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A new automated technique for measuring respiration in soil samples 
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Abstract 
An automated 36 place valve to provide continuous soil respiration measurements was constructed. The 

valve is fully computer controlled and can sample and purge the soil atmosphere as frequently as every 75 
minutes. The concentrations, automatically measured by the valve, are essentially identical to those meas- 
ured manually by gas chromatography in the concentration range of 0. I to 1% CO2, and are kept in this 
range by adjusting the mass of soil and the sampling frequency. Data are transferred automatically to a 
computer spreadsheet program for data handling and plotting on either a rate or cumulative basis. The 
system has proved reliable over many thousands of analyses and has made detailed analysis o f  microbial 
activity on a continuous basis possible. 

Introduction 

The continuous measurement of soil respiration 
over short time intervals is a necessity in accessing 
the biological activity of a soil and the turnover of 
different organic matter fractions. In the past this 
has been accomplished by sealing soil samples and 
sodium hydroxide in a chamber connected to a 
manometer then measuring the pressure change as 
02 is consumed and the resulting CO2 absorbed in 
base (Jenkinson and Powlson, 1976). Although 
accurate, these techniques are labor intensive and 
require careful attention to prevent leaks, and fre- 
quent monitoring to record the pressure changes. 
Soil respiration in the laboratory has been meas- 
ured using jars of a known volume, purging their 
atmosphere with CO 2 free air and passing this 
through an IRGA to measure the CO2 concentra- 
tion (Edwards, 1982). For measurements of the soil 
atmosphere gas chromatography has been em- 
ployed extensively (Rolston et al., 1976; Smith and 
DowdeU, 1973), and automated systems have been 
constructed to automatically measure samples 
from the field (Smith and Dowdell, 1973; Smith et 

al., 1970), with recent techniques allowing the use 
of computer control and data calculation (Parkin, 
1985). 

In order to frequently measure the respiration of 
soils incubated in the laboratory a fully automated 
sampling system was constructed, using purged 
incubation jars, CO2 measurement by gas chro- 
matography, and computer control. Although the 
major parts of the system were specially machined, 
commercial valves are available that would appear 
from the manufactures specifications to be suitable 
for this application. Recent improvements in com- 
puters and commercially available control boards 
greatly simplify the control of such systems and 
allows the operator great flexibility through the use 
of software. 

183 

Materials and methods 

A sampling valve system was constructed as 
shown in Fig. 1. The basic core of the system is the 
36 port valve machined from aluminum with the 
sealing surface of Teflon pressed against buna O 
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rings, and turned by a geneva drive rotor. Pneu- 
matically this is functionally equivalent to the 16 
place Valco model ST valve, (Valco Instruments 
Co. Inc., P.O. Box 55603 Houston, Texas 77255 
USA). The valve is operated by an IBM PC com- 
puter (International Business Machines Corpora- 
tion, P.O. Box 1328-W, Boca Raton, Florida 33432 
USA) fitted with a Dascon 1 control board, and 
SRA01 and STA01 modules made by Metrobyte 
Corp. (254 Tosca Dr. Stoughton, MA 02072 USA), 
which in turn control solid state 120v AC relays 
that power the turning motors and valve solenoids. 
The system is controlled by a program written in 
BASIC. 

In operation, 36 separate samples or standards 
are placed in 225 ml mason jars attached to each of 
the ports on the main valve. The computer program 
is started, the time is initialized as time zero for the 
incubation, and the valve rotor is turned until a 
switch on the rotor is closed at position 1. The air 
valve (Dayton model 6X543, W W Granger, Inc., 
7801 Capwell Dr., Oakland, Ca. 94621 USA) is 

then opened and closed rapidly, admitting ap- 
proximately 12 ml of air into the sample container. 
This in turn displaces 12 ml of sample back through 
the individual port of the main valve and through 
the sample injection valve (Vici Condyne model 
LOV-6-6, 693 South Pasadena, Ca. 91105 USA), 
flushing and filling the sample injection loop. The 
system pauses to allow the gas sample in the injec- 
tion loop to return to atmospheric pressure, and 
then injects the sample into the helium stream of 
the gas chromatograph for CO2 analysis. The air 
valve is opened for 90 seconds allowing 3.8 liters of 
air to purge through the jar, 36 port valve and 
injection valve, bringing the CO2 concentration in 
the jar to the atmospheric level. There is a pause of 
20 seconds to allow the jar to return to atmospheric 
pressure, and the rotor is turned to the next posi- 
tion. 

The computer monitors the analog signal from 
the gas chromatograph, measures the peak height, 
and calculates the CO2 concentration. The sample 
time, cumulative hours from the start of the incuba- 
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Fig. 1. 36-port valve, injection valve and control system. 
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Fig. 2. Sample jar for soil incubation. 

tion, and CO2 concentration are printed out on the 
computer printer and stored in memory. At the end 
of the sample run, all the data are stored on floppy 
disk in sequential files named for the time of sam- 
piing. The time required to analyze a sample is 
dependent on the time required to flush a jar. A 
complete 36 cycle takes about 75 minutes if 225 ml 
jars are used. 

The cycle can be run continuously or at set 
periods of  time such as every 2, 4, 6 hours. When 
the computer is not actively running the valve, it 
can be used for other purposes providing the con- 
trolling program is loaded before the next sampling 
time. Data are loaded off the disk directly into a 
Lotus 1-2-3 spreadhseet and graphics program 
(Lotus Development Corp., Cambridge Parkway, 
Cambridge, MA 02142), calculations performed 
and the data graphed. 

Different sizes of jars affect the flushing time. 
Care must be taken to ensure that the inlet tube in 
the jar is longer and placed as far away as possible 
from the outlet tube to ensure as little cross conta- 
mination from the displacing air and the sample 
atmosphere as possible (Fig. 2). Flushing times can 
be shortened by placing soil directly in the jar 
rather than in a beaker in the jar as the beaker 
introduces a dead volume that is difficult to flush. 
Standards are made by injecting a measured 
amount of  100% v/v CO2 gas into the standard jars 
prior to calibration, this is done at the beginning of 
an incubation and every few days thereafter. The 
system has been found to be very consistent over a 
period of weeks. 
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Evaluation o f  automatic valve 
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To test the system, 20 g of different moist soils 
were weighed out into each of 34 jars and placed on 
the valve assembly for a 70 hour incubation. The 
CO2 concentration was measured manually be 
taking a sample through a septa in the jar with a 
syringe, and injecting it into the gas chromatograph 
in a manner similar to that used by Ralston et al. 
(1976). The valve was then allowed to run through 
its cycle, measure the CO2 concentrations and re- 
cord the data. One year later after running the valve 
through many thousands of analyses this test was 
repeated with three standard jars, and five soils 
which were allowed to incubate for three periods of 
four hours each. 

R e s u l t s  

The comparisons of automatic vs. manual meas- 
urement are plotted in Fig. 3. Soils were chosen 
that exhibited a wide range of respiration rates 
resulting in concentrations of 0.2 to 3.2% v/v CO2. 
The linear regression of the data gives an r 2 of 0.98 
but the regression does not pass through zero and 
the accuracy is worse at concentrations over 1.2% 
than below it. Figure 4 shows all data points below 
1.2%, with an r 2 of 0.99 and a regression line that 
passes through zero. Although the two methods are 
in excellent agreement the automatic measurements 
appear to give slightly higher estimates than the 
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Fig. 3. Comparison of automatic and manual carbon dioxide 
concentrations, high concentration range. 
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Fig. 4. Comparison of automatic and manual carbon dioxide 
concentrations, low concentration range. 

manual measurements. This is probably because 
the automatic measurements were made after the 
manual ones resulting in slightly higher CO2 values. 
In our experimental work, the amount of soil and 
the sampling frequency were altered to keep the 
CO2 concentration in the range of 1 to 0.1%. For 
calculations, the background CO2 concentration is 
measured on blanks and subtracted from the total. 

An example of the experimental data generated 
by this equipment is shown in Figure 5. Soil used 
for this experiment was a Mollic hapioxeralf of the 
Argonaut series, sieved moist through a 4 mm sieve, 
and weighed out into containers for the valve as 
four 20 g replicates. Two of these were fumigated 
with chloroform 2, which was removed by vacuum 
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Fig. 5. Example of soil respiration data measured automatically 
with the valve. 

after 18 hours, and the fumigated and control sam- 
ples placed on the valve and measured every 6 
hours for 10 days. 

The data were calculated on a/~gC g-l soil hr-T 
production rate basis using Lotus 1-2-3. This rate 
was then plotted against time. There is a high sen- 
sitivity to changes in CO2 production rate. In the 
fumigated treatment, the CO2 production increased 
rapidly up to 20 hours, then decreased rapidly to 
below that of the control at about 50 hours and 
remained lower till approximately 200 hours. The 
decrease indicates a substantial change in either the 
size, or activity of the microbial flora of the fum- 
igated sample. This effect would not have been 
noticed using more conventional measurement 
techniques. It lends support to the theory that not 
all of the control should be subtracted when cal- 
culating microbial biomass. The difference in CO2 
production between the two controls is apparently 
due to subsampling error from the use of a relative- 
ly coarse sieve. 

Discussion 

During initial development work, it was found 
most important that after the initial purge to fill the 
injection loop, the loop sample be allowed to return 
to atmospheric pressure. Otherwise a slight leak in 
the system would result in a different pressure in the 
injection valve, resulting in a variable mass in the 
injection loop; and thus altering the apparent CO2 
concentration. Using the described technique, 
slight leaks in the valve body do not affect the 
results because gasses are all allowed to equilibrate 
to atmospheric pressure before being injected into 
the gas chromatograph carrier stream, and no part 
of the system is ever under vacuum so there is no air 
contamination. Another important detail is the re- 
latively small jar with soil placed in its bottom, with 
no glass beakers or other items that can impede the 
movement of the flushing air. 

Although other authors have used the relatively 
inexpensive Timex 1000 as a control unit for auto- 
mated equipment, we found this computer to be 
too unreliable for a 10 day incubation. 

The gas chromatograph provides a less expen- 
sive, more commonly accessible method of analyz- 
ing CO2 than an IRGA. Since the CO2 peak from 
the gas chromatograph is well defined and has a 



very flat baseline it proved relatively simple to write 
a BASIC subroutine to adequately measure the 
peaks height, thus saving the cost of  an integrator. 
This also allowed the direct processing of the data 
in the computer without the need to transfer the 
output from an integrator into the computer manu- 
ally, a great time savings when thousands of data 
points are concerned. Initially BASIC programs 
were written to do data calculations. However, 
with many researchers using the system differently 
these programs needed frequent modification to 
accommodate  different experimental designs, and 
were therefore discarded in favor of transferring 
the data directly into the Lotus 1-2-3 spreadsheet. 
Each researcher can then manipulate and graph his 
data with relative ease. 

I f  a commercial 16 valve is purchased, the entire 
valve and controlling system, including computer  
and printer but excluding the gas chromatograph,  
can be bought for less than six thousand US doll- 
ars. Since the computer  is not required while the 
soils are incubating but only when actually running 
the valve, it can also be used for many other pur- 
poses in the lab. We have recently redesigned the 
control system to use an IBM PCjr and an RS232 
ADC-1 control module (Remote Measurement 
Systems, Inc., P.O. Box 15544, Seattle, WA 98115, 
USA). This maintains program and disk compata-  
bility with the IBM PC, reducing the price of  the 
system to less than four thousand US dollars. 

After 18 months of  almost constant use the sys- 

Measuring respiration in soil 187 

tern described has proved to be a valuable tool in 
evaluating respiration in soils. Not  only has it re- 
placed more traditional techniques, but has made 
many previously impossible experiments possible. 
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