Field methods

The measurements of microbial biomass and
activity under laboratory conditions supply
useful information on the physiological state
of microbial populations in soil. Such measure-
ments, however, do not reflect the real situa-
tion under natural conditions. Generally, the
objectives of field measurements are to quan-
tify mineralization processes, and thereby to
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gain insight into how the nutrient minerals
and organic matter of the soil can be more
efficiently utilized and conserved. Further-
more, field methods provide information on
the effect of environmental factors on soil
microflora. In this chapter, up-to-date field
methods are presented and discussed.

Copyright © 1995 Academic Press Ltd
All rights of reproduction in any form reserved



Estimation of soil respiration
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Figure 10.1. Long-term estimation of CO, produc-
tion from the soil surface (Alef 1991; Anderson
1982): (A) Metal cylinder; (B) glass jar with screw
cap; (C) NaOH solution; (D) tripod and (E) soil.
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Measurement of CO, evolution rates (long-term assay)
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Figure 10.2. Short-term estimation of CO, pro-
duction from the soil surface (Alef 1991; Anderson
1982): (A) pump; (B) copper tubes; (C) metal can; (D)
plastic funnel; (E} soil.
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Estimation of soil respiration

Measurement of CO, and
O, concentrations at
various soil depths

(Richter 1972; Anderson 1982)
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Measurement of CO, arigi O, concentrations at various soil depths
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Figure 10.3. Dréger probe for collecting gas sam-
ples from soil.
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Automated monitoring of biological trace gas production and consumption

Automated monitoring
of biological trace gas

production and

consumption

Soil acts as source or sink of many trace gases
and plays an important role in global atmo-
sphere/biosphere interactions (Andrae and
Schimel 1989; Bouwman 1980). The quantifi-
cation of the contribution of soil to the biogeo-
chemical cycling of different trace gases
requires automatic monitoring of the fluxes
(Loftfield et al 1992), because temporal {diur-
nal as well as seasonal) and spatial variations
prevent reasonable estimates of overall annual
fluxes with simple approaches (Brumme and
Beese 1992). Another purpose of automated
field measurements is to improve or verify
our knowledge about factors controlling trace
gas emission.

The method is based on the estsmauon of
 gas concentration under field
conditions in a covered soil (boxes Fig.
0.4). Themcrease or decrease inthe gas ‘
wncentrations dunng the closure of the
~ boxes can be used to calculate gas ﬂuxes
. An automated system, in which a personai
~computer controls the ctosung and opening
. of the c_:hamber the gas sampl_:ngkln the
ambers, the analysis of CO,, N;O and
- CHg, and the calculation of the gas fluxes,
~ enables the monitoring of diurnal, day—to—
day and _saasonal ﬂuctuat:ons, .

Thedmm:waued chamber -.ss'.s' hown in

R. Brumme
F. Beese

Figure 10.4. Double-walled chamber with motor
driven lid (Loftfield et al 1992).

Fig. 16 4. tt is mada fmmuPlexlgiass (19;

468

Chapter 10



Automated monitoring of biological trace gas production and consumption

—] L — ]
1 2 3 4 5 6 7 8 9 10 1 12
CHAMBER

i 1
I 1
| ]
! i
] | calibration gas 1
{ i calibration gas 2
[ i calibration gas 3
1 1 calibration gas 4
16 - PORT VALVESBANK
pressure
equilibrium 3m column
m
column
manometer, 10- PORT VALVE
-y
EC- | Vent
DETECTOR 3
VACUUM PUMP 0.5 ISAMPLER
VAU
UM H
RESERVOIR Cane [
/ N\ Fi- 1 Vent
Vent DETECTOR| 2
carrier
gas i
tank Air

Figure 10.5. Gas plumbing for chamber sampling and gas chromatography analysis.
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Automated monitoring of biological trace gas production and consumption
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Figure 10.6. Schematic diagram of the personal computer supported control and data acquisition. e—e-e,
parameter registration;

, automatic control (Loftfield et al 1992).
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Automated monitoring of biological trace gas production and consumption

’ ot memowng dtrt and vamur .

 displayed both on the screen and on the
~ printer. In addition to the control of the
 sampling operations, the PC monitored
~the GC detector signals, the lid position
~ of each chamber, the Ilght intensity and
- the temperatur&s

pdes P

_ Nitrogen 5.0, ECD quality

- Hydrogen 5.0, ECD quality

~ Hydrocarbon-free air ' o

- Different concentrattons of caiibratlon -
gases _ , : o

( operat:on of the system iS described
__wal analysgs cycle (Table 10. 1) First
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Automated monitoring of biological trace gas production and consumption

Table 10.1. Sequence of timed events for a typical
operation cycle of the automated soil gas chamber
system.

Time (s} Event
¢] Turn on tube heater

30 Open valve V2

90 Close valve V2

91 Open sample valve (V1-V16) (for cleaning)
161 Close sample valve (V1-V16)
152 Open valve V2
210 Measure pressure

If > 1 kPa, note error, continue
If < 1 kPa, continue

212 Close valve V2
213 Open sample valve (V1-V16) {for 1st gas
analysis)

273 Close lid
Is lid closure verified?
No: Note error, turn motor off, turn
heater off, continue
Yes: turn off lid motor, continue
274 Measure pressure
if < 80 kPa, note error, continue
If > 80 kPa, continue
275 Turn tube heater off
276 Close sample valve (Vi-V16)

277 Open valve V1 to equalize pressure in the
system

287 Measure pressure for sample volume
calculation

289 Close valve V1

293 Actuate 10-port valve to “inject”

368 Reset 10-port valve to “ioad” (solid fines in
Fig. 10.5)

370 Open sample valve (V1-V16) {for 2nd gas
analysis)

387 Open integration window for FID signat

421 Close window, tum 4-port valve to ECD
(solid lines in Fig. 10.5), integrate CH,
signal

440 Open integration window for ECD signal

540 Close window, return 4-port valve to FID

(dotted lines in Fig. 10.5), integrate CO,
and N,O signal
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Quantification of total denitrification losses

Quantification of total
denitrification losses

from undisturbed

field soils by the

acetylene inhibition & Benckeiser

technique

Denitrification (nitrate respiration) is probably
the major source of nitrogen loss from terres-
trial and aquatic ecosystems (Benckiser and
Syring 1992; Korner et al 1993). Because of
the lack of reliable direct measurements under
natural conditions, the estimates of total global
denitrification losses range from 83 t0 380 g N
a~. Such estimates have little significance so
far, because basic data on denitrification mea-
surements from soils and aquatic ecosystems
are essentially missing and insufficient to allow
reliable calculations.

Denitrification:
ATP ATP ATP

o\ o\

H]
2NO; = 2NO; = [2NO] == N,0f | + N,

C,H,

(10.4)

Denitrification is an aerobic energy-conser-
ving process (ATP synthesis by means of cyto-
chromes). It may occur alternatively to or
simultaneously with respiration and nitrifica-
tion in a great number and variety of taxono-
mically aerobic microorganisms (1-10% of the
culturable bacteria) (Burth et al 1982; Ottow
and Fabig 1985; Abou Seada and Ottow 1985,

H.J. Lorch
J.C.G. Ottow

1988; Schmider and Ottow 1986; Hooper et al
1990). The need to use nitrate (or nitrite and
N,O) alternatively or even simultaneously with
O, occurs when the demand for electron
acceptors cannot be met during intensive
mineralization processes in the water films of
so-called hot spots (Ottow 1992; Simarmata et
al 1993). Consequently, denitrification losses
can be recorded even at high oxygen partial
pressures in the soil air (Prade and Trolldenier
1990; Benckiser 1994; Schwarz et al 1994). All
soil treatments (such as using organic manure,
soll tillage, fertilization, grassland conversion,
etc.), which enhance microbial activity will
stimulate nitrate respiration, especially at high
soil moisture, temperature (5-65°C) and nitrate
availability or supply (von Bischopinck and
Ottow 1985; Benckiser and Warneke-Busch
1990). At the various microsites in the field
the specific favourable conditions for denitrifi-
cation may change rapidly, diurnally, and
locally as well as temporarily (Arah 1990;
Aulakh et al 1991; Benckiser and Syring
1992; Ottow 1992). For every field method
developed to quantify total denitrification
losses during a longer (e.g. vegetation) period,
consideration should be taken of the large
temporal and spatial variability of dentitrifica-
tion caused by the inhomogeneous distribu-
tion of the carbon sources, diffusional

Field methods
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Quantification of total denitrification losses

constraints of nitrate, O, and/or N,O imposed
by the ever-changing soil water content as well
as by the delayed N,O fluxes as a result of its
entrapping in pores and water films, and
adsorption to soil colloids (Becker et al 1990;
Rolston 1990; Benckiser 1994). Thus, the spa-
tial and temporal variability of denitrification in
the field can vary by up to 300% and more
(Benckiser et al 1986, 1987; Rolston 1990;
Smith 1990, Aulakh et al 1991). This high
variability, however, provides the statistical
framework explaining both the interactions of
essential ecological factors controlling denitri-
fication as well as the wide range of gaseous
nitrogen losses recorded in the field. The relia-
bility of field measurements is consequently
limited by the previously mentioned variability
in denitrification. The results obtained by the
acetylene inhibition techniques can only be
considered as estimates of the magnitude of
gaseous nhitrogen losses.

_ Principle of the method L
_ The acetylene inhibition technique (AIT),
~ used to quantify total denitrification losses_
~ from soils, is based on a complete
~ blockage of the N,O reductase activity by -
- HC=CH, which has a structure similar to
~ that of N=N—-0 (Federova et al f9?3;: o
~ Balderston et al 1976; Yoshinari and
~ Knowiles 1976; Yoshinari et al 1977; Ryden
~ etal 1979; Ryden and Dawson, 1982;
~ Benckiser et al 1986; Kapp et al 1990).
- Concentrations in the range of 0.2-1. 0%
v/ exhibited complete inhibition of N.O
~ reduction in denitrifying organisms in souis
_ (Balderston et al 1976; Yoshinariand
- Knowles 1976; Yoshman etai 1977 Kapp .
etal 1990) o i

P jConsequently, the NRO ﬂuxss co
_ from C,H,-treated soils can pmvnde q
_ measure of the overall denitrification rate,

- which is equal to the N,O-N and N, release
- (Benckiser et al 1986; Klemedtsson and
~ Hansson 1980; Kapp et al 1990, 1993 At
~ present, there are two AlT-based 1

~approaches to quantify total denrl:r:ﬁcationr -
P  Tube-clamps and double-way cocks

_ losses from undisturbed soils:

' Glass tubes(straight mcm&axgm 2cm

~ 70imin™")
~ Membrane pump o
~ PVC tubes (1 m length, 6

".':'_Z,‘;Csz oontnbut!on

 Glass containers with glass tubes as

1. Soil core incubation method (Parkin
et al 1985; Robertson et al 1987; Ryden
et al 1987; Aulakh et al 1991). '

2. Flow-through soil cover method
(Ryden et al 1979; Ryden and Dawson
1982; Benckiser et al 1986; Kapp et al
1990, 1991; Lehn-Reiser et al 1990
Schwarz et al 1994),

'Mateﬂals and apparatus :

Soil core incubation method

"Alrtlght anaerobic jars (Fig. 10 7)
Glass bridges with tubes, airtight
~ double-way glass cocks rubber bali and
one-way valves ’
 Rubber septum seals ﬁtting to the tubes
of the glass bridges
Core samplers (varymg vo#umes)
. _Airtight syringes fiftted with a lock.

Flow-through sonl cover method

 Self-constructed PVC soil mws%(
 variable dimensions) equipped with a

~ sharpened steel frame at the bottom,
~air inlet and outlet (PVC tubes, 10 mm
iy and ﬁxed or'rermvabie Plexiglass .
ilids
.'jG!ass or potyethylena -caium

and H,0 trapping

- ‘tubes (0.
.-_'Rubbertube(()ﬁmmid.}ﬂo

outlets and fitting ;ruhbu stoppers
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Quantification of total denitrification losses

rubber seal for gas sampling

glass bridge l

rubber ball

J double—way
w one—way volves U cock
pressure
I l gouge

Figure 10.7. A modified anaerobic jar (4.5 I) used
to incubate intact soil cores in the presence of
acetylene for total denitrification measurements.
Commercially available anaerobic jars (Gdssner
Company, Hamburg, Germany) are modified by
introducing a glass bridge, gas taps, suba seal
and rubber ball (Ottow et al 1985; Abou Seada
and Ottow 1985, 1988).
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Quantification of total denitrification losses

~ cm) are randomly and carefully driven in
the sod in order to obtam a!most

 the pmsence of stonos or orgamc -
~ debris are discarded. Some compacting

~ of about 10% of the valume may occur
~ during sampling (Ryden et al 1987). The
L :;eoﬁected cores (at least five rephcates)

: ca. 4.5 | anaerobic jars (Fig. 10.7). The
k;f }ars and the cores are ﬂushed wima;r
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Quantification of total denitrification losses
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Figure 10.8. Schematic diagram of the open soil cover method to quantify total denitrification losses in
undisturbed fields with the acetylene inhibition technique (Benckiser et al 1986; Kapp et al 1990; Lehn-Reiser

et al 1990; Schwarz et al 1994).
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Quantification of total denitrification losses

Figure 10.9. Units required to release the N,O
absorbed to the 0.5 nm molecular sieve pellets in
the field (Ryden and Dawson 1982; Benckiser et al
1986; Kapp et al 1990; Lehn-Reiser et al 1990;
Schwarz et al 1994).
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Lysimeter

Lysimeter
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Figure 10.10. Cross-section of the lysimeter system (dimensions are in miilimetres).
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Lysimeter

_ up considering almost all processes of

_ dissipation. A cross-section of the
_lysimeter installation is shown in Fig. 10.10.
A concrete bed serves as a basement to
~ place the lysimeter unit in the ground. The
- lysimeter casing itself stands in a second
~watertight container on four arms fastened
 to the walls at a depth of 120 cm. This

_ container is attached to the concrete
 basement. In total it is 140 cm deep so that
~there is enough storage space to collect
~ water percolating through the soil monolith.
- The percolatmg drainage water is sampled
by a suction tube inserted into a pipe fixed
~to the higher wall of the container. Figure
- 10.11 shows a single lysimeter embedded
a control plot to minimize possible side

30 of 1.0 m?) are distributed in 10 strips of
five lysimeters, each oovenng sn total .
appmxlmateiy iﬂoﬂl}m B e

!‘-‘llllng of ma'lysimem ‘
 The ﬁilmg of a lysimeter is an unportant"

eﬁects Fifty Iysumeters (20 of 0.5 m? and

- procedure in order to obtain undisturbed
'soil monoliths. To collect an undisturbed

soil monolith, the lysimeter casing is

~covered at the top with a steel plate (30 mm
thick). At the bottom, the walls of the
~ casing (8-10 mm thick) have sharpened

edges for cutting the soil. The casing is
pressed into the soil by the shovel of an
axcavator to a depth of 110 cm (Fig. 10.12).

This technique guarantees that the soil

~monolith is pressed close to the walis of the

casing and that there are no gaps between
the walls and the soil. This is very important:

- when studying the movement of _
_ xenobiotics in the soil. After the casmg 1s '
pressed into the soil, the surrounding soil i IS
~ removed and the bottom of the rack is
~ pushed under the casing, cutting the so‘i .
_ with the sharpened edge at the front of the

Figure 10.11. The lysimeter station at the Institute Figure 10.12. Filling of the lysimeter with an undis-
of Radioagronomy. turbed soil monolith.
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Lysimeter

Figure 10.13. Placement of the lysimeter casing in
the lysimeter station.

_base (Fig. 10.12). Then the lysimeter casing
‘with the undisturbed soil monolith standlng
! < is lifted from the holeand

ted totheiysmeterstation Thefa

; Iysumater casings are inserted into the
mntmnm ‘which are permanently instalied
the ground (Fig. 10.13). With this
chnique, up to 15 lysimeters can be filled
er day h).laprinciple any soil witha
‘ cap be used However, zt \mii

fioks With the abiliy 16|
typeofcmns soi!typeand
€ cm_of rotamns,themp

‘surrounding plntsk agrochemicals are L

Figure 10.14. Automatic spraying apparatus for
applying '“C-fabelled agrochemicals in lysimeter
experiments.

applied in accordance with integrated pest

- control management. A meteorological

station registers the air temperature and

- humidity, precipitation and wind velocity -
;_-_aii factors governing the fate of a pest%mde
~ inthe system Tamperature and water
~_content in the soil are also recorded due to
~_their effects on the microbial activity of sod .
~ The homogeneous appllcatlon of the '
~ labelled pesticide or fertilizerisan
~important step in lysimeter expenments

~ especially for sampling reasons. Reahstac

rates of the tested pesticide and spray .

~ solution volumes (2040 mim % asin
~agricultural practice should be followed to

provide results that are transferrable to the

~ field. Two different spraymg tachniques can
~ be used: a hand-operated garden sprayer .
;s:fanci an especlaily designed automatic =
~_spraying apparatus with nozzles, usedi
~ agricultural practice (Fig. 10.14). Before
~ spraying, the lysimeter is surrounded by
_ thin aluminium plates covered with foil in. -
~order to avoid contamination of the
'_fsurrounding area and to control for balancef
~ purposes — the amount of the 'C- -labelled
~ pesticide not reaching the lysimeter area.
~ Several treatments have shown that up"to:_fi
- 20% of the pesticide is lost dunng
‘:i“:applacatwn and it mainly remains attachedé
~ to the tin foil (Mittelstaedt et al 1992). This
~has to be taken into account when planmng
_ the application of deﬁrute rates of a
T -_pamcuiar agrochemical .
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Extraction of soil solution with porous suction cups

Extraction of soill

solution with

POrous suction

Cu pS H. Deschauer

In environmental studies the importance of the ~ Three collection strategies are used
soil solution has continued to increase over the _ _(Grossmann and Udluft 1991)

last . B flecting th i - e -
st docade. By reflectng ho M PO The sl soiton can be exracted
’ :contznmusiy over a iong ponod week)

one of the most important components of the
ecosystem used for studying the temporai and
spatial distribution of nutrients and pollutants,
the biological availability of all soil constitu-
ents, and the biological and chemical turnover
of mineral and organic soil material. Several
techniques are used to extract the soil solu-
tion. Extracts from bulk soil material are made
by centrifugation, percolation, with immiscible
liquids or by pressure filtration. All these
methods produce a severe disturbance of the
physicochemical properties of the soil as well
as of the soil sampling site, and are not suita-
ble for long-term and continuous investiga-
tions. In situ methods used are extraction
with porous suction cups or sampling by resin
bags. Because of their easy handling and the
suitability for continuous sampling, suction
cups are the most widely used method for
ecological studies (Liator 1988).
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Extraction of soil solution with porous suction cups

Table 10.2. Comparison of different materials tested as suction cups.

Pore size Air entry Physical Chemical Exchange Hydrophilia

um) (kPa) resistance resistance capacity
P80 ceramic’ 1 400 ++ + + ++
Frited glass® * 10-16 200-300 - ++ ++ ++
PTFE® 4 2-10 + ++ ++ -
Stainless steel*  0.5* 300 ++ + + ++
Sintered nickel'  n.a. 100 ++ - - +
PVDF® 0.22 350 + + n.a. +
Nylon® 0.45 210 ++ ++ na. -

References: 'Hetsch et al (1978); 2Long (1978); *Beier and Hansen (1992); *K&hler (1993); *Grossmann et al
(1985).
n.a., no data available; —, poor; + good; ++, very good; * irregular porosity.

Figure 10.15. Different arrangements of soil solu-
tion samplers (Grossmann 1988): (1) suction cup; (2)
hard or flexible cover; (3) capillary; (4) sampling
vessel; (5) pump.
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Extraction of soil solution with porous suction cups
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Litterbag method

Litterbag method

The litterbag method is commonly used to
study the decomposition of organic matter in
terrestrial ecosystems. In this method a large
number of bags is placed in the field and a
randomly chosen set of replicate bags is
retrieved at predetermined time intervals, and
analysed for loss of mass and/or changes in
the chemical composition of the organic mat-
ter. The method was firstly used by Falconer et
al (1933) and is often attributed to Bocock and
Gilbert (1957). The litterbag is an open struc-
ture that allows a free exchange of air, water
and solutes. The mesh size of (parts of) the
bags is essential. By using bags with different
mesh sizes, particular groups of organisms
(soil animals) can be excluded, while those
entering the bags can be extracted, and an
idea of the relative contribution of various
animal groups can be obtained.

An interesting modification of the traditional
litterbag methodology of putting all the bags in
the soil simultaneously, followed by subse-
quent sampling, is the method of Herlitzius
(1983). The aim of this method is to elucidate
whether, and to what extent, the decomposi-
tion of leaf litter is controlled by the date or
duration of the exposure of the material in the
soil.

Recently, the information available from using
litterbags has been increased by the use of
stratified litterbag sets (Faber and Verhoef
1991). These have been applied in stratified
organic soil layers typical of coniferous forest
soils.

root biomass, and soil biota densities.

‘-:_.‘Procadum L -
~ For pine forests e‘tpmcedure presentad
~ here discriminates for L, F and H layers,

 at abscission time from the tree.

~layers is made in the field, and all organic
~ material _is taken tc the iaboratow and alr—-

H.A. Verhoef

s Nlatarials and apparatus
~ The material for the construction of

litterbags can be nylon, fibre glass,
polyester, polyvinyl and Terylene. Some
bag types have closed plastic walls. Tnese

‘have the advantage of preventing
_compression of the enclosed litter and

keeping the enclosed litter in a more or less

~ fixed position. It has the disadvantage that
vertical abiotic and biotic influences have
f greater lmpact than honzontal ones. .

including fresh litter. Fresh litter is sampled

ifferentiation between the L, F and H

axpenmentai p[ot. The mesh‘ sizes
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