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Abstract 
Quantifying methane (CH4) emissions from cultivated rice (Oryza sativa L.) production in the field 
has received increased attention recently due to methane’s importance as a greenhouse gas. The 
enclosed-headspace chamber technique is the standard methodology for field assessments of 
trace gas emissions. However, to our knowledge, no direct comparisons of measured CH4 fluxes 
and emissions from field-grown rice among differing chamber sizes have been reported. There-
fore, the objective of this study was to evaluate the effect of chamber size [15.2- and 30.4-cm inside 
diameter (id)] on CH4 fluxes and season-long emissions from rice grown on a clay soil in Arkansas. 
Chamber size did not affect (P > 0.05) CH4 fluxes on 10 sampling dates during the flooded portion 
of the rice growing season and only affected fluxes on one of four sampling dates after flood re-
lease. Total season-long CH4 emissions from optimally N-fertilized rice were 32.6 and 35.6 kg 
CH4-C ha−1∙season−1, which did not differ, and from bare clay soil were 0.74 and 1.75 kg CH4-C 
ha−1∙season−1, which also did not differ, from the 15.2- and 30.4-cm chambers, respectively. 
Chamber size (i.e., 15.2- or 30.4-cm id) did not result in differences in cumulative CH4 emissions 
from this flooded-rice study that was conducted on a Sharkey clay soil in northeast Arkansas. Re-
sults indicate that both 15.2- and 30.4-cm diameter chambers were similarly adequate for mea-
suring CH4 fluxes and emissions from the clay soil investigated. The similarity in emissions results 
between chamber sizes also indicates that the 15.2-cm diameter chambers adequately facilitated 
the quantification of CH4 emissions in this study. 
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1. Introduction 
Rice (Oryza sativa L.) is one of the main staple food crops for much of the world’s population, with direct hu-
man consumption accounting for 85% of rice production compared to 72% and 19% for wheat (Triticum aesti-
vum L.) and maize (Zea mays L.), respectively [1]. However, globally, agriculture accounts for 47% of total 
anthropogenic methane (CH4) emissions, with 64% and 22% of agricultural CH4 emissions resulting from en-
teric fermentation and rice cultivation, respectively [2] [3]. Agricultural activities account for 33% of CH4 emis-
sions in the United States (US), of which enteric fermentation is responsible for approximately 70% and rice 
cultivation is responsible for 3.7% [4]. Methane emissions from cultivated agricultural activities are significant 
since CH4 is a greenhouse gas and has a global warming potential that is 25 times greater than that of CO2 [5]. 

For field assessments of trace gas emissions, the enclosed-headspace chamber technique is the standard me-
thodology [6] [7]. Livingston and Hutchinson [6] suggested that chamber areas typically range from 175 cm2 
[i.e., 15.2-cm inside diameter (id)] to 1 m2, and that chamber areas of 500 to 900 cm2 (i.e., 25- to 34-cm id, re-
spectively) are most common. The 15.2-cm id has also been suggested as the minimum chamber size to use in 
assessing trace gas emissions [7]. Thus, there is clearly no uniform chamber size associated with the enclosed- 
headspace chamber technique. 

Recently, several field studies have used multiple chamber diameters to quantify CH4 emissions. Denier van 
der Gon et al. [8] used 20-cm diameters chambers to assess CH4 emissions from a clay soil in a pot study at the 
International Rice Research Institute in the Philippines. Rogers et al. [9] used 15.2-cm diameter chambers in a 
field study on a silt-loam soil in central Arkansas. Rogers et al. [10] used 30.4-cm diameter chambers in a field 
study on a similar silt-loam soil in central Arkansas. Simmonds et al. [11] used 30-cm diameter chambers on a 
silt-loam soil in central Arkansas and a silty-clay in California. 

For a variety reasons, there is potential for variation in chamber diameters used in the field for quantifying 
trace gas emissions. Resource limitations may require smaller chambers to be constructed. Logistics of the crop 
to be studied and field installations may necessitate the use of smaller-diameter chambers. In particular, if stu-
dies are interested in differentiating between in-row and between-row emissions, then chamber diameter may be 
limited by plant spacing [9]. Statistical considerations may dictate larger chambers as larger chambers tend to 
mask spatial variability by integrating measurements over a larger soil area [6] [7]. Smaller chambers may be 
desirable in studies examining environmental gradients [6] [7]. 

Though there are a number of reasons for potential chamber-diameter variations, to our knowledge, no direct 
comparisons of measured CH4 fluxes and emissions from field-grown rice among differing chamber sizes have 
been reported. Therefore, the objective of this study was to evaluate the effect of chamber size (15.2- and 30.4- 
cm id) on CH4 fluxes and season-long emissions from rice grown on a clay soil in Arkansas. It was hypothesized 
that CH4 fluxes would be more variable from the 15.2-cm chamber due to the smaller footprint, thus differences 
in fluxes between chamber sizes would likely not be measured, but that season-long emissions would be greater 
from the 30.4-cm chamber due to the greater potential for microsite inclusion in the larger area. 

2. Materials and Methods 
2.1. Site Description 
A field research study was conducted throughout the 2012 rice growing season (i.e., April to September) at the 
University of Arkansas System Division of Agriculture Northeast Research and Extension Center in Keiser, Ar-
kansas (35˚40'N 90˚05'W). The soil throughout the study area was mapped as a Sharkey clay (very-fine, smec-
titic, thermic Chromic Epiaquerts) [12], which was derived from alluvial sediments in the lower Mississippi 
River flood plain, and has been in a rice-soybean [Glycine max (L.) Merr.] rotation for >25 years. The mean an-
nual air temperature throughout the region is 15.5˚C and the mean annual precipitation is 126 cm [13]. 

2.2. Treatments and Experimental Design 
Small (15.2-cm id) and large (30.4-cm id) chambers were installed in replicated plots (n = 4 per treatment com-
bination) containing optimally nitrogen (N)-fertilized rice and no rice (i.e., bare soil). A randomized completed 
block (RCB) split-plot design was used, with the whole-plot factor being vegetation (i.e., rice or no rice) and the 
split-plot factor being chamber size (i.e., 15.2- or 30.4-cm). Sample date (i.e., time) was also treated as a re-
peated measure since flux measurements were made periodically throughout the growing season. 
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2.3. Field and Plot Management 
Crop residues were incorporated by disking to a depth of ~15 cm followed by land planing the previous fall to 
prepare the seed bed. Plots (1.6 m wide by 5.0 m long) were seeded at an 18-cm row spacing with the standard 
stature, pure line, long-grain rice cultivar ‘Taggart’ at a rate of 112 kg∙ha−1, which resulted in nine rice rows per 
plot. This cultivar was used due to its frequent use throughout the region at the time and its high yield potential 
[14]. Based on 18-cm row spacing and the surface area enclosed by each chamber, 10 and 40 cm of total row 
length of plants were included in the small (15.2-cm id) and large chambers (30.4-cm id), respectively, in order 
to duplicate the plant density of the field plots in both chamber sizes. 

After planting, levees were constructed to create a single bay of rice when the permanent flood was estab-
lished at the 4 - 6 leaf stage. Nitrogen, in the form of urea (46% N), was hand applied to individual vegetated 
plots only at 150 kg N ha−1 one day prior to flood establishment [15]. A typical mid-season split application of 
50 kg N ha−1 as urea was made at the beginning of internode elongation to the vegetated plots only. A 5 to 10 cm 
flood depth was maintained throughout the growing season. Table 1 summarizes the dates of major agronomic 
activities that occurred in the field. 

2.4. Methane Sampling and Analysis 
A methodology using enclosed-headspace gas sampling chambers [6] [7] was used in this study. Similar field 
methods have been used previously in Arkansas [9] [10]. 

Small (15.2-cm id) and large (30.4-cm id) base collars (30 cm tall), extensions (40 and 60 cm long), and caps 
(10 cm tall) were constructed out of Schedule 40 polyvinyl chloride (PVC) pipe (Figure 1). Base collars were 
beveled to a 45˚ angle on the bottom to facilitate installation into the soil and had four 12.5-mm holes drilled just 
above the soil surface to allow water movement into and out of the base collar. After flood release, the holes 
were plugged with gray butyl-rubber septa (Voigt Global, part # 73828A-RB, Lawrence, KS) during sampling. 
To accommodate the growth of the rice plants over the course of the growing season, chamber extensions of va-
rying lengths were used to adjust the chamber height. To minimize temperature fluctuations inside the chambers, 
chamber extensions and caps were covered with reflective aluminum tape (CS Hyde, Mylar metalized tape, 
Lake Villa, IL). Chamber extensions were secured to base collars using sections of tire inner tube. 

Chamber caps had a 5-mm thick flat sheet of PVC glued to the top with a 15-cm section of 4.5-mm id copper 
tubing installed in the side of each cap as a vent. Gray butyl-rubber septa were installed into 12.5-mm holes 
drilled in the top of each cap to serve as a sampling port and a port for measuring the temperature inside the 
chamber. A 2.5-cm diameter, 9-V battery-powered fan was also installed on the underside of each cap to mix the 
headspace inside the chamber. Sections of tire inner tube were also used to secure the caps to the extensions. To 
minimize soil disturbance after the flood was established, wood planking was installed on concrete blocks for 
access to all chambers in the field plots. The base collars were installed one week prior to sampling, just after in-
itiating flood establishment. 
 

Table 1. Summary of dates for major agronomic field activities involved in the man-
agement of methane emissions plots for the 2012 rice growing season at the Universi-
ty of Arkansas System Division of Agriculture Northeast Research and Extension 
Center in Keiser, Arkansas.                                                           

Field Activity Date 

Planting 2 April 

Emergence 30 April 

Pre-flood Fertilizer Application 7 June 

Flood Establishment 8 June 

Mid-season Fertilizer Application 10 July 

Flood Release 23 August 

Harvest 11 September 
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(a)                                              (b) 

 
(c)                                             (d) 

 
(e)                                            (f) 

Figure 1. Selected images of the different chamber sizes in the field. Both chamber sizes win a plot with 
no rice plants (a). Both chamber sizes in a plot with rice plants (b). Syringe sampling the 30.4-cm diameter 
chamber through the cap (c). Syringe sampling the 15.2-cm diameter chamber through the cap (d). Both 
chambers in multiple field plots (e). Both chambers in multiple field plots while measuring the flood depth 
(f).                                                                                         

 
Methane fluxes were measured weekly between flood establishment and flood release (i.e., 10 times total) and 

every other day after flood release (i.e., four times total). Approximately 16 hours prior to sampling, rice plants 
were carefully bundled together with tie wire prior to installing the chamber extensions. Once the chamber ex-
tensions had been set in place, the tie wire was removed to minimize plant disturbance. The following morning, 
gas sampling occurred between 0800 and 1000 hours. Gas samples were collected from the chamber headspace 
at 0, 20, 40, and 60 minutes after capping the chamber. A 20-mL B-D syringe (Beckton Dickson and Co., Frank- 
lin Lakes, NJ) was inserted into each chamber through the gray butyl-rubber septa at the top of the cap (Figure 
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1). After collection of a 20-mL gas sample from the mixed chamber headspace, samples were transferred into 
pre-evacuated 10-mL, crimp-top glass vials (Agilent Technologies, part # 5182-0838, Santa Clara, CA). Me-
thane gas standards were also collected in the field following chamber sampling to evaluate potential leakage 
prior to actual analysis. 

Within 48 hours of collection, all gas samples were analyzed on an Agilent 6890-N gas chromatograph (Agi-
lent Technologies) equipped with a flame-ionization detector and a 30-m-long HP-Plot-Q capillary column 
(Agilent Technologies). Methane concentrations in µL∙L−1 were determined by peak-area response from the re-
sulting chromatograms. As described by Parkin and Venterea [7] and according to the Ideal Gas Law, fluxes in 
mg CH4 m−2∙hr−1 were calculated by linear regression using the four concentration measurements per chamber 
and the chamber volume, temperature, and atmospheric pressure measured during sampling. The resulting r2 
values from the linear regressions were always greater than 0.9. Linear interpolation between measurement dates 
was used to calculate season-long CH4 emissions from each chamber. 

2.5. Plant Sampling 
At physiological maturity, all aboveground dry matter (DM) from inside the chambers of both sizes was col-
lected from the vegetated plots. Similarly, plants were cut at the soil surface and collected from one, 1-m row 
length in each vegetated plot to assess aboveground DM in the bulk plot. All plant samples were dried at 60˚C 
for 96 hr and weighed. About three weeks after flood release, panicles from three, 1-m row lengths of rice were 
hand-harvested from each vegetated plot, dried at 60˚C for 96 hr, manually threshed, and weighed for yield de-
terminations. Yields are reported at a grain moisture content of approximately 120 g∙kg−1. 

2.6. Statistical Analyses 
The effects of vegetation, chamber size, and their interaction on CH4 fluxes throughout the growing season were 
evaluated by analysis of variance (ANOVA) in SAS (version 9.2, SAS Institute, Inc., Cary, NC) using PROC 
Mixed based on a RCB split-plot repeated-measures design, where the whole-plot factor was vegetation, the 
split-plot factor was chamber size, and time was treated as a repeated measure. Due to differences in mechan-
isms of CH4 release and sampling intervals, flux data were analyzed separately from flooding to flood release 
and after flood release (i.e., post-flood release). A separate ANOVA was conducted to evaluate the effects of 
vegetation, chamber size, and their interaction on season-long, area-scaled emissions, post-flood-release emis-
sions, and post-flood-release emissions expressed as a percentage of season-long emissions. In addition, above-
ground dry matter was analyzed by ANOVA based on a RCB design with three sampling locations (i.e., inside 
the 15.2-cm chambers, inside the 30.4-cm chambers, and in the bulk plot). Fisher’s protected least significant 
difference, at the α = 0.05 level, was used when appropriate for means separations. 

3. Results and Discussion 
3.1. Methane Fluxes 
Similar to that hypothesized, chamber size did not affect (P > 0.05) measured CH4 fluxes between flooding and 
flood release (Table 2). However, CH4 fluxes differed (P < 0.001) between vegetation treatments over time 
(Table 2). In the first few weeks after flood establishment, averaged across chamber size, CH4 fluxes were low 
and near zero in both treatments as the soil oxidation-reduction potential was decreasing due to the persistence 
of the flood. This result is similar to previous observations from a silt-loam soil [9] [10]. In contrast, after about 
three weeks from flood establishment, averaged across chamber size, the optimally N-fertilized rice consistently 
maintained greater CH4 fluxes throughout the remainder of the growing season until flood release. This result is 
also similar to previous observations from a silt-loam soil [9] [10]. 

Similar to during the flooded period of the rice growing season, after flood release, CH4 fluxes differed (P = 
0.007) between vegetation treatments over time (Table 2). Averaged across chamber size, a significant post- 
flood-release CH4 pulse (i.e., increased flux) occurred from the bare soil at 5 days after flooding (DAFR), while 
no pulse occurred from the vegetated treatment (Table 2). However, in contrast to during the flooded period and 
similar to that hypothesized, CH4 fluxes also differed (P = 0.007) between chamber sizes over time (Table 2). 
Averaged across vegetation treatments, CH4 fluxes from the 30.4-cm chambers were greater than those from the 
15.2-cm chambers at 5 DAFR, while fluxes on the other three post-flood-release sample dates were unaffected  
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Table 2. Analysis of variance summary of the effects of rice vegetation, chamber size, time, and their interactions on 
methane fluxes from flooding to flood release and following flood release from a clay soil during the 2012 growing sea- 
son at the Northeast Research and Extension Center in Keiser, Arkansas.                                        

Source of Variation 
Measurement Period 

Flooding to Flood Release Post-Flood Release 

 ___________________________P___________________________ 

Vegetation <0.001 0.897 

Chamber Size 0.788 0.320 

Vegetation × Chamber Size 0.795 0.147 

Time <0.001 0.001 

Vegetation × Time <0.001 0.007 

Chamber size × Time 0.773 0.007 

Vegetation × Chamber Size × Time 0.768 0.183 

 
by chamber size. The chamber-size effect may have been due to differential soil drying that occurred within the 
base collars of different dimensions. The post-flood-release pulse measured in this study at 5 DAFR was similar 
to that reported previously from a silt-loam soil [9] [10]. Despite a chamber-size effect on one sample date after 
flood release, all post-flood-release fluxes were small, <2.75 mg CH4-C m−2∙hr−1. Furthermore, post-flood-   
release emissions have been reported to only account for approximately 10% of the total season-long emissions 
from a silt-loam soil in eastern Arkansas [9]. 

Though chamber size did not affect measured fluxes prior to flood release, it is possible that the differing di-
mensions could have affected the gradient inside the chambers over the 1-hr measurement cycle. If the gradient 
was affected such that the concentrations leveled off after some time, then the linear regression approach to cal-
culate the chamber flux using the four concentrations measurements may be erroneous. However, in contrast to 
Rogers et al. [16] where non-linear concentrations were measured at times from a silt-loam soil, none of the 
measurements from either chamber size in this study exhibited any indication of a non-linear CH4 concentration 
increase over time (i.e., increasing CH4 concentrations within the chambers did not substantially affect the mo-
lecular diffusion gradient). This result indicated that both 15.2- and 30.4-cm diameter chambers appear suitable 
for measuring CH4 fluxes from flooded rice grown on a clay soil with relatively low resulting season-long CH4 
emissions. 

3.2. Seasonal Methane Emissions 
In contrast to that hypothesized, chamber size did not affect (P > 0.05) season-long area-scaled emissions, post- 
flood-release emissions, or the post-flood-release emissions as a proportion of total emissions, while vegetation 
affected both season-long, area-scaled emissions (P < 0.001) and post-flood-release emissions as a proportion of 
total emissions (P = 0.005; Table 3). Total season-long, area-scaled CH4 emissions from the optimally N-ferti- 
lized rice were 32.6 and 35.6 kg CH4-C ha−1∙season−1 from the 15.2- and 30.4-cm chambers, respectively, which 
did not differ and averaged 34.1 kg CH4-C ha−1∙season−1 (Table 4). Furthermore, chamber size did not impact (P 
= 0.951) aboveground DM as 2.71 kg DM m−2 accumulated inside the 15.2-cm chambers compared to 2.77 kg 
DM m−2 inside the 30.4-cm chambers, while the bulk plot accumulated 2.83 kg DM m−2. Total season-long, 
area-scaled CH4 emissions from the bare soil were 0.74 and 1.75 kg CH4-C ha−1∙season−1 from the 15.2- and 
30.4-cm chambers, respectively, which did not differ, and averaged 1.25 kg CH4-C ha−1∙season−1, which was 
significantly lower than that from the optimally N-fertilized rice (Table 4). 

The differences in emissions observed between the bare soil and optimally N-fertilized rice were consistent 
with results previously reported from a silt-loam soil in Arkansas [9] [10]. The similarity in emissions results 
between chamber sizes indicates that the 15.2-cm diameter chambers adequately facilitated the quantification of 
CH4 emissions in this study. The post-flood-release emissions as a proportion of total emissions were signifi-
cantly greater from the bare soil (51%) than from the optimally N-fertilized rice (2%; Table 4). This result sup- 
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Table 3. Summary of the effects of rice vegetation, chamber size, and their interaction on methane (CH4) emissions from a 
clay soil during the 2012 growing season at the Northeast Research and Extension Center in Keiser, Arkansas.                 

Emissions Property Vegetation Chamber Size Vegetation × Chamber Size 

 _________________________________P_______________________________ 

Total Area-Scaled Emissions (kg CH4-C ha−1∙season−1) < 0.001 0.737 0.869 

Post-Flood-Release Emissions (kg CH4-C ha−1) 0.723 0.249 0.164 

Post-Flood Emissions (% of Total Emissions) 0.005 0.096 0.083 

 
Table 4. Seasonal methane (CH4) emissions for unvegetated and high-vegetation rice treatments measured with 15.2- and 
30.4-cm inside-diameter chambers from a clay soil during the 2012 growing season at the Northeast Research and Extension 
Center in Keiser, Arkansas.                                                                                        

Property/Chamber Size Bare Soil Vegetated Mean 

Area-Scaled Emissions (kg CH4-C ha−1∙season−1) 

15.2-cm 0.74 32.6 16.7 A‡ 

30.4-cm 1.75 35.6 18.7 A 

Mean 1.25 b† 34.1 a  

Post-Flood Emissions (kg CH4-C ha−1) 

15.2-cm 0.32 0.73 0.53 A‡ 

30.4-cm 1.27 0.62 0.95 A 

Mean 0.80 a† 0.68 a  

Post-Flood Emissions (% of Total Emissions) 

15.2-cm 38.6 2.3 20.5 A‡ 

30.4-cm 63.5 1.6 32.6 A 

Mean 51.0 a† 2.0 b  
†Different lower-case letters within a row for a measured property indicate differences among vegetation treatments (P < 0.05); ‡Different upper-case 
letters within a column for a measured property indicate differences between chamber-size treatments (P < 0.05). 
 
ports previous reports that the presence of the rice plants greatly facilitate passive transport of CH4 from the soil 
to the atmosphere throughout the flooded portion of the rice growing season [9] [10]. In contrast, CH4 builds up 
in the soil where rice plants are not present (i.e., the bare-soil treatment in this study) until the overlying flood-
water is removed, thus allowing for rapid escape of the entrapped CH4 and the post-flood-release pulse of CH4 
observed in this and previously in other studies. 

Regardless of chamber size, the magnitude of season-long CH4 emissions measured in this study from a clay 
soil in northeast Arkansas is low compared to similar studies conducted on silt-loam soils in Arkansas [9] [11]. 
Furthermore, the average season-long CH4 emissions measured in this study from optimally N-fertilized rice is 
substantially lower than the US Environmental Protection Agency’s reported emissions factor of 178 kg CH4-C 
ha−1∙season−1 for non-California-grown, primary-crop rice production [4]. 

4. Conclusion 
Chamber size did not affect CH4 fluxes during the flooded portion of the rice growing season and only affected 
fluxes on one of four samples dates after flood release. Results indicate that both 15.2- and 30.4-cm diameter 
chambers were similarly adequate for measuring CH4 fluxes and emissions from the clay soil investigated in this 
study. Therefore, chamber size does not appear to be an important feature of CH4 emissions studies that would 
compromise results from relatively homogeneous study areas and/or from soils that have relatively low season- 
long CH4 emissions. If material supplies and/or costs are limiting factors or other logistical constraints require 
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diameter-limited chambers, such as for in-row and between-row comparisons, the smaller, 15.2-cm-diameter 
chamber size may be the more logical choice. When material supplies and/or costs or other constraints are not 
limiting factors, then the larger, 30.4-cm diameter chambers would likely be preferred. 
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