposition also incurs com-
parison among results with great difficulties[44]. Since the 
1970s, many methods[45] have been developed to investi-
gate rhizosphere CO2 effluxes such as soil sterilization and 
fumigation techniques[46], isotope labeling techniques[47], 
soil component integration method[48], and plant girdling 
method[49]. Estimations indicated that the contribution of 
root respiration to total CO2 efflux from soil ranges from 
10% to 90%, with methodological uncertainties account-
ing for most of this variation[24,35]. Moreover, both root 
respiration and microorganism respiration are regulated by 
several soil environmental factors, which further instigates 
difficulties in study[48,49]. Although there was a report that 
root autotrophic respiration is associated with root 
growth[50], the universal adaptability of this relationship 
still needs to be extensively examined. It is noteworthy 
that the study on carbon cycle in rhizosphere mi-
croecological system is lack of integrality, and hence it is 
necessary to pay more attention to this issue in China. 

With an understanding of the processes involved in 
the CO2 exchange between terrestrial and the atmosphere, 
we estimated NEE of rice ecosystem in Nanjing. Results 
from this study indicated that NEE determined by the 
static opaque chamber method is comparable and in 
agreement with those measured by Bowen ratio-energy 
balance and eddy covariance methods. It is concluded that 
NEE could be quantified through CO2 fluxes measured by 
the static opaque static chamber method and the meas-
urements of relevant biotic components and abiotic fac-
tors. 
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