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ABSTRACT

Chloroform fumigation-incubation and chloroform fumigation-extraction approaches have significantly contributed
to assess soil microbia biomass. Some controversy isfoundin theliterature about the suggestion to cal culate microbial
biomass carbon (MBC) without the subtraction of the un-fumigated control, in opposition to the originally proposed
method that requires such subtraction. Some authors consider the non-subtraction proceeding asamore robust method.
Neverthel ess, val uesobtai ned without subtraction of acontrol includeother 1abileorgani c fractionsof soil carbonbesides
microbial biomass. Therefore, due to the usefulness of this measurement we consider more appropriate to call it as
chloroform-fumigation labile C pool or microbial biomass carbon “plus’ (MBC PLUS). We used avast series of data
from soils of Argentinaand Brazil under different management situations to verify whether MBC correlatesto MBC
PLUS. Therewasasignificant statistical correlation betweenvaluesof M BC obtained by fumigati on-extraction method
and the corresponding MBC PLUS. The MBC PLUS performed as well as MBC as an indicator to differentiate soil
managements and their impact on soil quality.
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ALTA CORRELACIONENTREEL “POOL” DE CARBONOLABIL PORFUMIGACIONCON
CLOROFORMO-EXTRACCION (CARBONO DE BIOMASA MICROBIANA PLUS)
Y CARBONO DE BIOMASA MICROBIANA EN SUELOSDE ARGENTINAY BRASIL

RESUMEN

L osmétodosdefumigaci dn-incubaci dny fumigaci én extraccidn han contribuido significativamenteal asdeterminaciones
debiomasamicrobianadel suelo. Enlaliteraturaseencuentran al gunascontroversiasacercadelasugerenciadecal cular
€l carbono de biomasamicrobiana (CBM) sinlasustraccion del control no fumigado, en oposicion alas metodol ogias
tradicional esque requieren de dichasustraccién. Algunosautores mencionan que el hecho deno realizar lasustraccién
hace a procedimiento més robusto. Sin embargo, |os valores obtenidos sin la sustraccion del control incluyen otras
fracciones|abilesdel carbono, ademésdelabiomasamicrobiana. Debido alo Util queresultaestamedidaconsideramos
adecuado Ilamarla“pool” de carbono 18bil por fumigacién con cloroformo o carbono de biomasa microbiana“ plus”
(CBM PLUS). Usamosunaampliaserie de datos de suel osde Argentinay Brasil bajo diferentes situaciones de manejo
paraverificar si el CBM correlaciona con el CBM PLUS. Hubo una correlacion estadisticamente significativa entre
los valores de CBM obtenidos por el método de fumigacidn-extraccion y los correspondientesa CBM PLUS. Este se
vislumbra, & igua queel CBM, como unindicador paradiferenciar situaciones demanejo desuel osy el impacto sobre
sucalidad.

Palabr as clave. Carbono de biomasa microbiana, carbono labil, fumigacién con cloroformo — extraccién, indicador
decalidad desuelos.

INTRODUCTION

Soil microbial biomassisaliving pool containing 1-
5% of the soil organic matter (Jenkinson & Ladd, 1981;
Sparling, 1992), excluding root, meso- and macro-fauna.
Its activity and often fast turnover impact soil charac-
teristics affecting its quality by conduction of bioche-
mical transformation of organic matter being asourceor

asink of plant nutrients(De-Polli & Guerra, 1999; Franz-
luebbers, 2002, Haubensak et al., 2002; Hargreavesetal .,
2003). Microbial biomass determinations may indicate
changes in the soil organic matter before they can be
detected by measuring total soil carbon (Jenkinson &
Ladd, 1981; Powlsonetal., 1987) making possibleitsuse
as an indicator of early changes in soil organic matter
content (Costantini et al., 1996; Cosentino et al., 1998).
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Belowground phenomena have been of increasing
interest due to itsrole on agricultural production, soil
genesis and nutrient cycling, greenhouse gases mitiga-
tionand emissions, bioremediation, biol ogical control of
plant pest and diseases, plant growth promoting factors,
sourceof organismsfor industrial use. Thoseaspectsare
tosomeextensionmediated by thesoil microbial biomass.

Thebasicconcept of treating theentiresoil microbial
populationasasingleentity (Powlson, 1994) waspropo-
sed by Jenkinson (1966). Soil microbiotatreated asaliving
mass in a“black box” isto some extension a holistic
approachwhenit considersthebehavior of thislargeand
important pool, but it isreductionist whenrefersitshuge
biodiversity toasinglemassmeasurement. However, this
biodiversity isnot to be neglected becauseit may account
for thelarge spatial variability of the microbial biomass
measurements.

Several methods have been used to measure soil
microbial biomass: direct counting (Sonderstrom, 1977;
Paul & Johnson, 1977; Grisi & Gray, 1985; Rodriguezetal .,
1992), ATP quantification (Jenkinson & Ladd, 1981;
Jenkinson, 1988; Contin et al., 2001), a physiological
approachlikesubstrate-inducedrespiration (SIR) (Ander-
son & Domsch, 1978), and the lysing-cell approaches of
chloroform fumigation incubation (CFl) and chloroform
fumigation extraction (CFE), briefly described below.

The work of Jenkinson (1966) and Jenkinson &
Powlson (1976) may be considered alandmark on the
assessment of microbia biomassin soil. They inaugu-
rated the chloroform fumigation era on this area of re-
search. Asreported by Powlson (1994), the work of
Jenkinson (1966) was a decomposition study not
orignally planned to devel op amethod for measuring the
quantity of carbon held in the cells form soil living mi-
croorganisms. Thebasic methodol ogy for estimating soil
microbial biomass-C by chloroform fumigation incuba-
tion (CFI) procedure was set up later (Jenkinson &
Powlson, 1976).

A much faster method called chloroform fumigation
extraction (CFE), derived from CFl method, was later
proposedby Vanceetal. (1987) and Tateetal. (1988). CFE
method requires the same fumigated and unfumigated
approaches as CFl method but the carbon released from
thelysed cell is estimated by submitting the soil samples
to a chemical extraction with K SO, 0.5 mol/L, ratio
soil:extractantequal 1:4(Vanceetal.,1987) or 1.2,5(Tate
et al., 1988), and detected in the solution. Even thought
thismethodrequiresshorter times, theamount of chemicals
required isconsiderablefor aroutine adoption in alabo-
ratory. Proceedingsfor thesemethodsareal sofoundwith
someadaptationsin Horwath & Paul (1994) and De-Polli
& Guerra(1999).
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Therationale of the CFl and CFE impliesthat there
is abackground of CO, emission derived from the soil
organic matter besidestheCO, emissionderivedfromthe
living cellskilled and lysed during the chloroform fumi-
gation. In this way, the subtraction of the amount of
carbon evolved as CO, in unfumigated samples used as
acontrol (UF) fromtheamount of carbonevolvedasCO,
in fumigated samples (F) is necessary (Jenkinson et al.,
2004). Thesuggestion of Horwath and Paul (1994) about
calculating the MBC without the subtraction of the
unfumigated control doesnot follow theoriginal concept
of themethod and should beavoid (Powlson, 1994) if one
wants to refer to MBC.

Nevertheless, in practicing thismethodol ogy it isnot
rare to find an unfumigated control with higher values
thanthefumigated treatment, giving anegativevaluefor
the microbial biomass, what is unrealistic. These nega-
tive numbers may be due to stress situations such as
disturbancefor sampling and sieving, or soil drought. A
few daysof soil pre-incubation may avoid thisextraflux
(Powlson, 1994).

Horwath & Paul (1994) suggested, basedonV oroney
& Paul (1984), that no subtraction of an unfumigated
control could be an alternative approach for microbial
bi omassdeterminationthat would overcomethenegative
value events. Franzluebbers et al. (1999) say that
chloroform fumigation incubation without subtraction
of acontrol, unlike that with subtraction of a control,
should be considered amore robust method to determi-
nemicrobial biomassunder awiderangeof environmental
conditions. We suggest to avoid calling the estimation
without subtracting acontrol as soil microbial biomass,
andweconsider moreappropriatetocall itaschloroform-
fumigationlabileC pool or soil microbial biomasscarbon
“plus’ (MBCPLUS).

The objectives of this work were:

1 Toverify if thereisacorrelation between values
from MBC obtained by fumigation-extraction
method and the corresponding MBC PLUS in
which the unfumigated control was not sub-
tracted.

2. Toverifyif theMBCPLUShasthesamediagnos-
tic performanceof MBC assoil management indi-
cator to differentiate early changesin soil quality
due to different management situations and deg-
radation status.
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MATERIAL ANDMETHODS

Weusedinthiswork adatabasecollected by theauthorsduring
many years. Part of these datawas used for MBC cal cul ation (not
MBCPLUS)inpreviouspublications, whichreferencesarecited
in this article. All values were obtained using a fumigation-
extractionmethod (Vanceetal ., 1987). Several Argentinianloca-
tionswereusedfor sampling, representing theprincipal agricultural
zonesof thecountry andthemajor soil ssuch asat Pehuajé (Haplic
Phaeozem), at Pergamino (Luvic Phaeozem), at LaPlata (Luvi-
Vertic Phaeozem), at Marcos Juarez (Luvic Phaeozem), and at
Parana (Haplic Vertisol). Three major great groups of Brazilian
soils from the State of Rio de Janeiro were collected in the
Municipality of Magé (Dystric Gleysol), Paty do Alferes-Avelar
(Hyperdystric Ferralsol) and Seropédica(Hyperdystric Acrisol).
These sets of soils are very contrasting both in its pedological

characteristsandinitsagricultural use. Sampling location can be
seeninFigure 1.

Statistical methodol ogy usedwascorrel ationanalysi sbetween
values obtained by the method of fumigation-extraction with
subtraction of control (MBC) and values obtained without sub-
tractionof acontrol (MBCPLUS) that includeother labileorganic
fractionsof soil carbonbesidesmicrobial biomass. Inthecasewhere
therewaspreviouspublicationfor MBC data, wecitedthecorres-
pondingreference, performedanoriginal analysis(ANOVA) for
MBC PLUS, and made the comparison for the performance of
MBCand MBC PLUSassoil managementindicator. Inthecases
wheretherewasno previouspublicationswecompared MBCand
MBC PLUS behavior as soil indicator for management impact
andcitedthestatistical test. Weperformedthecorrelationanalysis
of these two attributes.

Figure 1. Soil sampling places. 1) La Plata, 2) Pehuajo, 3) Pergamino, 4) Parana, 5) Marcos Juérez, 6) Magé, 7) Avelar, 8)
Seropédica.
Figural. Lugaresdemuestreodesuelos. 1) LaPlata, 2) Pehuaj6, 3)Pergamino, 4) Parana, 5) Marcos Juérez, 6) Magé, 7) Avelar,
8) Seropédica.
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RESULTS AND DISCUSSION

Asregards Argentinian soils, therewasahigh signi-
ficant correlation (P<0.01) betweenMBCandMBCPLUS
(r=0.99) for soilsfrom Pehugj6, ascanbeseenintheFigure
2a. These data were obtained from an experiment with
different crop rotations and soil tillage, wheretherewas
statistical differenceamongall treatmentsfor MBC data,
asdescribedin Costantini et al. (1995). The same statis-
tical differenceswerefoundwhenperformingtheANOVA
onMBC PLUSdata(Table 1).

For samples taken in Paranaregion, the correlation
analysiswashighly significant (P<0.01) betweenMBCand
MBCPLUS(r=0.99) asshowninFigure2b. Four different
plot areas representing a gradient of soil degradation as
indicated by chemical and mainly morphological
characteristics (A horizon depth) were used, as described
by Cosentino & Costantini (2000). They showed only a
tendency in the MBC values, without statistical signifi-
cance when analyzed by Cosentino & Costantini (2000),
and the same occurred for MBC PLUS (Table 1).

Nearby LaPlataCity, alargenumber of sampleswere
taken for thiswork in an area dedicated to horticultural
production with very contrasting farming management
(organic horticulturewith reducedtillageduring 5 years
and with conventional tillage during 20 years, conven-
tional horticulture during 5 years and during 20 years)
and acontrol plot. Correlation analyses showed signifi-
cance(P<0.01; R=0.70) betweenMBCandMBCPLUS
(FigureZ2c).

Datafrom Pergamino (Argentinian Pamparegion) also
showed highsignificancefor MBCand MBC PLUS(P<
0.01; r=0.98) asshownonFigure2d. Inthiscasesamples
came from different management situations such as soil
withintenseplowing practicefor long period of time, soil
under pasture, native prairie and soil that received
organicamendment. Thenativeprairie, organicamended
soils and cultivated grasslands gave the higher values
forbothMBCandMBCPLUS. (903,422,502ugCgtsoil
for MBC; 1169, 684, 647 ug C g ** soil for MBC PLUS

respectively)

Table 1. Microbial biomass carbon (MBC) and microbial biomass carbon “plus’ for Pehuajé and Parana soils.
Tablal. Carbonodebiomasamicrobiana(MBC)y carbonodebiomasamicrobiana“plus’ (MBCPLUS) paral ossuel osdePehuajo

y Parana
LOCATION : PEHUAJO
MBC ® MBC PLUS
(HCg'sail)  (ngCg'soil)
8 yr Mixed Pasture + Oat crop 3795a 504.82 a
5 yr mixed pasture + maize crop under no tillage 268.0b 350.67 b
5 yr mixed pasture + maize crop under conventional tillage 123.0c 224.64c

LOCATION : PARANA

MBC @ MBC PLUS

(MCg'sail)  (HCg'soil)
Native forest. A horizon 25-30 cm depth. 530.7a 599.46 a
20 years after deforestation. Uncultivated for the last 3 years. A horizon 5-30 cm depth. 533.2a 597.87 a
40 years after deforestation. A horizon 15-20 cm depth 450.3a 523.89a
30 years after deforestation with continuous agriculture. A horizon 10-12 cm depth 53l1a 606.43 a

Different letters show significant differences between soil managements for each determination and location (Tukey’s test, P<0.05).
Y Data extracted from Costantini et al. (1995). @ Data extracted from Cosentino & Costantini (2000).
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Figure 2. Correlation between microbial biomass carbon (MBC) and microbial biomasscarbon“plus’ (MBC PLUS) from data
obtained at different sampling places. a) Pehuaj6, b) Parand, c) LaPlata, d) Pergamino, €) Marcos Juérez, f) Avelar, g) Magé,
h) Seropédica.
Figura2. Correlacion de carbono debiomasamicrobianay carbono debiomasamicrobiana“ plus’ apartir delosdatosobtenidos
en diferentes |ugares de muestreo. a) Pehuajé, b) Parand, c) LaPlata, d) Pergamino, €) Marcos Juérez, f) Avelar, g) Magé, h)
Seropédica.

Ci. SUELO (ARGENTINA) 25(1) 15-22, 2007



20 HELVECIO DE-POLLI et al.

For the last group of soils from Argentina, alarge
amount of datafromseveral experimentswithdifferentcrop
rotations and tillage systems was obtained in the Experi-
mental Agricultural Station “Marcos Juarez” (Instituto
Nacional deTecnologiaAgropecuaria-INTA). Croprota-
tions and tillage systems were: corn monoculture under
three tillage systems, corn-wheat/soybean-wheat, under
reduced tillage and no-tillage. The MBC analyses were
performedby Costantini etal. (1996); Costantini (1997) and
Cosentinoetal. (1998). For thepresent work weperformed
the correlation analysisfor MBC and MBC PLUSwhich
resultedsignificant (P<0.01; r=0.86) asshowninFigure2e.

WithrespecttosoilsfromtheBrazilian Federal Repu-
blic, we worked in three different situations. In the first
case, aset of datawascollectedfor thiswork intheAvelar
region of Paty do AlferesMunicipality, from soilsunder
different management system including coffee (Coffea
arabical.) plantation, horticultural practice, and forest.
The MBC and MBC PLUS correlation was not so high
asshown beforefor thetreatment of organic amendment
and sampling time but still ahigh significant correlation
was obtained (r = 0.66; P<0.01) as shown in Figure 2f.

The second data set was from the Municipality of
Mageé (costal lowland region of Rio de Janeiro State).
Different horticultural farming managementswere ana-
lyzedindifferenttimeof theyear withcontrastingclimatic
conditions. The MBC data presented significant differ-
enceshbetween samplingtimeand alsofor different treat-
mentsof soil management (Costantini & Segat, 1994). The
ANOVA for MBC PLUS showed the same level of sig-
nificance obtained before for MBC. Besides, applying
correlationanaysestothewhol e set of data, weobtained
high significance for MBC and MBC PLUS (P < 0.01;
r=0.80) as shown on Figure 2g.

Finally we analyzed alarge number of data obtained
at the Agroecological Farm of the EmbrapaAgrobiol ogy
Center in SeropédicaMunicipality, Rio de Janeiro State,
from ahorticultural experiment with lettuce (Lactuca sa-
tivaL.) and carrot (Daucuscarota L.) amended with four
farmyard manuredoses (0, 12, 24 and 48 Mg ha?) where
MBCandMBC PLUSweremeasuredfour timesduringthe
crop season (1, 6, 57 and 101 daysafter planting). Results
showed high correlation between MBC and MBC PLUS
(correlationcoefficientsof 0.96; 0.98;0.99and 0.91; P<0.01,
for samplingtimeof 1, 6, 57 and 101 days after planting,
respectively). Fig 2h showsthe correlation analysisfrom
thecombineddata(r=0.97; P<0.01). ANOVA andTukey’s
test showed amost thesameseparationfor MBCandMBC
PLUS, both for the organic amendment treatments and
sampling times (Table 2).
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CONCLUSIONS
1 Therewasahighsignificant statistical correla-tion
between values of MBC obtained by fumigation-
extraction method and the corresponding MBC
PLUS, where the non fumigated control was not

subtracted.

2. TheMBCPLUSperformed aswell asMBC assoil
managementindicator todifferentiatesituationsof
soil management andtheimpactonitsquality. MBC
PL USdetermination constitutesan advantagewith
respecttoMBC, sinceitislesstimeconsumingand
saves chemicals, facilitating its adoption in the
routine of soil test laboratory.
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