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Summary. The purpose of this paper was to introduce a nethod for measuring soil organic
matter mineralisation at the start of incubatistalt respiration — SR)as a supplement for other
types of respiration, likeeactive respiration (RR), basal respirati¢BR) andlong term respira-
tion (LTR). The effect of temperature and time of lessive swlbation on C@evolution was
determined. Soil samples were incubated for 7 day&®'C to determineSR, RR and BRand for
35 days at 2% to determine.TR. Statistical analysis showed that the total amafn€0, re-
leased from soil as well as the rate of organib@ar(G,g) mineralisation were significantly de-
pendent on the time of soil incubation in all tym#smeasured respiration. The results obtained
confirm our hypothesis that determinationstédirt respirationis justified when respiration meth-
ods for investigation of £, mineralisation in soil are used. In this casealig= fraction of G in
soil solution is taken into account. Other typesesipiration RR, BR and LTRexpressed in time
of incubation give us information about soil orgamiatter degradability and availability.
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INTRODUCTION

Respiration activity of soil is the most importartitaracteristic of the soil
biological activity. It depends on many factorselithe kind of substrate, soil
moisture, temperature, texture, structure, densityrient availability, pH, pres-
ence of heavy metals and pesticidesi&!i and Stpniewski 1973, Andersen
1982, Fang and Moncrieff 2001, Vanhala 2002, Heingl. 2006].

The amount C®produced and released is a very strong indicdttreosoll
microbiological metabolisms. It reflects the intéypof soil organic matter de-
composition and mineralisation and the activitynoicroorganisms in soil,
and it is often used for biomass determination [@sdn and Domsh 1990,
Brookes 1995, Kubadt al 1999, 2002, Brzefiska 2006].
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There is a close relationship between the soiliratspn activity, microbial
biomass C and total organic C content [Wlodarceykl 2003, Rizek et al.
2004, 2005]. Soil respiration activity is, howeveather variable depending on
the number of biotic and abiotic factors, mainly the physical and chemical
properties of soil, abundance and diversity of soitroorganisms, substrate
availability, aeration, soil temperature and moistin situ measurements of soil
respiration activity (C@ production) belong among the basic characteristic
the carbon cycle and its sequestration to soil [Aloand Apfelthaler 1964, Kli-
maneket al 1979, Mercilet al 1999, Ryan and Law 2005, Cerhanetval 2006].

Soil temperature and incubation time influence$ miérobial CQ evolu-
tion. Soil temperature affects microbial processetsvity and organic substrate
decomposition, but soil microbial respiration (C&aluation) expressed in time
of incubation informs us about organic matter deghbdity and availability.

There are some incubation methods for measuringntkasity of organic
matter mineralisation (expressed by L£é&valuation). Apfelthaler [1994] sug-
gested CQ@evaluation measurement after 3 days of incubdtiective respira-
tion) and after 7 days of incubatiobasal respiratioh at 28C. Klimanek [1994]
proposed five-week incubation at°25(ong-term respiratioh In our opinion
the easiest available organic substrate is utilisedediately after vessels closed
during laboratory incubation. Because of that wggest CQ evaluation meas-
uring more frequently during the first day of inatibon and call istart respira-
tion. In our opinion only these three methods givehgsgossibility to measure
the whole spectrum of organic matter availability.

The main purpose of this study was to introducewa method for measur-
ing organic matter mineralisation at the startrafubation §tart respiration—
SR, as a supplement teactive respiration(RR), basal respiration(BR) and
long-term respiratior(LTR).

MATERIALS AND METHODS

For the investigations, samples derived from Apzoor of lessive soil (Haplic
Luvisol) were used. The granulometric compositibtine soil was sandy-silty loam,
pH in H,O 5.19 and in 1M KCI 4.46, organic carbon conte®54y kg'.

The respiration activity of soil was measured as @©duction after incu-
bation of 2.5 g soil portions which were placedjiass bottles and watered to
20% of moisture content, then tightly covered witiibber stoppers and incu-
bated in three steps. The gases evolved from theexe collected with a syringe.

The T' incubation step was at 28 for 24 h, with CQ collection after 5,
15, 30, 45 minutes and 1, 2, 6, 12 and 24 hours. dltithors termed this step
start respiration(SR) It determines dissolved organic C used by micraaisyms.

The 29 step was at 28 for seven successive days. The value of respirati
after the first three days is named by Apfelthdl994] reactive respiration
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(RR), and after the next four daydasal respirationBR). Gases were collected
each day at a previously established fixed time.

The 3" step — at 2% for five weeks, with respiration measuremenisrat
week intervals, was named according to Klimanelf]®ng term respiration
(LTR). Gases were collected at the end of each week.

Temperatures of 26 and 28C were selected as being optimal for the de-
velopment of bacteria [Kobus 1995].

The quantitative index of organic carbon minerdiligain soil (soil respira-
tion) was CQ released from it. Carbon dioxide was determinedn@ans of a
gas chromatograph (Shimadzu GC-14A) equipped witdrntal conductivity
detector (TCD) on column filled with Porapak (TCéntperature 61T, column
temperature 4T, gas flow 60 ml min) [Wiodarczyk 2000].

The intensity of C@release was calculated as follows: data from sach
cessive period of incubation were subtracted fronsé¢ of the preceding one
and then divided by incubation time expressed imutais for SR and in days for
RR, BR and LTR. These data were then used to edéctihe per cent GQOe-
lease from soil in individual periods of incubatiofhe sum activity of all the
periods of incubation was equal to 100%.

STATISTICAL ANALYSIS

The results were statistically elaborated includamglysis of variation us-
ing the Statgraff software (95% LSD), and analydisegression using MS Ex-
cel. The calculated relations were then describigd kmear, power, logarithm
and exponential equations. The description of éhationship analysis was made
using the best fitted function.

RESULTS

Cumulative soil microbial CO, evolution as a function of time of incubation

Figure 1 (a, b, c) shows the sum of O®leased from the soil during the
first 24 h of incubation at 28 (SR, after the first week of incubation at°Z3
(RR and BRR and during 5 weeks of soil incubation at@%s a function of time
(LTR. The relationship between the cumulative amodr€©, released from
the soil and incubation time is described by a tpasilinear function for all
types of respiration, with coefficient of deterntioa (R’) of 0.960, 0.979 and
0.976 (P < 0.001) foBR, RR+ BRandLTR, respectively. Statistical analysis
shows that the sum of G@eleased from the soil is strongly connected titte
of soil incubation, which isonfirmed in all types of respiration.
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Fig. 1. Cumulative amount of G@elease during (atart respiration(SR), (b) reactive respiration
(RR andbasal respiration(BR) and (c)long term respiratioflLTR)
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Activity of soil microbial respiration as a function of time of respiration

Figure 2 presents the amount of Cfeleased from the soil during the first
24 h of incubation at 28 (SR converted to 1 min of incubation (data of each
successive day of incubation were subtracted floose of previous data and
divided by the number of minutes).
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Fig. 2. CQ release from soil duringtart respiration(SR converted to 1 min of incubation time

Figures 3a and 3b show the amount of,C&eased from the soil during
the first week of incubation at 28 (RR and BRconverted to one day of incu-
bation (from the second day the first was subthdtem the third — the second,
etc.) as a function of time.

In Fig. 4 we can see the amount of £€&eased from the soil during five
weeks of incubation at 26 (LTR) converted to one day of incubation (first
week of incubation was divided into 7; from the st week of incubation the
first week was subtracted and divided by 7, ets.adunction of time. Activity
of soil microbial CQ evolution is described by negative curvilineardtions for
SR, RRandLTR, and a positive rectilinear function f8R. Negative functions
indicate different quality of g, and different susceptibility to biological de-
composition. A significant positive relationship svaroved foiISR, RRandLTR
and not significant foBR It means that the activity in GOelease from the soill
is strongly connected with time of soil incubatiand is inversely proportional
to the length of this time, except BR.

For SRthe rate of CQ release from soil during the first 24 h of incubat
was very high already in the first 5 min and rapidtopped in further time of
incubation. This proves that microbes use, at tvee$t energy consumption,
Corg as dissolved form in soil solution.
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Fig. 3. CQrelease from soil during the first 3 daysr&gctive respiratioRR and following 4 days
(b) basal respirationBR) of soil incubation converted to 1 day

For RRandBR (treated as the first week of incubation) two Eeak soll
microbial respiration were observed after the fast the sixth day of incuba-
tion. This indicated that during the first 5 dayfsimcubation easily available
organic carbon was used, and after that time fabbwnicrobes adaptation to
decomposition of hardly decomposeg,C

The third type of microbial respiratioh {R), prolonged in time and at lower
temperature, shows an inhibited rate gf @lecomposition and the possibility
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Fig. 4. CQrelease from soil durinigng termrespiration(LTR) of soil incubation converted to 1 day
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Fig. 5. Cumulative amount of G@elease from soil during first week of incubatairihe temperature
of 28°C (BR) and at 2%C (LTR)

of using hardly available carbon. Cumulative amaf€O, released from soil
at the first week of incubation duringlrR was about 25% lower than during
analogous time oRR + BR(Fig. 5).LTRis characterised by the highest coeffi-
cient of correlation with time of incubation.
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Fig. 6. Percent of CQrelease per min during (afart respiration(SR), per day (b) duringeactive
respiration(RR) and basal respiratiofBR) and per week (¢) duririgng term respiratiof{LTR)
as a function of time of incubation
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Figures 6a, b, c show percentage share of @@ase from soil for particu-
lar hours ofSR(a) converted to 1 min of incubation (the sumG8%), for par-
ticular days durindRR+ BR (b) (% was counted for daily incubation; from each
successive day of incubation the preceding day swéracted; the sum of 7
days was 100%) and for particular week of inculmatiaringLTR (c) (% was
counted for weekly incubation; from each successveek of incubation the
preceding week was subtracted; the sum of 5 weelks1®W0%). Considering %
share of CQ released from the soil, the results obtained stiatvpool of car-
bon very easily available during the first 24 h waed by microorganisms in
the amount of 86% already during the first 5 minrafubation. This confirms
our hypothesis concerning the proposal of the rew start respiration(SR
when respiration methods are used for quantitatatermination of intensity of
Corg mineralisation in soil. In this case it is not pthe carbon fraction that is
subject to easy mineralisation that is measuretl,also the fraction already
mineralised and dissolved in soil solution. It segmbe that for practical use of
this method measurements of L@eleased from soil after 5, 15, 30, 45 and
120 min are enough.

Data presented in Fig. 6b show that duriig about 53% &4 has been
mineralised. If we add to this result the amoun€@k released from soil during
the 4" day of incubation, during which microbes probabée carbon of similar
susceptibility to mineralisation (except f8Rintensity of CQ released from
soil slightly decreased in time), mineralisationatfout 65% was obtained. It
seems that adoption of 3 days RR provides sufficient conventional time for
comfortable comparison of results obtained foredéht soils. However, this
time does not reflect mineralisation of{of various susceptibility to microbial
decomposition and can be different for variousssdihe time of 4 days fdRR
could be accepted when mineralisation rate decseamasiderably. It is proba-
bly from the fifth day of incubation that microbstart mineralisation of not easy
available G

Quite a different situation fdtTRis presented in Fig. 6¢ where the rate of
Corg. mineralisation decreased almost monotonously itk of soil incubation.

Summing up we can say that the proposed meth&Rdktermination can
be a valuable complement for soil characteristiith vespect to ¢, content of
different susceptibility to microbial mineralisatioFor this reason it can be
complementary to the methods used so RIR,(BRandLTR) for quantitative
determination of intensity of & mineralization in soils, based on the use of
incubation methods in carbon mineralisation in dixéeme and temperature
[Apfeltaler 1994, Klimanek 1994, Merciit al. 1999, Cerhanovet al. 2006].

The results obtained show that for the determinatib intensity of G
mineralisation in soils with the use of incubatim®thod, the amount of GO
released from soil should be converted to unitmét for SRin minutes, and for
other types of respiration — in days. Such a fofmesult presentation gives us
the possibility to compare them in different soils.
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CONCLUSIONS

1. The results obtained confirm our hypothesis teermination obtart
respirationis justified when respiration methods for quatitita determination
of Cyg. mineralisation intensity in soil is used, becaudakes into account dis-
solved carbon fraction in soil solution.

2. The other types of respiratioRR, BRandLPR) expressed in time of in-
cubation inform us about organic matter decompmsiind availability.

3. Statistical analysis showed that the sum of l@@ased from soil as well
as the rate of & mineralisation are significantly related to thetbation time
of soil in all types of respiration.

4. For better understanding susceptibility gfy@ineralisation in soils, re-
sults should be presented per a unit of time.
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NOWY ASPEKT POMIARU AKTYWNGSCI ODDYCHANIA GLEBY

StreszczenieCelem pracy byto wprowadzenie nowej metody pomsaopnia mineralizacji wgla
organicznego w poatkowej fazie inkubacji ¢ddychanie startowe OS), jako uzupetnienie do
oddychaniareaktywnegaOR), oddychania podstawowed®P) oraz oddychania dtugotrwatego
(OD). W pracy badano wptyw czasu i temperatury n&ileydzielonego C@w warunkach do-
$wiadczenia inkubacyjnego gleby ptowej bez wzboga&eobki glebowe inkubowano przez 7 dni
w temperaturze 28°C, gdzie badad8, ORi OP, oraz w temperaturze 25°C przez 35 dni, gdzie
badancOD. Analiza statystyczna wykazata zar6wno sumaryczne wydzielanie £fak i tempo
mineralizacji G jest istotnie zwjzane z czasem inkubacji we wszystkich typach miego
oddychania. Przeprowadzone badania potwiegdaaga hipotez, ze wyznaczenieddychania
startowegoma swoje uzasadnienie przy wykorzystaniu metogirasyjnych w okrélaniu ilo-
sciowego oznaczenia intensywitd mineralizacji C organicznego w glebie, poniewavzgkdnia
pomiar frakcji rozpuszczonej w roztworze glebowyitosé wydzielonego CQ w pozostatych
typach oddychaniaQR, OPi OD) wyrazona w czasie informuje o stopniu rozktadu oraz gra-
jalnosci wegla organicznego.

Stowa kluczowe oddychanie gleb mineralnych, oddychanie startowaktywne, podstawowe,
dtugoterminowe, wydzielanie GO



