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Overestimation of Soil Respiration?

Root and microbial respiration is considered to be the main source of co, production in soil; however,
calcite dissolution in calcareous soils may contribute to the emitted CO,. The major aim of this research
was to quantify the contribution of CaCO; dissolution to CO, emission from a soil with and without
the addition of an organic residue. Emissions of CO, and its 313C from incubated noncalcareous (Golan
Heights [GH], —26.23%o) and calcareous (Bet She’an [BS], —11.47%o) soils with and without the addition
of a pasteurized chicken manure (PCM, —23.2%o) were determined. During 56 d of incubation, 445 and
1804 mg kg™! CO,-C emitted from BS and GH soils, and PCM application caused additional emission
of 2430 and 1884 mg kg™! CO,-C, respectively. The NO;™-N concentrations in the control BS and GH
soils were 46 and 133 mg kg™ and PCM application increased it to 508 and 577 mg kg1, respectively. The
emitted CO,-8'3C from BS and GH soils were —20.0 = 0.2%o and ~27.2 = 0.09%o and application of
PCM changed it to ~20.6 £ 0.42%o0 and —23.7 £ 0.16%o, respectively. Consequently, the contributions of
the inorganic source to CO,-C emission from BS without and with PCM and from GH with PCM were
113.4,417.5, and 176 mg kg_1 (26.5, 14.5, and 5% of the total), respectively. We suggest that oxidation of
organic matter, mineralization of organic N, NH 4 nitrification, oxidation of organic S, and production of
organic acids caused chemical dissolution of calcite and CO, emission. Ignoring this process will result in
overestimation of the respired C.

Abbreviations: BS, Bet She’'an; GH, Golan Heights; OR, organic residues; PCM, pasteurized chicken
manure; SOM, soil organic matter.

ost of the studies dealing with CO, emitted from soil assume that all the

CO, emitted from the soil is due to respiration (Bolinder et al., 1999; Zak
et al,, 1999; Kuzyakov and Domanski, 2000; Kuzyakov, 2006). Is this assumption
valid in calcareous soils, which contain large amounts of inorganic C and cover
>47% of Earth’s land area (Lal, 2009)? An incubation study that included a calcar-
cous soil from the Mojave Desert indicated that up to 13% of the total C efflux may
be contributed by the dissolution of carbonate (Stevenson and Verburg, 2006). A
recent incubation study conducted by Bertrand et al. (2007) in five agricultural
soils with different CaCO; contents indicated that up to 35% of total C efflux may
be contributed by the dissolution of carbonate. This information indicates that the
measurement of CO, emission may lead to overestimation of the soil organic mat-
ter (SOM) turnover in arid and semiarid soils.

Isotopic measurement of C02—13C fluxes is a useful tool to estimate the
source of CO, emitted during respiration experiments. The isotopic signature of
soil organic matter is a function of the relative contribution of C, (813C = -27%0)
vs. Cy (613C = —13%o) plants to the soil organic C (Midwood and Boutton,
1998). Soil inorganic C can be distinguished from organic carbonate because it has
less negative §!3C values. Lithogenic carbonate, which is generally derived from
marine limestone, has §13C = 0%o (West et al., 1988), and secondary carbonate has
813C = —10 to —12.5%0 (Salomons and Mook, 1976; Magaritz and Amiel, 1980).
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Table 1. Properties of the Golan Heights and Bet She’an soils
(SE in parentheses).

Golan
Variable Heights Bet She’an

Texture, g kg™

Sand 315 (0) 300 (0)

Silt 310 (17) 325(17)

Clay 375(17) 375(17)
Cation exchange capacity, cmol kg™ 42.1(0.3) 34.1 (0)
pH 6.8 (0.02) 7.7 (0.07)
CaCO,, g kg™ 2.0(0.03)  628(15)
Organic matter, g kg~ 26 (2) 26 (0)
C/N ratio 12.9(0.2) 11.5(0.1)

§13C whole soil, %o -26.23 (0.3) -11.47(0.2)

§13C carbonate fraction, %o UDLt —-7.05 (0.04)

§13C soil organic matter, %o -26.73 (0.4) —24.60 (0.1)

+ Under detection limits.

Only a few studies have used these properties for the estimation
of the inorganic carbonate contribution to the overall CO,-C
emissions from calcareous soils (Stevenson and Verburg, 2006;
Bertrand et al., 2007).

The decomposition of SOM and applied organic residues
(OR) in soil can generate acidity that can result in CaCOj dis-
solution to the soil through several processes: (i) nitrification of
the mineralized N (Conyers et al., 1995; Liu et al., 2008); (ii)
oxidation of reduced S (de Vries and Breeuwsma, 1987); and (iii)
production of organic acids (Lindsay, 1979).

The application of OR and their composts in agriculture is
increasing as a strategy for enhancing soil fertility and for C se-
questration (Khalil et al., 2005; Gale et al., 2006). There is no in-
formation in the available literature on the effect of OR applica-
tion to calcareous soils on the possible enhancement of CO, evo-
lution due to CaCOj dissolution. The major aim of this research
was to evaluate and quantify the contribution of CaCOj; to CO,
emission from soils with and without organic matter application.

MATERIALS AND METHODS
Soils

Two soils from Israel were used in this study: Golan Heights (GH)
(a Chromic Haploxerert) and Bet She'an (BS) (a Typic Calciorthid).
These soils were selected for our study based on their resemblance in
most properties except their CaCO; content: 2 g kg™l in the GH soil
and 630 g kg™! dry soil in the BS soil. The soils were collected from the
upper 0- to 10-cm layer, air dried, and ground to pass a 2-mm sieve. The
vegetation in the GH soil was an open park forest formation of Quercus
ithaburensis Decne., Pistacia atlantica Dest., and Ziziphus spina-christi
(L.) Desf., with subforest of primarily perennial Gramineae species. The
last agricultural crop on the BS soil was cotton (Gossypium hirsutum L.)
with a §13C range between —24 and —27%o (Leavite et al., 1994; Saranga
et al, 1999) and the rotation of crops in the last 4 yr included tomato

(Esculentum lycopersicon L.) with a §13C range between —24 and —27%o

(Martin and Thorstenson, 1988), and alfalfa (Medicago sativa L.) with a
§13C range berween —22 and —24%o (Klumpp et al., 2005). The calcim-
eter method was used to determine the CaCOj content. Soil samples (0.3
and 5 g of BS and GH, respectively) were weighed by analytical balance.
The samples were placed in the calcimeter, which contained a bottle with
10 mL of HCI (5%). The evolved CO, gas from the reaction between
the soil and acid pushed a solution of KCl up the measuring tube and the
volume change was measured. The determination of the CaCOj content
was based on calibration with analytical CaCO and HCI (5%) (Nelson,
1982). The pH was measured in a 1:2 soil/water extract using a Mettler
Delta 320 pH meter (Mettler-Toledo, Columbus, OH). Total C and N
and organic C contents were determined by N and C analyzer (Flash EA
1112, Thermo Fisher Scientific, Waltham, MA). The cation exchange
capacity (CEC) of the noncalcarcous soil was determined by saturation
with 1 mol L™! NaOAc and displacement by 1 mol L™} NH,OAc after
the salts were washed by 96% ethanol to an electrical conductivity <10 pS
m~L. The CEC of the calcareous soil was determined by saturation with
0.1 mol L™! NaOAc + 0.4 mol L™! NaCl (pH 8.2) and extraction by 0.25
mol L™ Mg(NO,), (pH 7.5) after washing with 96% cthanol (Rhoades,
1982). The concentrations of NH* and NO,~ were measured in a 1:5
soil/solution of 1 mol L™! KCl extract using an autoanalyzer (Quickchem
8000, Lachat Instruments, Loveland, CO). The soil texture was deter-
mined by the hydrometer method based on Stokes” law (Gee and Or,
2002). Selected properties of the two soils are shown in Table 1.

The 8!3C of the C of air-dried soil samples (ground to pass a 0.5-
mm mesh) was determined with elemental analysis—isotope ratio mass
spectrometry (EA-IRMS) using an element analyzer (Thermo Finnigan,
Milan, Iraly) and a Delta V+ isotope ratio mass spectrometer (Thermo
Scientific, Bremen, Germany) at the stable isotope analytical facility of
the Geological Survey of Israel. The §13C of the SOM C was determined
with the same EA-IRMS apparatus (Geological Survey of Isracl) after
removing all the soil carbonate using the HCI (vapor) method for 12 h.
This method was detailed at length in Komada et al. (2008). The §13C of
the Cin the CaCOj in the BS soil was determined by the following pro-
cedure. One gram of dry soil sample (ground to pass a 0.5-mm mesh)
was placed in a 60-mL bottle with a septum cap, and 12 mL of 5% HCI
was added to dissolve the carbonate fraction. A 12-mL air sample was
withdrawn from each bottle by a 12-mL syringe and injected into a 12-
mL evacuated bottle. The CO, concentrations and the 813C of the CO,
was measured by gas chromatography—mass spectrometry on a PDZ
Europa 20-20 isotope ratio mass spectrometer (Sercon Ltd., Cheshire,

UK) in the Stable Isotope Facility of the University of California, Davis.

Organic Residues

Pasteurized chicken manure (PCM) was prepared by an aerobic
fermentation process at 70°C for 48 h. The PCM was dried at 60°C
and ground to pass 2-mm sieve. The total organic C and total N con-
tents of the PCM and its §13C were determined by the same methods

as for the soil samples.

Incubation Procedure

Triplicate 300-mL jars containing 40 g of soil (on a dry basis), ei-
ther unamended or amended with PCM, were incubated for 1, 3, 7, 10,
14, 21, 28, 45, or 56 d at 30°C and a moisture content of 80% of field
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capacity. The jars were covered tightly with thin plastic film perforated
with few needle holes to ensure gas exchange. The water content was
readjusted by weight once a week using deionized water. The treatments
were: control (soil only) and PCM (18.75 g kg™1). The PCM addition
was 50% higher than the amount of compost applied in field practice
(30 Mg ha™! incorporated to 15 ¢m) to enhance the quantity of miner-
alized CO, produced in the short incubation times. The residues were
added to the soil and thoroughly mixed. At each time interval, the ex-
tractable NH,* and NO; ™ and the pH of the soil solution were deter-
mined as described above for the initial soil.

A separate set of quadruplicate 300-mL jars, with the same soil treat-
ments as described above, were incubated for 1, 3,7, 10, 14, 21, 28,45, and
56 d under similar conditions for measurements of CO, evolution rates
and measurement of CO,~'3C. At the end of each time, the 300-mL jars
with the soil samples were placed into larger (1-L) jars with septa, which
were kept hermetically sealed for 24 to 144 h, depending on the estimated
CO, evolution throughout the incubation. Gas sampling and measure-
ments of CO, and COZ—BC concentrations were conducted using the

same procedure as described for the acidified soil carbonate above.

Calculations
The atmospheric air in the jar diluted the isotopic signature of the
emitted C02—13C from the soil. Therefore a correction was done us-

ing the equations of mass conservation, according to Mary et al. (1992),

Pataki ct al. (2003), and Yakir and Sternberg (2000):
C.=C,+C, 1]

where C, and C| are the measured CO,—C concentrations of the air in
the jar after incubation of the soil sample and the blank air, respectively,
and C, is the calculated unknown concentration of the emitted CO,-C

from the soil, and
6tCt :61C1 +62C2 (2]

where &, and 8, are the isotopic signatures of the C from the air in the
jar after incubation of the soil sample and the blank air, respectively, and
8, is the calculated unknown isotopic signatures of the emitted CO,-C
from the soil.

Substitution of Eq. [1] into Eq. [2] gives the complete general

solution:

C, :M (3]
61 _62
When the soil was composed of two components, such as SOM and
carbonates, we solved Eq. [3] for the whole soil to account for the air
dilution and then we solved Eq. [3] for § and C as the isotopic signature
and the C concentrations, with subscripts t, 1, and 2 representing the
total soil, SOM, and inorganic carbonates, respectively.

For the amended soil that already contained two components
(SOM and inorganic carbonates), the applied PCM was an additional
source for CO, emission; therefore Eq. [1] and [2] were extended to
(Mary etal., 1992)

C,=C+C,+C, [4]

0.C =8,C,+0,C,+06,C, (5]

The COZ—BC flux from the decomposition of the PCM can be calcu-
lated, assuming that the C flux from the decomposition of the SOM is
not affected by the PCM application:

C3:(6t_61)Ct_(62_61)C2 [6]
63_61

where C; and 85 are the concentration and isotopic signature, respec-
tively, of the CO,—C emitted from the applied PCM.

RESULTS
Soil and Organic Residues Properties

Bet She’an and Golan Heighes soils differ from each other
in their carbonate content, but their particle size distribution,
SOM contents, and C/N ratios are similar (Table 1). The much
more positive §13C signature of the BS soil (~11.47%o) com-
pared with the GH soil (—26.23%o) reflects the impact of the
high carbonate content of the BS soil on its isotopic C signature.
The §13C of the SOM in the BS and GH soils was —24.60 and
—26.73%o, respectively. These results correspond with the his-
tory of C; plants (approximately —27%o; Cerling et al., 1989)
grown on both soils, as presented above. The isotopic C signature
value of the whole GH soil was not significantly different than
that of the SOM component of this soil. The §13C of CaCOyin
the BS soil, =7.05%o, is close to the values reported by Magaritz
and Amiel (1980) for the §13C of soil carbonate in soil samples
from the same region (=5 to —6%o). In addition, Magaritz and
Amicl (1980) found that the average isotopic C signature of the
parent materials in this area was —2.5%o.

The total organic C, total N, and NH 4—N contents in the
PCM were 363,39,and 5.5 g kg_l, respectively. The pH of the
PCM was 6.8 due to its CaCO; component (43 g kg_l). The
613C of the PCM was —23.20%o, and the §!3C of the CaCO,
fraction in the PCM was —3.39%o.

Incubation Study
Carbon and Nitrogen Mineralization

The maximum flux of CO, from the zero-PCM control,
observed on the first day of the incubation, was 73 and 170 mg
CO,-C kg™! d7! in the BS and GH soils, respectively, which
then gradually decreased (Fig. 1a). The cumulative emitted CO,
during the 56-d incubation was 445 and 1804 mg CO,-C kg71
in the BS and GH control soils, respectively. These amounts are
10.9 and 2.7% of the total organic C in the GH and BS soils, re-
spectively. The much larger fraction of mineralized C in the GH
soil than the BS soil was probably due to the fact the GH soil was
an uncultivated soil, and uncultivated soils are known to contain
a larger fraction of readily oxidizable SOM than do cultivated
soils like the BS soil (Saviozzi et al., 1999). The application of
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Fig. 1. The cumulative release of CO,—C during the incubation of (a)
soil without pasteurized chicken manure (PCM) (control) (V Golan
Heights; O Bet She’an), and (b) with PCM (after subtracting the
cumulative released CO,~C from the control treatment) (V Golan
Heights; @ Bet She’an).

PCM greatly increased CO, emissions in both soils. The maxi-
mum flux of CO, from the PCM (after subtracting the amount
of flux in the control soils) on the first day was 400 mg CO,-C
kg~! d~! in both soils, and the net emission of CO, contributed
by the PCM application during 56 d of incubation was 2430 and
1884 mg C kg™ ! (accounting for 37 and 29% of the organic C
in the PCM) in the BS and GH soils, respectively (Fig. 1b). The
PCM was a very unstable pasteurized composted manure that de-
composed rapidly, as shown by Heller et al. (2010), who reported
that 74% of the PCM-C applied to a field was evolved as CO,-C
in 1 yr under sweet corn (Zea mays L.) production. The difference
in cumulative emissions of CO,-C occurred from the 10th d of
incubation to the end of the incubation, when the emissions from
the BS and GH soils were 740 and 413 mg C kg_l, respectively.
The initial concentration of NH,*~N in the two control
treatments was approximately 10 mg kg_l dry soil, whereas much
higher values were seen after the PCM treatment (Fig. 2a). The
concentration of NH,*~N in the PCM treatment in both soils
increased rapidly from an initial value of 103 mg kg™! dry soil
to maximum concentrations of 290 to 300 mg kg1 dry soil but
then decreased to the initial value. The main differences between
the two soils were in the rate of the production of NH,*-N by
mineralization and the rate of oxidation to NO;™. In the BS
soil, the maximum concentration of NH,*~N was seen after 1 d
and in the next 5 d it declined steeply, whereas in the GH soil it
took S d of incubation to reach the maximum concentration and
then it declined slowly. This probably reflects the influence of a
relatively high C/N ratio in the very readily decomposable SOM

fraction in the GH soils, which resulted in some initial tie up of
the NH,*-N contributed by the PCM, and the lower pH in the
soil, which resulted in a decrease in mineralization and nitrifica-
tion rates (Molina, 1985; Khalil et al., 2005).

The amount of NO;™-N produced in the control soils was
much lower than in the soils amended with PCM (Fig. 2b). The
maximum rates of nitrification were obtained in the first day of
the incubation, attaining 12 and 8 mg NO;™-N kg_1 d~lin the
BS and GH control soils, respectively. The final concentrations of
NO;™-N obrained after 56 d of incubation in the BS and GH
control soils were 46 and 133 mg NO{—N kgfl, respectively. The
differences between the two soils in NO;™-N production is simi-
lar to the difference in CO,~C production from these two soils. In
the PCM treatment, the maximum rate of nitrification processes
occurred after 4 d of incubation, 131 mg NO;™-N kg_1 d~lin
BS soil, whereas in the GH soil the maximum rate of NO3_ pro-
duction was 100 mg NO{—N kgfl d~L, which occurred after 14
d of incubation. The amounts of NO;™~N produced during the
incubation were 508 and 577 mg NO;™-N kg_1 in the BS and
GH soils, respectively. The results shown in Fig. 2a and 2b indicate
that the changes in NH,* and NO;~ concentrations with time
were mainly due to N mineralization and nitrification processes
and that their rates were faster in the BS soil than the GH soil.
These results indicate that a total of 359 and 341 mg N kg™ (soil)
were produced by the mineralization of PCM-N in the BS and
GH soils, respectively. The fraction of PCM-N mineralized was 49
and 46.6% in the BS and GH soils, respectively.
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(mg”kg‘1 dry soil)
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500
400 A
300 A

200 4
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0 10 20 a0 40 a0 60
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Fig. 2. The concentrations of (a) NH,*-N and (b) NO;™-N during
the incubation: without pasteurized chicken manure (PCM) (control:
V Golan Heights soil; O Bet She’an soil) and with PCM (VY Golan
Heights soil; ® Bet She’an soil).
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The pH of the GH control treatment soil decreased from
6.7 to 5.45 through 56 d of incubation, whereas in the BS control
treatment there was only a small change in pH, from 7.75 t0 7.53
(Fig. 3). The pH of the soil amended with PCM increased at the
beginning of the incubation from 7.75 to 8.1 and from 6.8 t0 7.6
in the BS and GH soils, respectively, and then decreased to 7.3
and 5.3, respectively. The changes in pH with time were due to
the ammonification and nitrification processes and the increase
in the partial pressure of CO,. The differences between the soils
in their pH buffer capacity can be explained by the large differ-

ence in carbonate content in these soils (Table 1).

Carbon Dioxide Carbon-13 Isotope
Ratio Measurements

The mean values of C02—613C emitted from the control
treatment in the GH and BS soils, after correction for the di-
lution of atmospheric air, were —27.2 £ 0.09%o and —20.0 £
0.2%o, respectively (Fig. 4). Note that in the GH soil, the emitted
C02—613C was very similar to that of the whole GH soil (Table
1) and can be attributed to the mineralization of the SOM. In
the BS soil, the mean emitted COZ—613C (—20%o) was very dif-
ferent from that of the whole BS soil (Table 1), as expected, but
it was also different from that of the SOM in this soil (BS SOM
solid line, Fig. 4) suggesting a contribution of soil carbonate dis-
solution to the emitted CO,.

The mean CO,~8'3C emitted from the GH soil with applied
PCM was —23.7 £ 0.16%o, which is significantly more positive
than the control treatment and more negative than that of the PCM
(PCM solid line, Fig. 4). During the first week of the incubation of
the PCM-amended GH soil, a pH increase was observed, indicating
CaCO, precipitation. Unfortunately, the §°C of this newly formed
carbonate was under the detection limit. Therefore, we assumed that
it had the same 8!3C as that of the carbonate of the PCM (—3.39%o)
and used that in all isotope calculations for this treatment. The
C02—613C emitted from the BS soil with applied PCM in the first
day of the incubation was similar to the PCM and significantly more
negative than the control treatment. The mean C02—613C emitted
from the BS soil with PCM (—20.6 == 0.42%o) wasn't different than
that of the control treatment, whereas it was significantly more nega-
tive than the BS soil (Table 1) and significantly less negative from
that of the SOM in this soil (BS SOM solid line, Fig. 4). These re-
sults suggest that three different sources contributed to the CO,—
613C emitted from the PCM-amended BS soil, namely SOM, ap-
plied PCM, and inorganic C (carbonates).

We used Eq. [3] to calculate the relative contribution of the two
sources (organic and inorganic C) to the COZ—613C emission in the
control treatment of the BS soil (Fig. 5). On average during the 56
d of incubation, the SOM and CaCO; components contributed
73.5 £ 1% and 26.5 £ 1% of the emitted CO,-C, respectively. The
relative contribution of the inorganic component to the emitted
CO,-C from the BS soil was lower than its fraction in the whole
soil (CaCO4~C was 86% of the C in the BS soil), but it indicates
that ignoring the contribution of carbonate dissolution can result in

overestimation of respiration.

0 10 20 30 40 50 60
Day of incubation

Fig. 3. The change in soil solution pH throughout the incubation
experiment in soils without pasteurized chicken manure (PCM)
(control: V Golan Heights soil; O Bet She’an soil) and with PCM
(VY Golan Heights soil; ® Bet She’an soil).
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Fig. 4. The 3'3C composition of CO, emitted throughout the
incubation experiment in soils without pasteurized chicken manure
(PCM) (control: V Golan Heights soil; O Bet She’an soil) and with
PCM (V¥ Golan Heights soil; @ Bet She’an soil). The solid lines
represent the 513C values of the Golan Heights soil organic matter
(GH SOM), Bet She’an soil organic matter (BS SOM), and the
pasteurized chicken manure (PCM).
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Fig. 5. The estimated partial contribution of organic and inorganic
C to CO,-C emitted from control soils without pasteurized chicken
manure (PCM) based on Eq. [3] (¥ Golan Heights soil organic C; O
Bet She’an soil organic C; @ Bet She’an soil inorganic C).
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we can calculate the contribution
of each component. In this case, a
constant negative priming effect was
obtained throughout of the incuba-
tion, in contradiction to the short
time of a priming effect described
above. The cumulative release of
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PCM in the GH soil (Fig. 6a) and
the BS soil (Fig. 6b) obtained from
the 13C isotopic measurements
were 1718 and 2123 mg kg‘l, re-
spectively. In both soils, the calcu-
lated CO, released from the PCM
by subtracting from the SOM (Fig.
1b) was the same as from the 13C
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Fig. 6. The cumulative release of CO,-C from organic and inorganic C during the incubation of
pasteurized chicken manure (PCM) amended (a) Golan Heights and (b) Bet She’an soils and the partial
contribution from (c) Golan Heights and (d) Bet She’an soils based on Eq. [6] (V soil organic matter C;

O PCM organic C; (] inorganic C).

We used Eq. [6] to calculate the fluxes and contribution of each
source (SOM-C, inorganic C, and PCM-C) to the emitted CO,
from the PCM-amended BS and GH soils. In this calculation there
were two unknown variables in one equation; therefore, we assumed
that the SOM decomposition rate was not affected by the applica-
tion of PCM and used the data of CO, flux from SOM in the con-
trol soil as a known parameter. A priming effect due to addition of
crop residues has been observed in many published studies and the
magnitude is most apparent in the first few days after addition of
the residues (Kuzyakov and Bol, 2006). After about 10 d, however,
the priming effect decreases greatly and results in only fractional in-
creases in the rate of decomposition of the SOM. In the GH soil,
the contribution of the CaCOj pool was small. If we neglect it,
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Fig. 7. The estimated CaCO, dissolution throughout the incubation
period (O control Bet She’an soil; ® Bet She’an soil with pasteurized
chicken manure [PCM]; ¥ Golan Heights soil with PCM).

Day of incubation

3}3 4'0 5I[] isotopic measurements (Fig. 6a and
b), which provides evidence that any
priming effect must have been small
compared with the PCM contri-
bution. Because the PCM and the
SOM in the BS soil had similar 13C
signatures, which were very different
from that of CaCOj, a priming ef-
fect would influence the partial contribution of the organic sources
(SOM and PCM) but not that of the inorganic carbonate.

The small differences in the amounts of CO,-C released
(Fig. 1b, 6a, and 6b) were due to carbonate dissolution, which
was not considered in the account in Fig. 1b. The cumulative re-
lease of CO,-C during the incubation from SOM in the GH
and BS soils was 1804 and 331 mg kg™, respectively. The calcu-
lated release of CO,~C due to CaCOj dissolution in the GH
and BS soils was 176 and 417 mg kg™!, respectively. The partial
contribution of PCM declined rapidly from almost 71% on the
first day to 12% on the 56th day of incubation in the GH soil (Fig.
6¢). The high partial contribution of the PCM in the beginning
of the incubation reflects the much higher rate of PCM decom-
position than that of the SOM. In the first week of incubation
of the BS soil, the partial contribution of PCM to the emitted
CO, decreased from 86 to 60% and the partial contribution of
carbonates increased steeply from 1 to 30% (Fig. 6d). No further
significant changes occurred in the partial contribution of PCM
to the emitted CO,, while the partial contribution of carbonates
during the next 7 d decreased gradually to a constant value of 15 to
20%. The total calculated carbonate dissolution in the control and
PCM treatments in the BS soil and in the PCM treatment in the
GH soil during 56 d of incubation were 0.94, 3.48, and 1.47 gkg*1
dry soil, respectively (Fig. 7).

DISCUSSION

The isotopic composition of the emitted CO, and its com-
ponents (SOM and CaCOj) (Fig. 4) indicate that up to 30% of
the emitted C in the calcareous soil (BS) was contributed by in-
organic sources. Bertrand et al. (2007) also reported a consider-
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able partial contribution of inorganic sources to CO,-C emis-
sions from agricultural soils containing different sources of calcite
(limed and calcareous soil) ranged from 25.9 to 35.1%. Stevenson
and Verburg (2006) estimated that the inorganic source contrib-
uted just 13% of the CO, emitted from the calcareous soil of the
Mojave Desert in an incubation study. The high contribution of
CaCOj; to CO,-C emission in the calcareous soil (BS) in our
study, even without the addition of PCM, was probably due to:
(i) the high fraction content of calcite, and (ii) the intensive nitri-
fication processes, 46 mg N kg_l dry soil, in the control BS soil.

The differences in the accumulated emitted CO,-C in the
PCM treatment between the noncalcareous (GH) and calcareous
(BS) soils (Fig. 1b) suggest carbonate dissolution in the latter be-
cause the amount of PCM added was equal and most of the proper-
ties of these soils were similar. The amount of CO,—C emission due
to calcite dissolution in the PCM-amended BS soil was 417 mg C
kgfl based on the isotopic measurements, whereas the difference in
CO, emitted in the PCM treatment in the BS and GH soils was
546 mg C kg~! (Fig. 1). Thus, calcite dissolution can explain 77% of
the difference between the soils. The other 23% can be attributed to
the decrease in the mineralization rate that resulted from the lower
pH in the GH soils, especially when the pH was reduced to <6 in
the last part of the experiment (Molina, 1985; Khalil et al.,, 2005).

The contribution of the inorganic C could lead to overesti-
mation of organic C mineralization, depending on the content
and the source of the soil carbonate. The pattern of CaCOj dis-
solution (Fig. 7) was similar to that of SOM (Fig. 2a) and PCM
decomposition (Fig. 2b) and of other organic matter materials in
published data (Castellanos and Pratt, 1981; Hadas et al., 1983;
Gilmour et al., 1985; Gale and Gilmour, 1986).

The production of HNO; by N mineralization of the SOM
followed by nitrification can account for the production of CO,
by the dissolution of calcite. Also, PCM contains a very signifi-
cant quantity of NH,* (7100 mg kg™! dry PCM), which under-
goes nitrification. Initially, the mineralization process was more
rapid than nitrification, but after few days of incubation the nitri-
fication processes became dominant (Fig. 2). The faster reduction
of the NH,* concentration and increase in the NO;™ concentra-
tion in the BS soil than the GH soil was probably due to the high-
er pH in the BS soil than the GH soil (Fig. 3). The optimal pH for
nitrification processes is at pH 7 to 7.5 and the rate of the process
declines as the pH decreases from 7.0 to 5.5 (Molina, 1985).

Proteins and amino acids are important components of
plants and other organic residues that can be mineralized to
NH; and NH* (Xu et al.,, 2006):

R'-CH(NH, }-R+0.50,+H,0—>
R'-CO-R+NH,

[7]

where R and R present organic chains or H instead of R to yield
a simple alcohol R!'- COH.

The consequent reaction is hydrolysis of the NH; to pro-
duce NH,* in which an OH™ ion is released into solution:

NH,+H,0—>NH; +OH" (8]

Under well-aerated conditions, NH 4+ in the soil is oxidized to
NO;~ (Conyers et al,, 1995; Liu et al., 2008):

NH! +20, »>NO; +H,0+2H" [9]

The HNOj; produced by nitrification can react with CaCO; to
produce CO, in addition to CO, production by respiration.

The estimated amount of H* produced by mineralization
and nitrification of organic N in the control BS soil and PCM-
amended BS and GH soils, assuming that the net sum of protons
released through the ammonification and nitrification processes
is one plus the initial NH,* in the soil and PCM produces two
protons per N (Eq. [8] and [9]), is 4.7, 54.6, and 55.9 mmol
kg_l, respectively. For calculation of the potential Co, produc-
tion due to the protons released by these processes, the following
equation was used (Lindsay, 1979):

CaCO, (calcite)+2H+ =

10

Ca*+CO,(g)+H,0 ol
This means that the potential CO, emissions from dissolution
of CaCOj due to N mineralization and nitrification are 2.35,
27.3, and 28.0 mmol kg_l in the control BS soil and PCM-
amended BS and GH soils, respectively; however, the amount of
CO, produced by the dissolution of CaCOj in the control BS
soil and PCM-amended BS and GH soils based on the measure-
ments of §13C were 9.4, 34, and 14.7 mmol kg™, respectively.
Consequently, the contributions of protons from organic N
mineralization could explain 25 and 80% of the CO, emitted
by CaCOj dissolution as measured by 813C in the control and
PCM-amended BS soils, respectively, whereas in the PCM-
amended GH soil, the potential contribution of N mineraliza-
tion could explain all CaCOj dissolution as measured by §13C.
The gaps found in the control and PCM-amended BS soils in-
dicate additional sources of protons in this soil. In the PCM-
amended soil, the oxidation of organic S can also contribute to
strong acid dissolution of calcite by the generation of H,SO,,
producing two protons per S that is oxidized (de Vries and
Breeuwsma, 1987). In addition, organic acids produced during
the oxidation of organic matter can also contribute to the dis-
solution of calcite.

In arid and semiarid regions, uncultivated soils and soils un-
der rainfed crops experience large fluctuations in soil moisture,
which is a major driving factor of organic matter decomposition
and CO, efflux (Rey et al,, 2005). The decomposition of organic
matter and the mineralization of organic N can lead to increased
nitrification and carbonate dissolution. In a field study in a semi-
arid area, Inglima et al. (2009) showed that inorganic sources

contributed up to 15% of the soil CO,-C efflux following a
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wetting event on dry soil. In addition, the application of organic
matter residues to agricultural soil, in combination with irriga-
tion, could enhance carbonate dissolution. Wetting—drying cy-
cles due to precipitation or irrigation can lead to increased CO,
concentration gradients in the soil profile (Eshel et al.,, 2007).

CONCLUSIONS

The dissolution of soil carbonates can contribute up to 30%
of emitted CO,—-C, resulting in the overestimation CO, emitted
by respiration during the decomposition of SOM or added OR
in calcareous soils. The dissolution of newly precipitated soil car-
bonates can also contribute to emit CO,-C in a noncalcareous
soil amended with decomposable OR. We suggest that the major
mechanism for the chemical dissolution of CaCOj is by pro-
tons produced by nitrification. The production of H,SO, and
organic acids may also contribute to the dissolution of CaCO.
Inorganic carbonates can be a major contributor to CO,-C ef-
flux from field soils, especially in arid and semiarid regions that

undergo wetting—drying cycles at relatively high temperatures.

ACKNOWLEDGMENTS

This research was supported by Research Grant Award no. IS-3517-04
from BARD, the United States—Isracl Binational Agricultural Research
and Development Fund, and by the Fund of the Chief Scientist of the
Ministry of Agriculture and Rural Development in Israel, Project no.
301-0594-08. We thank Mirs. Lilach Barsheshset and Mrs. Miryam
Keinan for their significant contribution in setting the incubation
experiment soil moisture measurements, and Mrs. Shoshana Suryano
for performing the measurements of NH 4+ and NO;™ concentrations.
We would like to thank Dr. Faina Gelman from the laboratory of stable
isotopes, Geological Survey, Ministry of National Infrastructures, Israel,
and Dr. David Harris and his team from the Stable Isotope Facility at the
University of California, Davis, for performing the measurements of the
stable isotope composition of C in the solid and gas samples, respectively.

REFERENCES

Bertrand, I, O. Delfosse, and B. Mary. 2007. Carbon and nitrogen
mineralization in acidic, limed and calcareous agricultural soils: Apparent
and actual effects. Soil Biol. Biochem. 39:276-288. doi:10.1016/j.
50ilbi0.2006.07.016

Bolinder, M.A., D.A. Angers, M. Giroux, and M.R. Laverdiere. 1999. Estimating
C inputs retained as soil organic matter from corn (Zea mays L.). Plant Soil
215:85-91. doi:10.1023/A:1004765024519

Castellanos, J.Z., and PF Pract. 1981. Mineralization of manure nitrogen:
Correlation with laboratory indexes. Soil Sci. Soc. Am. J. 45:354-357.
doi:10.2136/Sssaj1981.03615995004500020025)(

Cerling, T.E., J. Quade, Y. Wang, and J.R. Bowman. 1989. Carbon isotopes
in soils and paleosols as ecology and paleoecology indicators. Nature
341:138-139. doi:10.1038/341138a0

Conyers, M.M., N.C. Uren, and K.R. Helyar. 1995. Causes of changes in pH in
acidic mineral soils. Soil Biol. Biochem. 27:1383-1392.d0i:10.1016/0038-
0717(95)00083-Q

de Vries, W., and A. Breeuwsma. 1987. The relation between soil acidification
and element cycling. Water Air Soil Pollut. 35:293-310. doi:10.1007/
BF00290937

Eshel, G., P. Fine, and M.J. Singer. 2007. Total soil carbon and water quality:
An implication for carbon sequestration. Soil Sci. Soc. Am. J. 71:397-405.
doi:10.2136/ss52j2006.0061

Gale, E.S., D.M. Sullivan, C.G. Cogger, A.L. Bary, D.D. Hemphill, and E.A.
Myhre. 2006. Estimating plant-available nitrogen release from manures,
composts, and specialty products. J. Environ. Qual. 35:2321-2332.
doi:10.2134/jeq2006.0062

Gale, P.M., and J.T. Gilmour. 1986. Carbon and nitrogen mineralization
kinetics for poultry litter. J. Environ. Qual. 15:423-426. doi:10.2134/
jeq1986.00472425001500040020x

Gee, GW., and D. Or. 2002. Particle-size analysis. p. 255-293. Iz D. Sparks
(ed.) Methods of soil analysis. Part 4. Physical Methods. SSSA Book
Ser. 5. SSSA, Madison WI.

Gilmour, J.T., M.D. Clark, and G.C. Sigua. 1985. Estimating net
N mineralization from CO, evolution for sewage sludge and
plant tissues. Soil Sci. Soc. Am. J. 49:1398-1402. doi:10.2136/
$552)1985.03615995004900060013x

Hadas, A., B. Bar-Yosef, S. Davidov, and M. Sofer. 1983. Effect of pelleting,
temperature, and soil type on mineral nitrogen release from poultry
and dairy manures. Soil Sci. Soc. Am. J. 47:1129-1133. doi:10.2136/
$552j1983.03615995004700060014x

Heller, H., A. Bar-Tal, G. Tamir, P.R. Bloom, R.T. Venterea, D. Chen, Y.
Zhang, C.E. Clapp, and P. Fine. 2010. Effects of manure and cultivation
on carbon dioxide and nitrous oxide emissions from a corn field under
Mediterranean condition. J. Environ. Qual. 39:437-448. doi:10.2134/
jeq2009.0027

Inglima, L., G. Alberti, T. Bertolini, E.P. Vaccaris, B. Giolis, F. Miglicttas,
M.E. Cotrufo, and A. Peressotti. 2009. Precipitation pulses enhance
respiration of Mediterranean ecosystems: The balance between organic
and inorganic components of increased soil CO, efflux. Global Change
Biol. 15:1289-1301. doi:10.1111/j.1365-2486.2008.01793.x

Khalil, M.I,, M.B. Hossain, and U. Schmidhalter. 2005. Carbon and nitrogen
mineralization in different upland soils of the subtropics treated with
organic materials. Soil Biol. Biochem. 37:1507-1518. doi:10.1016/j.
50ilbio.2005.01.014

Klumpp, K., R. Schiufele, M. Létscher, FA. Lattanzi, W. Feneis, and H.
Schnyder. 2005. C-isotope composition of CO, respired by shoots
and roots: Fractionation during dark respiration? Plant Cell Environ.
28:241-250. doi:10.1111/j.1365-3040.2004.01268.x

Komada, T., M.R. Anderson, and C.L. Dorfmeier. 2008. Carbonate removal
from coastal sediments for the determination of organic carbon and its
isotopic signatures, 813C and A4C: Comparison of fumigation and
direct acidification by hydrochloric acid. Limnol. Oceanogr. Methods
6:254-262.

Kuzyakov, Y. 2006. Sources of CO, efflux from soil and review of
partitioning methods. Soil Biol. Biochem. 38:425-448. d0i:10.1016/j.
50ilbi0.2005.08.020

Kuzyakov, Y., and R. Bol. 2006. Sources and mechanisms of priming effect
induced in two grassland soils amended with slurry and sugar. Soil Biol.
Biochem. 38:747-758. d0i:10.1016/j.50ilbi0.2005.06.025

Kuzyakov, Y., and G. Domanski. 2000. Carbon input by plants into the
soil: Review. J. Plant Nutr. Soil Sci. 163:421-431. d0i:10.1002/1522-
2624(200008)163:43.0.CO:2-R

Lal, R. 2009. Sequestering carbon in soils of arid ecosystems. Land Degrad.
Dev. 20:441-454. doi:10.1002/1dr.934

Leavitt, SW., E.A. Paul, B.A. Kimball, G.R. Hendrey, J.R. Mauney, R.
Rauschkolb, H. Rogers, K.F. Lewin, J. Nagy, P.J. Pinter, Jr., and H.B.
Johnson. 1994. Carbon isotope dynamics of free-air CO,—enriched
cotton and soils. Agric. For. Meteorol. 70:87-101. doi:10.1016/0168-
1923(94)90049-3

Lindsay, W.L. 1979. Chemical equilibria in soils. John Wiley & Sons, New
York.

Liu, M., D.E. Kissel, L.S. Sonon, M.L. Cabrera, and P.E. Vendrell. 2008. Effects
of biological nitrogen reactions on soil lime requirement determined by
incubation. Soil Sci. Soc. Am. J. 72:720-726. doi:10.2136/5s52j2006.0296

Magaritz, M., and A.J. Amiel. 1980. Calcium carbonate in a calcareous soil
from the Jordan Valley, Isracl: Its origin as revealed by the stable carbon
isotope method. Soil Sci. Soc. Am. J. 44:1059-1062. doi:10.2136/
$552j1980.03615995004400050037x

Martin, B., and Y.R. Thorstenson. 1988. Stable carbon isotope composition
(813C), water use efficiency, and biomass productivity of Lycopersicon
esculentum, Lycopersicon pennellii, and the F1 hybrid. Plant Physiol.
88:213-217. doi:10.1104/pp.88.1213

Mary, B, A. Mariotti, and J.L. Morel. 1992. Use of 13C variations at natural
abundance for studying the biodegradation of root mucilage, roots and
glucose in soil. Soil Biol. Biochem. 24:1065-1072. doi:10.1016/0038-
0717(92)90037-X

SSSAJ: Volume 75: Number 4 o July-August 2011

1395



Midwood, A.J., and TW. Boutton. 1998. Soil carbonate decomposition by
acid has little effect on §13C of organic matter. Soil Biol. Biochem.
30:1301-1307. doi:10.1016/50038-0717(98)00030-3

Molina, J.A.E. 1985. Components of rates of ammonium oxidation in soil. Soil Sci.
Soc. Am. J. 49:603-609. doi:10.2136/ss52j1985.03615995004900030014x

Nelson, R.E. 1982. Carbonate and gypsum. p. 181-196. I A.L. Page ct al. (ed.)
Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and
SSSA, Madison W1

Pataki, D.E., J.R. Ehleringer, D. Flanagan, D. Yakir, D.R. Bowling, C.J. Still,
N. Buchmann, J.O. Kaplan, and J.A. Berry. 2003. The application and
interpretation of Keeling plots in terrestrial carbon cycle research. Global
Biogeochem. Cycl. 17:22.1-22.15.

Rey, A., C. Petsikos, P.G. Jarvis, and J. Grace. 2005. Effect of temperature and
moisture on rates of carbon mineralization in a Mediterrancan oak forest
soil under controlled and field conditions. Eur. J. Soil Sci. 56:589-599.
doi:10.1111/j.1365-2389.2004.00699.x

Rhoades, J.D. 1982. Cation exchange capacity. p. 149-157. In A.L. Page et al.
(ed.) Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA and
SSSA, Madison W1

Salomons, W., and W.G. Mook. 1976. Isotope geochemistry of carbonate
dissolution and  precipitation in soils. Soil Sci. 122:15-24.
doi:10.1097/00010694-197607000-00003

Saranga, Y., I. Flash, A.H. Paterson, and D. Yakir. 1999. Carbon isotope ratio
in cotton varies with growth stage and plant organ. Plant Sci. 142:47-56.
doi:10.1016/50168-9452(99)00004-7

Saviozzi, A., A. Biasci, R. Riffaldi, and R. Levi-Minzi. 1999. Long-term effects of
farmyard manureand sewage sludge on somessoil biochemical characteristics.
Biol. Fertil. Soils 30:100-106. doi:10.1007/5003740050594

Stevenson, B.A., and P.S.J. Verburg. 2006. Effluxed C02—13C from sterilized and
unsterilized treatments of a calcareous soil. Soil Biol. Biochem. 38:1727-
1733. doi:10.1016/j.soilbi0.2005.1 1.028

West, L.T.,L.R. Drees, L.P. Wilding, and M.C. Rabenhorst. 1988. Differentiation
of pedogenic and lithogenic carbonate forms in Texas. Geoderma 43:271-
287.doi:10.1016/0016-7061(88)90047-X

Xu, ] M., C. Tang, and Z.L. Chen. 2006. The role of plant residues in pH change
of acid soils differing in initial pH. Soil Biol. Biochem. 38:709-719.
doi:l0.1016/j.soilbio.2005.06.022

Yakir, D.,and L.S.L. Sternberg. 2000. The use of stable isotopes to study ecosystem
gas exchange. Occologia 123:297-311. doi:10.1007/5004420051016

Zak, D.R., W.E. Holmes, N.W. MacDonald, and K.S. Pregitzer. 1999. Soil
temperature, matric potential, and the kinetics of microbial respiration and
nitrogen mineralization. Soil Sci. Soc. Am. J. 63:575-584. doi:10.2136/
$552j1999.03615995006300030021x

1396

SSSAJ: Volume 75: Number 4 ¢ July—August 2011



	אשר ברטל_301-0594-10.pdf
	מאמר_10-0396-3-23-6-2011

