
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 

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. 
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Estimation of soil respiration 

Estimation of soil 
respiration K. Alef 

Measurement of CO2 
evolution rates (long-term 
assay) 

(Anderson 1982) 
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Figure 10.1. Long-ternn estimation of CO2 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 CO2 evolution rates (long-term assay) 
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Measurement of CO2 
evolution rates (short-
term assay) 
(Anderson 1982) 
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Figure 10.2. Short-term estimation of CO2 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 
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Measurement of CO2 and 
O2 concentrations at 
various soil depths 
(Rlchter 1972; Anderson 1982) 
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Measurement of CO2 ar̂ gl O2 concentrations at various soil depths 
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Figure 10.3. Drager 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 
•^ , R. Brumme 

consumption R Beese 

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 1990). 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. 
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Figure 10.4. Double-wailed chamber with motor 
driven lid (Loftfield et al 1992). 
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Automated monitoring of biological trace gas production and consumption 

VACUUM PUMP 

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 t l ie personal computer supported control and data acquisition, 
parameter registration; , automatic control (Loftfield et al 1992). 
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Automated monitoring of biological trace gas production and consumption 
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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. 

CO2 ami iy>m^ tect b i h ^ ECD̂  Jtmt f ia 

Time (s) Event 

0 Tum on tube heater 
30 Open valve V2 
90 Close valve V2 
91 Open sample valve (V1 -V16) (for cleaning) 

151 Close sample valve (VI -VI6) 
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 (VI-VI6) (for 1st gas 

analysis) 
273 Close lid 

Is lid closure verified? 
No: Note error, tum motor off, tum 
heater off, continue 
Yes: turn off lid motor, continue 

274 Measure pressure 
If < 80 kPa, note error, continue 
If > 80 kPa, continue 

275 Tum tube heater off 
276 Close sample valve (VI -VI6) 
277 Open valve VI to equalize pressure in the 

system 
287 Measure pressure for sample volume 

calculation 
289 Close valve VI 
293 Actuate 10-port valve to "Inject" 
368 Reset 10-port valve to "load" (solid lines In 

Fig. 10.5) 
370 Open sample valve (VI-VI6) (for 2nd gas 

analysis) 
387 Open integration window for FID signal 
421 Close window, turn 4-port valve to ECD 

(solid lines in Fig. 10.5), integrate CH4 
signal 

440 Open integration window for ECD signal 
540 Close window, return 4-port valve to FID 

(dotted lines in Fig. 10.5), integrate CO2 
and N2O signal 

i&^iiMf $i^p^^k^ tt^ | - { ^<^ i^% 

p i i i q^cie i ^ ^ ^ riiiii aiid m^ a j ^ 1^ mi 

I liltferiiajB^^y. Tte % 
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Quantification of total denitrification losses 

Quantification of total 
denitrification losses 
from undisturbed 
field soils by the 
acetylene inhibition 
technique 

G. Benckeiser 
H.J. Lorch 

J.C.G. Ottow 

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 to 390 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 

CgHg 

2 N 0 3 ^ ^ 2 N 0 2 ^ ^ [ 2 N 0 ] | - ^ NgOtj 

(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, 

1988; Schmider and Ottow 1986; Hooper et al 
1990). The need to use nitrate (or nitrite and 
N2O) alternatively or even simultaneously with 
O2 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, 
soil 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 
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Quantification of total denitrification losses 

constraints of nitrate, O2 and/or N2O imposed 
by the ever-changing soil water content as well 
as by the delayed N2O 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 nitrogen losses. 
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m^^^:^km% i f eu lM^^ mgmim^h mM 
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et al 1987; Aulakh et al 1991). 

2. Row-ttwmigh soil a)ver mettiod 
Pyden et al 1979; Ryden and Davî N n̂ 
1982; Banckiser et al 1 9 ^ ; H^pp et ei 
%9dO^ 1991; Lrtirv*R^^ et ^ 1990; 
Schwarz et al 1994). 
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IliArtiir s€^i»n S6^ fiMii9 to ttte nec^s 

A M ^ j ^ ^ f 6 i ^ MMI>«M a todc 
ITOTI 

MioiM^O 1M^ p-5 mn W.) 
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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 (Gossner 
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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Mî KiaJsr slave, QJ& nm ̂ mm p0^ 

Tha isxMcmB mmS^mm m^Sm& :'^'%::; 

fi^BWste, 6*11 o i l iftaraMsr̂ ^̂  

Field methods 475 



Quantification of total denitrification losses 

cm} are randomly arri camlu% driven in 
ttie soN in older to otimn ainK^ 
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bKĤ Aiated in c t o t o i ^ ^^-tS^'Q or at 
ttie ad^i^ soil t^rn^^mbyiie cfliecUy 
l ^ j in pn^fi^ed holes i^dm^tM 
1W7^ t^S^ii^ to 14 ̂ cfe )̂ 1 wigm 
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acet^^e dî MbuticKi a id c^>nc^ibation 
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OQwir-bî is»i li'<s^Mem4'4tt' 

476 Chapter 10 



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 a! 1986; Kapp et al 1990; Lehn-Reiser 
et al 1990; Schwarz et al 1994). 

^Ms€ î̂ eH^9ii'̂ ^ 
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Quantification of total denitrification losses 

r rubber stopper 

air-tight 
glass-cock 

atmospheric 
pressure 

syringe 

molecular sieve 
pellets 

Figure 10.9. Units required to release the N2O 
absorbed to the 0.5 nm moiecular sieve pellets in 
the field (Ryden and Dawson 1982; Benckiser et al 
1986; Kapp et al 1990; Lehn-Reiser et al 1990; 
Schwarzet al 1994). 

speetitm^b^. if dmitrfl^^ritoi is 
<^€^at0d Mlrec% 1 ^ dHfi^MM^, iN ^Hi 

mrSve crg^fii:^ iMrc^sri pool iim rm : 

is ̂ oodagmen^ betvi^e^ ttie 
d^lMf^fkHi icNssî  esttnnattaci l?y the AJT 
aiid t t ^ ^ ^ mcMKKl at c ^ 
COTKIMEMIS | R $ ^ €ft ai 1|N^; M U # i ^ ^ 
tl^1). Tim ii^c^^ iBrtfeteWcm of the WT fe 
caused % ttie inhft:Wttoii of ititrMiaatbn €^^n 
In the presmoe of smalt Q^Ha 
coiKsentoaimis p i ^ ^ 1 8 ^ ; K n o ^ ^ 
109O;i 

^ ^ l i t i ^p f i ^ ^m i t ki ti^ 4^;at 
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Lysimeter 

Lysi meter 
P. Burauel 
W. Steffen 

F. Fuhr 

niytrierit tiimdv€r BS 

p^acmi m a rac^ wWi a p^oatad tx>ttom, 
te inserted hi a c^mipield^ ift̂ iAErt̂ M 
o^Mfw ^iil)a(fcfed In ttie pnoimd. AH 
ac|y^i!(^ ia in̂aHiSf fltmi ̂ ^fiMs^ sta# 
C f ^ at af w e , 19»i; FOiir 19^; a^ans 
^ al 18^, 19^ ; Bmmhmtl 1991: POtz 

iniHil^ at tha imMi^ of 

liMli^^gmi^ i ? i ^ IK^^TK^ am ba lirawii 

-3150-

o original soil: Ci 
gravel / clay ^ ^ ^ 

Rgure 10.10. Cross-section of the lysimeter system (dimensions are in millimetres). 
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Lysimeter 

up coitsidMng alrm^t all processes of 
d^lparticm. A orc^s**section of the 
lysimeter inslaliaHoti Is showi in Rg. 10.10. 
A conanete t̂ ed serves s^ a basement to 
place flie lyslmirt^ wtt In the ground The 
tysimeter casing i 1 ^ ^ s^ ids rn a second 
watertight oont^n^ on fpur arms fastened 
to ttie walls at a depth of 120 cm, TWs 
conl^in^ i^ a t t a d ^ to the ooncmte 
bBj&mmA. In total ft is 140 oi^ deep so thai 
th^re Is ̂ o i igh storage j^i^ce to collect 
water prnxAdd^ng airough the soil mwollth. 
Tti^ p^colating drainage water is sampled 
by a suction tube tns^ed into a pipe fixed 
to ttie higher wall of the container. Rgure 
10*11 ̂ hovi^ a single ly^meter embeckied 
M a cbnfrol plot to n^imize possible side 
eflicte. FH^ l^meters ̂ 0 of 0,S m^ aid 
30 irf 1.0 m^ ^ e di^iHited In 10 strips of 

5̂, esK^ o w ^ n g In total 

{»ocedure In order to obt^n undistuit^ 
soil monoliths. To a>Rect an undlsturibed 
soli monolith, the l^lmeter casing Is 
cx>v^Bd at the tqp mtti a steef plate p ) mm 
thick). At the bottom, ttie waits of ttie 
cs^ing (8-10 mm thlcl^ have sharpen^ 
edges for cutting i^e soil The casii^ is 
i:»i^sed Into the soil by ttie i^ov^ of an 
excavator to a depth of 110 on p g . 10.12)< 

This technique guarantsi^ tttat ttm soli 
monolith 1$ fOHr^^d c^c^e to the wtf te of the 
casing and ttiat ttiere are rm g s ^ between 
the walls and the soil. This is vay Important 
when studying fte nrK>vem ît of 
xenobiotics In the ̂ 11 Afta* t i ^ c^ing is 
pressed into th^ soil, ttie suntHindBngi soil is 
removed and ttie t>ottom of the rack ^ 
fxished under t t ^ c ^ n g , cutting the sDit 
with ttie shapaned ed^e at the front of the 

IPI»6)Qmately 1005 m^ 

TWe flWng of a ̂ n ^ t e r is m\ imiwrt^t 

Figure 10.11, The lysimeter station at the Institute 
of Radioagronomy. 

Figure 10.12. Filling of the lysimeter with an undis­
turbed soil monolith. 
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Lysi meter 

Figure 10.13. Placement of the iysimeter casing in 
the Iysimeter station. 

:;lm» Pgi^ 10.12)- T h ^ ttie Iysimeter casing 
tiMl ti^iMKibtaMi^ scii mmoMi stewing 

^ # i i i i t Is «te«l *Eim the hc^ 
S | i | i ^ ^ ^M l1 i i Wm ipl^m^ ilafimi* Time 

t ^ ^ i ^ i f ^ , lip to i$#shii0ters can be ffiied 

^ c ^ be imd. I^wpir€^,|t wtt 

irf lheliriteelsr 

W i i t t d ^ ^ 1 ^ the ̂ ^aM^ t^ 

of i i i i t t^rt i t 4 ^ ^eiift^te^ 
kittle d ^ ^ p i t f t i ^ 

Figure 10.14. Automatic spraying apparatus for 
applying ^"^C-labelled agrochemicals in Iysimeter 
experiments. 

^pl ied in accK)rclaiice vvlth biiegi^ecf pesi 
oontool maiagi^nent A meteoralc îoigd 
slatkm iBg%t€»s fto air taET^p^^ym an^ 
ImmASty, pmii0iaSkm and î iAid velddty -
aU ̂ ^i£Ams gommk^ torn late of a pesl^de 
in 1B^ system. Tenp^^ature md wat^ 
OM^Mbi tfiM^ sdii are abQ iBd^Hd^^ueio 
p ^ ^ e c ^ cm tf^ iiifc;̂ ^ (̂̂ (̂  iK^^^^^^ 

tt^^bd |3teî tte*le Of ̂ t t lzer fe m 

î ai9^ of tti^ t ^ ^ pestk^k^ 
BGAuM^nvolunfies00*40iMin^^mm : 
^ ^ j k ^ l ^ j ^ |Ka»::tide SNIHIM be fd tew^ tt> 
f^rMtiNm^^lts ttisrit i9SBlî s^n^0iBt]^ to ttie 
i^cfc Two cMTcreiit ^ ^ : ^ : ^ i ^ ladink^jN^ oan 
be ta^s^: a t ia^ S | » ^ ^ 
a ^ ^ ^:N$da^ iifes%n€d mittmwS^^ i 

igpk^tAy^ p^s^k^ 19.14). Be^km 
i^prnfif^f^ ll^sbn^^ N̂  mmmefHi^ by 
Mn ^mMrnn friat^s i x i v ^ ^ vWi foil in 

eumi^iding area arid to ccHifi^ fcr b^nc^ 
|iyr(W3#iss- the aiKHint of ttie^^C-Iabdled 

S a i ^ l tre^dir^ii^ tm\re ̂ Kivm tfmi l y to 
2S0l% ̂  I t ^ p^Uyde IS hM̂ ^ 
appMcfttfon mi it mainfy nmteii^ ^gd^bd^ 
p mmmt (Mmeisiaedt ̂  ^ %9m):im% 
tai^ to be t^i^m Mo aocoiM ¥A¥m i ^ ^ i n g 
tti^ ^ ^ k ^ i k m of ifte f̂rfte raftes of a 

Field methods 481 



Extraction of soil solution with porous suction cups 

Extraction of soil 
solution with 
porous suction 
cups H. Deschauer 

In environmental studies the importance of the 
soil solution has continued to increase over the 
last decade. By reflecting the dynamic pro­
cesses in the soil system, the soil solution is 
one of the most important components of the 
ecosystem used for studying the temporal 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). 

Mnoffile irftti^ method 

^xiMm$ to mpcmm mM^i^m m^yMc^hin 
ocmibadt wWi INr serif tmSmM. ]ki ttft$ ym^ 

Three c^llectiofi strategies are USCKI 

(G^o^mi^m ami IWuft 1^1) 

The scA sohitton am be € ^ ^ ^ ^ ^ 

hMd pirttp 1^ ail i f e d i f ^ piMt$i,0i^ 

M1^^ f^SakKih fcl@^ l!l̂ N!̂ p$̂ bl̂ yN̂ l̂ ;/ 

mrta l̂Br̂ |KNt mm^ 

RftM iRslailattoii.and ia^meilm^fp>c^-^. 
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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 er\try 
(fim) (kPa) 

Physical Chemical Exchange Hydrophilia 
resistance resistance capacity 

P80 ceramic^ 
Frited glass^' ^ 
PTFE '̂ ^ 
stainless steel^ 
Sintered nickeP 
PVDF^ 
Nylon^ 

1 
10-16 
2-10 
0.5* 
n.a. 
0.22 
0.45 

400 
200-300 

300 
100 
350 
210 

++ 
-
+ 
++ 
++ 
+ 
++ 

+ 
++ 
++ 
+ 
-
+ 
++ 

+ 
++ 
++ 
+ 
-
n.a. 
n.a. 

++ 

++ 

References: ^Hetsch et al (1978); ^Long (1978); ^Beier and Hansen (1992); ^Kohler (1993); ^Grossmann et al 
(1985). 
n.a., no data available; - , poor; + good; ++, very good; * in-egular porosity. 

m 
• 2 

i 1 V 

j-K>-

1 " ^*^\ 

U " . ' 

P J ^ 

cCi, 
U • • • * ' • • • S 1 

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. 

abmA SQ U^ ma^ bBf^msk^ ms^MnQ fci 

f i i | i J l ^ 0 c ^ ^ mi^i% a 

o^tatfd by a sait^ a 

$^:0&iW^\^, 

\m:\ 
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Extraction of soil solution with porous suction cups 

Section of ttitrndi m orgmic subi^^oas 
jOfittie s ^ c ^ siHf^^ m Wtm effects 
1 1 ^ d i s ^ ^ ttif m^lac^ f^KH>^tt^ of the 
caip f i ^ ^ W * K3filer md O^oh^er 
Ci^^f:M^IM^ f^s^y^} fcHind an bio'eased 
Bciptti^ erf ̂ ftkopivMc mgmito 
9cinipĉ y»ic£s on sev^at miction cup 
tm^t&M^ aft^ pmoondttlcmingi with 
d^^sc îNdl i^gpnic n ^ ^ a i . Hmoe, t te 

1 ^ ;«v#iatad orltic^iy layndt after 
hid^^ tN^ euotlon ai(:m^ould be 
o^dHtloned in t to field fc^ several weeks* 

H i ^ por^. Heru^» in s&iK:tiiied sfM vM% 
large aiKl deep ecd| ochres a c^^mUnatkm of 
siKî tlofi tmm ^^ nmi^mrlfm^ f^kfmkmsh 
r^ce^aiy to cdteot a ' ' i^'^soli ^ l u f k ^ 
CHie to tt^ î ze of ttm m^^s, m^ a smaft 
part of ttie sdt Is in o^rtaot wihi ttne l̂ iK t̂ion 
oips, resu Wr^ In a laiig^ number of 
reî foatlcms b^ng mquired to ower ttie $<^ 
homogeneity. Oe^^^ing on the number of 
r^ ioat i^ ^ d t t ^ edfl wnam {nve$^ptl<^« 
a large enrcrttui^ be acc^l^d. Dlffer^toes 
In 1^ Inftow 1:8^ <rf mM^m m^, ^ » ^ ttie 
^obtons €rf fltt€^ng ami adte»:Ht^ 
increase this mron 

Wat^ wlimies sanded by S^K^W oips 
me tmi appfic^ft:^ fcĤ  ĉ aAĉ yUr̂  ttie ifiass 
of vi^er ifwi^K^rted hi the s(rii s^ts^mu 
\imoe mn^imat^ del̂ mftbiaMon of ^ 

imM mfc^^m 44^i^*#a ̂ ^a?0:sl^l'';|p.^ 
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Litterbag method 

Litterbag method H.A. Verhoef 

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. 

^,f.>-. -'..t'-. -Y'/-^- -;* . '"y'. •--"" '\ '''--,•- , 

Mat^rtate and î pHP îatim 

The nmtmi^ fm ttie ccm^iucftm of 
iitt€»l3s^s can be rf^on, ft^r^ Qi^m* 
pofy^i^m, polyvln^ and Tar^e^ie. Scm^ 
fc^ typm have ctosBdipk^}m9s. Ihmm 
tmm ttie mlNrntage d pmmnSk^ 
mttrnt^^ion of ttie enclosed litter and 
leering the enoic f̂ed tttter in a more <^ less 
ftKed pc^ttmi. tt has ttie diaadvimts^eDmt 
'^^r^^ sSo^nc and UoMo influence have 

atjd:̂ $ĉ aslcri% 4ni^ frt^ 
I^P»eniWtert feet«^^ 

M^m^i^m^mm^^ wm^i^^ 
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Bm differed for ttie ain^iwX layers. To 
mMmfB unnB t̂rlcted moven^^ of biota 
thrcHQh tti01^$ f<^ a mass loss ̂  n a t i ^ 
as po^ible, a m^h mB of 3 ^ lun is used 
for H for flie bottom sicte mid 1̂ 0 mm for 
the tqf>, 2 mm for F and 4 mm for L m^ 
fmsh IMen These mesh sizes 0iso minimize 
losses of mat€^^ ttirough N^dling. If it Is 
the intuition to exclude specrffc groups of 
orgaiî ^ns« the mesh size should be 
iKiaf^ted to the body width of tfi^ animals to 
be eiaî ludad. 

The lltterteigs am then placed as sttatifled 
sets In the fleid, preferentially in a random 
f^hioa The nun*er of r^licata^ depends 
m% ttie het^rog^n^ of 0ie sbjdy ^ e , with 
a mMmal mimbt^ cl5. Tim iotat nynti>er of 
i ^ ^ deperKJs mi ttie fr^uenc^ of 
mc^imil^m whic^ d^f^^fufe tm^&m rate of 
cteomupc^tton. Tim h ^ a r ttm late of 
dboompc^on, ttie #ic»lBr the M^rv^. 

Andi^^M and tngmn ( I ^ ^ J ^ i ^ ^ t that 
tim ^^ui^k^ M^rvirf I^KHM be diof^ed t ^ 
^Om PBqawmmi&im ̂  t^yg^ f^yr ^ ^ of 
i^PfM^ is(^^tB m% of ti^ c ^ M mass ^ 

¥mm:x^^imm wlttic^ sbBlHlBd î rpemc 

gfusslisiids nn^ î gpc^MuiisI "S^^^^IUBP the 
te^^f^tiKle ttmiMfK^ mgmite f a ^ and 
Umi m ^ ^ z ^ iiimM be m f ^ i l ^ to Vie 
bmj^ ^ ^ ^ 4sljKm f f A n ^ pmm^ As 

A i ^ i» yif'J^M iMMi • taJfcli <(* J?n » utit ilAa a* 'Gratia rt tA» «k x i '̂  

e f l ^ i s l titale 1 ^ dyiifiititoP 1^ e!9^^ of 

m^er tti sdil fli^itzius 190S^ TlM êfcMB, 
w# oim iflsfin^ish three e;^c^^re 

1* fciVielMlne^iriieNritti^iR^^ 
i p ( ^ ( k > $ i d f i ^ a f t ^ p ^ ^ j ^ mcmOi) 

SL Ihi #ie ^̂@cicNid lii^toi^^ty ttm 
c^ed ''InMi seqpj^tx^'*, a i l t ^ ^ are 

placed in scM ^ d tiian secf uenttdly 
r^mived aft^ 1,2,3, .«. I t iTK^ntt̂ ; 
^ c ^ t 3 ^ i^^mved ^ hTwmdiaMy 
r(^ îaced M the sarm €|)dt % a b ^ M 
ttie ^ x ^ t a J *to s^u^Ke*. Airnp 
secp^TK *̂" t ^ s ŜTO removed pStu 1 
year, arud f(Km the chrc^H^ogk^ mirror 
imai^ of ttie ̂ 'firom sequence'' treatanent, 
pm^tng a smim that not only 
expal^mes differ^^ p^ods of 
e)qpc»EMiHre tHit iriso different d ^ ^ of 
exposua^, 

3. In ttie 1hW tteatmenl, sample are 
exposed for a M year. The fixed 
s a n ^ ^ Mitaval (1 nfionth) and ttie tot^ 
e x p ^ m ^ i ^ pi^od (1 y € ^ can be 
^a{:^ed to tt^ rmt̂ îari ii^ed laid tt^ 

A^0t mpomm^9mi^f$isimM b6i 
carsMI^ Mied hi the f M to l e ^ ^ 
of pa t̂tc^̂ riaî  iimter^is iMud be }:̂ :̂ied in 
dk^ed f^lafeiers icr t iPS i ^ ^ 

mm praoMe&lft^ mS^siM fe ttimi air̂ HdM^ 

^ppro^adh^ ̂  tt^ exgpfMiCNn of; \; 
cteaŝ T^KmMĉ  d ^ ^ W a i^^T^py^^ of ttie 
tte^fieii^Mi)«€^ 
*Ne'W^'ii fc'i"' ̂  "'"" ̂ ' 

^ j i t im »m 1^ •>¥&> i»l« ^^' ift t l lili i •i«lt ^̂ " 
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1 ^ ^ iMi Heriitiiiis (1983)> can be lyialysad 
irt m^om^^bm^ witti Qunadl (td93). 

7}^ a^ir^NbiaM^ of ttie cfedta from the 
'Itofii'* j ^ *lo ^queiKje* treatment In 
î f̂  l ^ p i 0m^ ttm posi^ble mirror 
^Mf^r feS: (1) tf^ axis of symmetry can 
tmpmilM^ tN» y-axis, whrdN m^yis that 
1l^ijm0m mnm toigth of ttie expomire is 
HĤ MQ̂ ftaiit̂ M fdytkm to Mm quality; and ^) 
9i^mMi^Wtm^^ cm be psoigdial to the 
M^^i^y^$A^ tt^ ttie date m 
is^^&^Xj^g^ ere more Impmtant in 

^j^k^Sc^^^ |:»fooe$$« To test 
^vkAM^ t N w^ of s^nrmtry can be found 

ix - IT y^a)<is, one should first 
I of the ""to seqi^nce" 

f^^^r f t^^bec^^^ mw direc&m v^tti tr^ 
' tf^^stm^it If 1*^ two-v^y 

LIs^i^^rMcarit In ttie ft^-
^ m0^i^ imki effect, 
rcNr Mii^h of ttt^ expĉ îHB 

^ M^KsMn^ erne s^uid c îange ttie 

valiH^ of the *to sequwoe'' treatn^it to 
becx̂ rrm rK^ative. If the AJhIOVA r^uft is not 
signifloant In tt)e fir^-ord^ interactkm, ^m 
data of expcKiure or seasonailty is 
Importait 

The iitt^i^ag method Is commonly used to 
stucj^ ̂ e decompc^ttion of organic matter 
at diff^^^it sft^ cr und^ diffwent 

^)art from changes In weight and chemical 
composition of orgsuiic matter, one can use 
iltterbags to foRow loot ingiowth ^^d 
pO{Kitation dyrmmi<^ of ttie soil inhsrî ltents. 

Using the 'lo'" and I m m sequence*' 
rmttiod mw cmt get tnfcmfi^dto about t te 
fcnporiarK^ of ttie ctele <r iJhiiiUc^ of 
exposure of Hm material for tts faieadcdowi. 
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