
8 

After photosynthesis, soil respiration is the 
second largest carbon flux in most ecosystems, 
and can account for 60–90% of total ecosystem 
respiration (Longdoz et al. 2000). Therefore, soil 
respiration is one of the most important research 
issues in the global carbon cycle (Schimel 1995). 
Soil respiration is the sum of root respiration and 
microbial respiration. The contribution of these 
groups needs to be understood to evaluate impli-
cations of environmental changes on soil carbon 
cycling and sequestration (Hanson et al. 2000).

Separating root and microbial respiration from 
the measured total soil respiration is exceptionally 
difficult and presents one of the greatest chal-
lenges to quantify the carbon cycling (Killham and 
Yeomans 2001). In China, the researches on the 
contributions of root respiration to soil respiration 
were focused on forest and grassland ecosystems 
(Jia et al. 2006, Liu et al. 2007, Wang et al. 2009), 
but very rarely in agricultural ecosystem (Han et 
al. 2007, Li et al. 2011). This study aims to reveal 

the partition of soil respiration to root and mi-
crobial contributions by developing a regression 
relationship between soil respiration rates and 
root biomass over the rape growing season.

MATERIAL AND METHODS

Study area. The study area is located in a farm 
in the Southwest University (30°26'N, 106°26'E), 
Chongqing, managed by the Key Field Station for 
Monitoring of Eco-Environment of Purple Soil of 
the Ministry of Agriculture of China. The average 
altitude of this study site is 230 m a.s.l. The an-
nual precipitation is 1105.4 mm, of which nearly 
70% falls in the five months of year from May to 
September. Daily mean air temperature is 18.3°C. 
The annual sunshine hours are 1276.7 h and the 
non-frost period is 334 days. The soil is classified 
as Hydragric Anthrosol developed from the parent 
material of Jurassic purple shale and sandstone 
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weathering product. Soil properties were as fol-
lows: bulk density 1.2 g/cm3, clay (< 0.005 mm) 
content 42%, pH 6.5, total organic carbon 16.2 g/kg, 
total nitrogen 1.82 g/kg, total phosphorus 0.86 g/kg, 
total potassium 24.1 g/kg, alkali-soluble nitrogen 
128.5 mg/kg, available phosphorus 9.2 mg/kg, 
available potassium 82.3 mg/kg.

The study was conducted during the rape growing 
season in a rape-rice rotation agricultural field. 
The rape was transplanted on November 14, 2009 
and harvested on April 24, 2010. The application 
of fertilizers in the rape growth season was as 
follows: 77.7 kg N/ha (urea), 2/3 as basal and 1/3 
as topdressing; 29.5 kg P/ha (superphosphate) ap-
plied as basal; 23.6 kg K/ha (potassium chloride), 
1/2 as basal and 1/2 as topdressing. The basal and 
topdressing fertilizers were applied on November 
14, 2009 and February 17, 2010, respectively.

Soil respiration measurements. During the rape 
growing season soil respiration rates were meas-
ured monthly using a closed chamber technique 
as described by Mu et al. (2008). Three measure-
ment positions were selected-on a plant, between 
plants and between rows and each position had 
three replicates (Figure 1). Soil respiration rates 
were measured on clear days every 2 h from 7:00 
to 19:00 (November 22 and December 20, 2009; 
January 28, February 28, March 27 and April 17, 
2010). A stainless steel collar (20 cm inside di-
ameter and 6 cm height) with a water groove on 
top was inserted to a depth of 3 cm below soil 
surface one day before the measurements. At each 
sampling, an open-ended stainless steel cylinder 
with an internal diameter of 20 cm and a height of 
25 cm was mounted on soil collar and the groove 
was filled with water to ensure air-tightness. The 

cylinders were left open for 30 min to obtain an 
equilibrium state before gas sampling (Norman 
et al. 1997). When equilibrium was reached, the 
cylinders were sealed using white acrylic lids with 
two ports, one for gas sampling and the other for 
the attachment of compensation air to equilibrate 
the chamber pressure with the atmospheric pres-
sure. To determine soil respiration rate, air sample 
inside the chamber was taken for every 10 min 
over a 30 min period with 60 mL plastic syringes 
(total of four samples). CO2 concentrations of the 
air samples were analyzed in the laboratory (within 
12 h) using a gas chromatograph equipped with a 
flame ionization detector (Zhang et al. 2012). The 
soil respiration rates were calculated from a linear 
regression of the changes in the concentration. 
Corrections were made for air temperature and 
pressure. The data deviating significantly from 
linearity (R2 < 0.95) were discarded.

Root biomass measurements. In order to evaluate 
the effect of root biomass on soil respiration, soil 
sample down to 30 cm was excavated below each soil 
collar after the soil respiration measurement. Each 
sample was washed by 0.2 mm mesh steel screen and 
live roots were picked by hand. Sorted roots were 
weighed after drying at 80°C to a constant mass. 
Total C and N contents of the roots were measured 
by the dry combustion method and Kjeldahl method 
(Bremner 1960), respectively. There was no root 
in the soil below the collars located between rows.

Partitioning of root and microbial respiration. 
Soil respiration consists of functionally differ-
ent components, root respiration and microbial 
respiration. Root respiration in this study refers 
to root-derived CO2 which is the combination of 
actual root respiration and rhizosphere respiration, 
and microbial respiration refers to the respiration 
of soil microbes that are free from roots, i.e., de-
rived from soil organic matter. In this study the 
regression method was used to apportion root 
and microbial respiration (Kucera and Kirkham 
1971). A linear relationship exists between soil 
respiration rate and root biomass:

Rs = aB + b

Where: Rs – soil respiration rate (mg CO2/m2/h); B – root 
biomass in the soil collars (g/m2); a, b – parameters. Mi-
crobial respiration (Rm) can be estimated when B = 0, i.e., 
the respiration in the absence of roots. Root respiration 
(Rr) is estimated by the difference between Rs and Rm.

Statistical analysis. All statistical analyses were 
performed by the SPSS 13.0 (SPSS for Windows, Figure 1. The positions of measurement plots
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Version 13.0, Chicago, USA). Linear regression 
was used to evaluate the relationship between soil 
respiration and root biomass.

RESULTS AND DISCUSSION

Microbial respiration. The regression approach 
was first suggested by Kucera and Kirkham (1971) 
and was applied in some later studies (Behera et al. 
1990, Jia et al. 2006, Wang et al. 2009). Kuzyakov 
(2006) listed several methods for separating the 
components of soil respiration in his review. By 
comparing the methods, he concluded that the 
regression technique is the most suitable because 
of the lowest disturbance and highest universality. 
This approach is also rather simple and cheap, and 
can be used in several ecosystems, such as forests 
(Behera et al. 1990), agricultural fields (Han et al. 
2007) and grasslands (Wang et al. 2009). During 

soil respiration measurements, multiple samples 
can be taken by placing several sampling collars 
simultaneously, thereby reducing the bias caused 
by soil heterogeneity. This method is based on the 
assumed linear relationship between root biomass 
and the amount of CO2 respired by roots and 
rhizosphere microorganisms.

The microbial respiration rates were estimated 
indirectly by the relationships between soil res-
piration and root biomass. In terms of the soil 
respiration rates from the two measurement po-
sitions (on a plant and between plants) and their 
corresponding root biomass values, a set of linear 
regressive relationships between soil respiration 
rates (Rs) and root biomass (B) were developed on 
each measurement occasion from November 22, 
2009 to April 17, 2010 (Figure 2). The soil respira-
tion values with zero biomass could be interpreted 
as the minimum rate for microbiological activity 
alone (Kucera and Kirkham 1971). Microbial res-

Figure 2. Linear relationships between soil respiration rate and root biomass at different observed times
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piration inferred from the equations at zero root 
biomass averaged 127.16 mg CO2/m2/h, ranging 
from 70.67 mg CO2/m2/h (December 20, 2009) to 
183.77 mg CO2/m2/h (March 27, 2010).

In this study, microbial respiration rates were 
also observed directly from the between rows 
measurement positions owing to without root in 
the soil. The observed microbial respiration rates 
in each month were 112.73, 87.54, 79.81, 83.28, 
103.22 and 127.41 mg CO2/m2/h from November 
2009 to April 2010. The mean observed microbial 
respiration rates during the whole experiment 
was 99.00 mg CO2/m2/h. The observed microbial 
respirations were lower than those from the re-
gression method except December 20, 2009. Our 
result was consistent with the results reported by 
Chen et al. (2008) but in contrast with the results 
reported by Jia et al. (2006).

One important uncertainty of the approach was 
that high variation of root biomass and CO2 flux 
led to a relatively low R2 (Kucera and Kirkham 
1971). This caveat is especially important if the 
regression line has to be extrapolated far outside 
the root biomass range to calculate the soil organic 
matter derived CO2 efflux. From Figure 2 it can 
be seen that the determination coefficients (R2) 
between soil respiration rate and root biomass 
ranged from 0.69 to 0.94. The correlation between 
soil respiration and root biomass was positive and 
significant. Additionally, the regression line on 
each sampling date was not needed to extrapolate 
far outside the measured root biomass range to 
calculate soil organic matter derived CO2 efflux. 
Therefore, the basic assumption of this study is 
valid. The other shortcoming is that increasing 
root biomass is strongly correlated with the quan-
tity of large, older roots, which respire and exude 

much less C than fine, young roots (Behera et al. 
1990). However, Kuzyakov (2006) remarked that 
this shortcoming was actually minor compared to 
those of other methods (e.g. tree girdling, shading 
and clipping, root exclusion technique where soil 
was disturbed).

Root respiration. Based on the estimated soil 
microbial respiration rates and the corresponding 
soil respiration rates, root respiration rates were 
estimated (Table 1). The mean root respiration 
rate during the whole experiment was 116.66 mg 
CO2/m2/h, ranging from 21.99 mg CO2/m2/h 
(November 22, 2009) to 193.09 mg CO2/m2/h 
(March 27, 2010). Root respiration rates increased 
sharply from January 28 to February 28 (Table 1), 
a period that was characterized by rapid root pro-
ductivity (Figure 3). The higher root respiration 
rates may have resulted from high physiological 
activity associated with root growth (Högberg et 
al. 2001).

Models based on physiological and biochemical 
mechanisms of CO2 exchange assume that plant 
respiration is proportional to the mass of plat dry 
matter (Gifford 2003). So root respiration coef-
ficient (mg C-CO2/g C/h) was calculated from 
root respiration rates and dry root weights. Root 
respiration coefficient ranged from 0.41 to 5.39 mg 
C-CO2/g C/h during the growing season (Figure 4). 
Root respiration coefficients were higher in the 
early stage and decreased sharply with time and 
became almost constant in the late stage. Jia et al. 
(2006) and Chen et al. (2008) both reported the 
similar results. Root respiration coefficient was 
negatively correlated with the aboveground and 
belowground biomass during the rape growing sea-
son (Figures 3 and 4). Root respiration coefficient 
was mainly dependent on the development stages, 

Table 1. Root contribution to soil respiration during the rape growing season

Sampling date
Rs Rm Rr Rr/Rs 

(%)(mg CO2/m2/h)

November 22, 2009 151.89 129.90 21.99 14.48

December 20, 2009 121.40 70.67 50.73 39.97

January 28, 2010 169.14 99.28 69.86 41.30

February 28, 2010 275.95 103.14 172.81 62.62

March 27, 2010 376.86 183.77 193.09 54.55

April 17, 2010 367.66 176.20 191.46 52.07

Rs – soil respiration; Rm – microbial respiration; Rr – root respiration
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being remarkably high in young seedlings (i.e. low 
biomass), then decreasing rapidly and tending 
to be constant with growth (i.e. high biomass). 
Root respiration coefficient was also negatively 
correlated with root/shoot ratio (Figures 3 and 4). 
The smallest root/shoot ratio corresponded with 
the highest root respiration coefficient at initial 
stage, showing that rapid respiration of young root 
might mainly support for aboveground growth. 
The increasing root/shoot ratio along with plant 
growth showed that more photosynthates were 
allocated to belowground structures, a process 
of accumulation for the next year’s growth, while 
root respiration coefficient declined.

Root respiration coefficients had a significant 
positive relationship with root N contents (Figure 4). 

Plant respiration is partitioned into construction 
respiration that used for construction of new tis-
sues and maintenance respiration that used for 
maintenance of existing tissues. Respiration, es-
pecially maintenance respiration, has been linked 
with tissue N content (Ryan 1991) because typically 
90% of the N in plant cells is protein. Maintenance 
respiration and protein are linked because main-
tenance respiration may support protein repair 
and replacement (about 20% of the maintenance 
respiration, Bouma et al. 1994), and because other 
maintenance process such as ion transport may be 
correlated with protein content (Vose and Ryan 
2002). Ryan et al. (1996) demonstrated that efflux 
of CO2 from fine roots was linearly related to root 
N content in Pinus radiata in Australia. Vose and 
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Ryan (2002) found that a significant correlation 
existed between coarse root respiration and root 
N content in a white pine forest in USA. Sun et 
al. (2004) and Chen et al. (2008) both observed a 
positive correlation between wheat root respira-
tion coefficient and root N content.

Proportion of root respiration to soil respi-
ration. The contribution of root respiration to 
soil respiration gradually increased in the early 
stage and reached its maximum in February, then 
declined slowly to the harvest (Table 1). Average 
proportion of root respiration to soil respiration 
was 44.17%, ranging from 14.48% (November) to 
62.62% (February). The proportions of root respi-
ration to soil respiration increased gradually with 
the increase of root biomass (Table 1 and Figure 3). 
These results suggested soil respiration was domi-
nated by microbial respiration in the early growing 
season and by root respiration in the late growing 
season.

In a maize agricultural field in Northeast China 
the proportions of root respiration to soil respi-
ration was 54.5% ranging from 43.1% to 63.6% 
(Han et al. 2007), and 32% (ranging from 18% to 
54.3%) in a winter wheat field in North China 
Plain (Zhang et al. 2009). Hanson et al. (2000) 
presented that the annual average contribution of 
root respiration of the soil respiration was 60.4% in 
a non-forest ecosystems. These results are similar 
with our results.

In conclusion, the contribution of root respiration 
to soil respiration in the rape growing season in 
Southwest China was estimated by the regression 
method in this study. Root respiration rates in-
creased with time during the rape growing season, 
especially from January 28 to February 28, there 
was a sharp increase. Average proportion of root 
respiration to soil respiration was 44.17% dur-
ing the growing season, ranging from 14.48% to 
62.62%. Root respiration coefficient was negatively 
correlated with root/shoot ratio, aboveground and 
belowground biomass, but positively correlated 
with root N content during the growing season.

REFERENCES

Behera N., Joshi S.K., Pati D.P. (1990): Root contribution to total 
soil metabolism in a tropical forest soil from Orissa, India. 
Forest Ecology and Management, 36: 125–134.

Bouma T.J., De Visser R., Janssen J.H.J.A., De Kock M.J., Van 
Leeuwen P.H., Lambers H. (1994): Respiratory energy require-

ments and rate of protein turnover in vivo determined by the 
use of an inhibitor of protein synthesis and a probe to assess 
its affect. Physiologia Plantarum, 92: 585–594.

Bremner J.M. (1960): Determination of nitrogen in soil by the 
Kjeldahl method. Journal of Agricultural Science, 55: 11–33.

Chen S.T., Gu M., Jia L.M., Huang Y. (2008): Soil autotrophic and 
heterotrophic respiration in a soil-winter wheat system during 
turning green-elongation periods. Acta Scientiae Circumstan-
tiae, 28: 937–944. (In Chinese)

Gifford R.M. (2003): Plant respiration in productivity models: 
Conceptualisation, representation and issues for global ter-
restrial carbon-cycle research. Functional Plant Biology, 30: 
171–186.

Han G.X., Zhou G.S., Xu Z.Z., Yang Y., Liu J.L., Shi K.Q. (2007): 
Spatial heterogeneity of soil respiration and contribution of 
root respiration in a maize (Zea mays L.) agricultural field. 
Acta Ecologica Sinica, 27: 5254–5261. (In Chinese)

Hanson P.J., Edwards N.T., Garten C.T., Andrews J.A. (2000): 
Separating root and soil microbial contributions to soil respira-
tion: A review of methods and observations. Biogeochemistry, 
48: 115–146.

Högberg P., Nordgren A., Buchmann N., Taylor A.F.S., Ekblad 
A., Högberg M.N., Nyberg G., Ottosson-Löfvenius M., Read 
D.J. (2001): Large-scale forest girdling shows that current 
photosynthesis drives soil respiration. Nature, 411: 789–792.

Jia B.R., Zhou G.S., Wang F.Y., Wang Y.H., Yuan W.P., Zhou L. 
(2006): Partitioning root and microbial contributions to soil 
respiration in Leymus chinensis populations. Soil Biology and 
Biochemistry, 38: 653–660.

Killham K., Yeomans C. (2001): Rhizosphere carbon flow meas-
urement and implications: From isotopes to reporter genes. 
Plant and Soil, 232: 91–96.

Kucera C.L., Kirkham D.R. (1971): Soil respiration studies in 
tallgrass prairie in Missouri. Ecology, 52: 912–915.

Kuzyakov Y. (2006): Sources of CO2 efflux from soil and review 
of partitioning methods. Soil Biology and Biochemistry, 38: 
425–448.

Li Z.G., Wang X.J., Zhang R.H., Zhang J., Tian C.Y. (2011): Con-
trasting diurnal variations in soil organic carbon decomposi-
tion and root respiration due to a hysteresis effect with soil 
temperature in a Gossypium s. (cotton) plantation. Plant and 
Soil, 343: 347–355.

Liu Y., Han S.J., Zhou Y.M., Li X.F. (2007): Soil and root respiration 
under elevated CO2 concentrations during seedling growth of 
Pinus sylvestris var. sylvestriformis. Pedosphere, 17: 660–665.

Longdoz B., Yernaux M., Aubinet M. (2000): Soil CO2 efflux 
measurements in a mixed forest: Impact of chamber distances, 
spatial variability and seasonal evolution. Global Change Biol-
ogy, 6: 907–917.

Mu Z., Kimura S.D., Toma Y., Hatano R. (2008): Nitrous oxide 
fluxes from upland soils in central Hokkaido, Japan. Journal 
of Environmental Sciences, 20: 1312–1322.

Plant Soil Environ. Vol. 60, 2014, No. 1: 8–14



14 

Norman J.M., Kucharik C.J., Gower S.T., Baldocchi D.D., Crill P.M., 
Rayment M., Savage K., Striegl R.G. (1997): A comparison of 
six methods for measuring soil-surface carbon dioxide fluxes. 
Journal of Geophysical Research, 102: 28771–28777.

Ryan M.G. (1991): Effects of climate change on plant respiration. 
Ecological Applications, 1: 157–167.

Ryan M.G., Hubbard R.M., Pongracic S., Raison R.J., McMurtrie 
R.S. (1996): Foliage, fine-root, woody-tissue and stand res-
piration in Pinus radiata in relation to nutrient status. Tree 
Physiology, 16: 333–343.

Schimel D.S. (1995): Terrestrial ecosystems and the carbon cycle. 
Global Change Biology, 1: 77–91.

Sun W.J., Huang Y., Chen S.T., Yang Z.F., Zheng X.H. (2004): 
CO2 emission from soil-crop system as influenced by crop 
growth and tissue N content. Environmental Science, 25: 1–6. 
(In Chinese)

Corresponding author:

Dr. Changsheng Jiang, Southwest University, College of Resources and Environment, Chongqing, P.R. China
e-mail: jiangcs@126.com

Vose J.M., Ryan M.G. (2002): Seasonal respiration of foliage, fine 
roots, and woody tissues in relation to growth, tissue N, and 
photosynthesis. Global Change Biology, 8: 182–193.

Wang W., Feng J., Oikawa T. (2009): Contribution of root and 
microbial respiration to soil CO2 efflux and their environmental 
controls in a humid temperate grassland of Japan. Pedosphere, 
19: 31–39.

Zhang X.S., Shen S.H., Xie Y.S., Deng A.J. (2009): Contribution of 
root respiration to total soil respiration in winter wheat field 
in north China plain. Chinese Journal of Agrometeorology, 30: 
289–296. (In Chinese)

Zhang J.K., Jiang C.S., Hao Q.J., Tang Q.W., Cheng B.H., Li H., 
Chen L.H. (2012): Effects of tillage-cropping systems on meth-
ane and nitrous oxide emissions from agro-ecosystems in a 
purple paddy soil. Environmental Science, 33: 1979–1986. 
(In Chinese)

Received on June 13, 2013
Accepted on December 18, 2013

Vol. 60, 2014, No. 1: 8–14 Plant Soil Environ.


