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Abstract

Decomposition kinetic of applied compost in soil depends on the decomposition rate coefficient (k),
environmental conditions and the interactions with soil. However, studies with the aim of determining k values
for different materials rarely consider interactions with soil. The objective of the current study was to estimate k
value of an organic compost, considering the interactions with the soil. Samples of soil mixed with compost were
incubated in hermetic recipients for 126 days and evolved C-CO, was quantified. Nonlinear models proposed in
the present study were fitted to evolved C-CO, data. Better fitting was found in a model that divided the soil
organic matter in four pools (labile and recalcitrant native soil organic matter; protected and unprotected added
organic matter), values of k on both native organic matter pools were multiplied by a constant denominated
priming (pr) only in the cases where the compost was added to the soil and the amount of C in the protected pool
is limited to the soil protection capacity. Organic compost produced using carcasses, sheepfold residues and
slaughterhouse residues presented k value equal to 0.01179 day” at 31 °C without water stress. Compost
application increased in 9.8% the decomposition of the native soil organic matter.
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1. Introduction

Organic composts are used since ancient times in agriculture to fertilize and improve physical, chemical and
biological soil properties (Blum, 1992). Composting consist in the transformation of fresh organic residues into
more stable organic material, which is advantageous compared to the application of fresh organic materials
(Zhang et al., 2012). Among these advantages, could be featured: (i) Volume reduction, facilitating the storage
and transport; (ii) stabilization and homogenization allowing storage, management and scheduling of its use as
fertilizer (Orrico, Lucas Junior, & Orrico Junior, 2007); (iii) Pests and pathogens elimination due to the high
temperatures (over 60 °C) reached during the composting process (Noble & Roberts, 2004).

In spite of its ancient use, the technology for application of organic compost in soil can still be improved. The
knowledge of the decomposition kinetics of compost in soil allows the establishment of a correct dosage and
scheduling application. This planning aims the maintenance of soil organic carbon and the correct supply of
nutrients, avoiding contamination and soil degradation. Kinetic of organic matter material is largely dependent
on the decomposition rate coefficient (k). The k value is specific to each material, depending on its composition,
mainly: nitrogen, sugars, protein, cellulose, hemicelluloses, lignin (Garcia-Pausas, Casals, Camarero, Huguet,
Thompsone, Sebastia, & Romanya, 2008; Hébert, Karam, & Parent, 1991; Jin, Haney, Fay, & Polley., 2013).

An increasing attention has been directed to the use of residues generated throughout the food system, aiming at
the nutrient cycling (Lehmann, 2013). Alternative uses for a large range of residues have been studied, including
composting of carcasses and slaughterhouse residues (Berge, Glanville, Millner, & Klingborg, 2009). Use of this
organic compost, as fertilizer in agricultural land, allows nutrient cycling, however, the use of different materials
produces composts with equally variable characteristics, demanding additional studies to its characterization,
including the determination of the k value.
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Besides k value, the decomposition rate of organic compost in the soil depends on temperature, moisture and its
interactions with the soil matrix and the native soil organic matter. Moisture and temperature are factors that are
easily measured or controlled in experimental sets. Thus, the k value obtained experimentally can be adjusted to
real conditions according to the models proposed by van Veen and Paul (1981), Jenkinson, Andrew, Lynch, Goss
and Tinker (1990) or Kitterer, Reichstein, Andrén and Lomander (1998). However, interactions of applied
organic matter with soil are rarely explored. Not considering these interactions, the k value obtained
experimentally is restricted only to the soil used in the experimental set, severely limiting its practical utilization.

Priming effect and organic matter protection by soil matrix are the main interactions that occur after compost is
added into the soil. Priming effect is a stimulus to microbial activity by the addition of other source of organic
matter (Waldrop & Firestone, 2004). This stimulus increases the decomposition rate of the native organic matter
(Kuzyakov, Friedel, & Stahr, 2000). On the other hand, organic matter can be protected in soil matrix by result of
the adsorption of organic matter on soil colloids or aggregate formation, resulting physical protection against
microbial decomposition (Six, Conant, Paul, & Paustian, 2002). Priming effect and the organic matter protection
depends on soil and native organic matter properties, including aspects related to texture and mineralogy.

The objective of the current study was to estimate the k value of organic compost, applying a model that
considers soil matrix protection and priming effect. Using for this purpose organic compost produced using
carcasses, sheepfold residues and slaughterhouse residues.

2. Material and Methods

The decomposition rate coefficient was obtained by organic compost incubation in soil from 0-0.20 m depth. The
soil was taken from a typical Ortic Chromic Luvisol under agroforest system used to raise sheep and goats,
located at the city of Sobral, Ceara state, Brazil (3°40'07.0” S and 40°29'04.9” W). Soil collection was done at a
single point using a shovel, ensuring homogeneous representavity in depth. Soil analysis presented: pH (CaCl,) =
6.5; Ca*', Mg®', AI**, H+Al, K" and Na" equal to 96.0, 34.0, 1.0, 30.0, 9.1, 2.8 mmol, kg, respectively; CEC =
171.9 mmol. kg''; BS equal to 82.6%, Total organic carbon (TOC) equal to 13.2 g kg'; Total-N equal to 0.84 g
kg'; bulk density equal to 1.41 g cm™; sand, silt and clay equal to 648.0, 247.4 and 104.6 g kg™ respectively.
Ca®" and Mg®" were extracted with 1 mol L™ KCI solution and quantified by atomic absoption spectrofotometry.
Total N was mesured by semimicro Kjedhal method and sulfuric digestion. P, K™ and Na" were measured in
Mehlich 1 extracts. H + Al was measured by titration with NaOH solution in calcium acetate extracts. Total
organic carbon was measured by Walkley-Black method.

Organic compost was produced in a rain protected compartment encompassed with wood boards (3.5 m long, 2.0
m width and 1.6 m high). The raw materials were deposited in 0.3 m layers: a layer of slaughterhouse residues or
dead sheep or goats were sandwiched between layers of sheepfold manure mixed with sheepfold food waste (1:1
proportion). Water was added only during the layers’ deposition, using the equivalent to 40% of the weight of
slaughterhouse residues or dead sheep or goats in water. These layers were successively piled up until reaching
the maximum compartment high and kept without mixing until compost stabilization, in approximately 120 days.
Aecration was kept by convection, since the air could pass through the openings between wood boards. The
openings between the wood boards are approximately 2 cm wide

Organic compost samples were taken after the stabilization, from different depths and locations along the pile,
ensuring a representative sample. Chemical characteristics obtained following Abreu, Andrade, and Falcao (2006)
procedures showed: 136.7,20.3,9.0, 15.7,21.9,55and 2.8 g kg'I of C, N, P, K, Ca, Mg and S, respectively; 20,
30,2051, 175 and 138 mg kg of B, Cu, Fe, Mn and Zn, respectively; pH value of 6.7.

Before the incubation, soil and organic compost were were individually air dried and sieved through 2 mm
opening and exhaustively homogenized. The incubation was performed in 2 L hermetic glass recipients with 141
g (100 cm®) soil samples mixed with doses of compost, equivalent to 0; 0.182; 0.363; 0.727 and 1.454 g kg™' of
C. These rates are equivalents to 0, 0.5, 1, 2 and 4-fold the standard dose of 7.5 Mg ha™' of compost, considering
the 0.2 m soil layer and soil density of 1.41 g dm™. The standard dose of 7.5 Mg ha™ of compost was calculated
based in the regional nitrogen fertilizer recommendation for corn yield of 8 Mg ha™ (Alves et al., 1999) and the
total N concentration in compost. The soil pH value was corrected to 7, based in CaCOj; neutralization curves,
previously fitted for each dose of compost.

The containers were distributed in a completely randomized design with three replicates per treatment and
arranged in split plot in time scheme. Carbon dioxide evaluation was performed at0; 1;2; 3;4;5;6;7;9; 11; 14; 17;
20; 23; 26; 29; 33; 37; 41, 48; 55; 69; 83; 97; 111 and 126 days of incubation. Carbon dioxide was trapped in 0.5
mol L™ NaOH solution and quantified by titration with 0.25 mol L™ HCI solution.
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Value of k was fitted using carbon evolved as carbon dioxide (C-CO,) from treated soil, considering two
situations: without and with interaction of added organic matter with soil matrix and native soil organic matter.
Considering absence of interaction, the mineralized C from the organic compost (C,.) was obtained by
difference between C-CO, evolved from samples incubated without (Cy, si1) and with compost (Cy, soit+compost)
(Equationl). The k value was estimated iteratively considering a simple exponential model proposed by Olson
(1963) (Equation 2).

Cmc = Cm soil+compost Cm soil (1)
Cmc = CWO(l - e-kt) (2)

Where, Cy,. = C-CO, evolved from compost, g kg™'; C, = carbon added as compost, g kg™'; k = decomposition rate
coefficient of the organic compost, day™ and t = time, days.

In case of interaction, the C-CO, evolved from the compost and the k values were estimated considering the
models proposed in the present study. These models will be presented and more detailed explained at the results
and discussion section. Proposed models were developed based in the double exponential model proposed by
Lousier and Parkinson (1976) (Equation 3) added by coefficients related with priming effect and organic matter
protection.

Cp = Cl — &) + G(1 — &™) A3)

Where, C,, =mineralized C-CO,, g kg'l; C, = carbon content in the first organic matter pool, g kg'l; C,, = carbon
content in the second organic matter pool, g kg'; k; = decomposition rate coefficient of the first organic matter
pool, day™'; k, = decomposition rate coefficient of the second organic matter pool, day™ and t = time, days.

Fitting of non-linear models to the data were performed by iterative processes through Newton method,
minimizing the sum of deviation between estimated and measured values using proc nlin of SAS software. The
sum of soil C pools was limited to the total C content of soil + compost.

Mineralized fraction (MF) is the fraction of added C evolved as C-CO,. The MF, expressed in percentage of the
added organic matter, was calculated using the Equation (4).

MF = (Xcoy — Xc00)/Qaddea > 100 4)

Where, Xcoy = C-CO, evolved from the treatment with the dose y of organic compost, g kg'l; Xcoo = C-CO,
evolved from the control treatment, g kg'l; Q.dged = Carbon added as organic compost, g kg'l.

3. Results and Discussion

The first approach to describe the degradation kinetics of carbon from compost in soil considered independence
between carbon added and native soil organic carbon. Cumulative exceeding C-CO, evolution in relation to
control treatment presented exponential growth (Figure 1). Reduction of daily rate emission through the time is
frequently observed and is explained by substrate and nutrient depletion due to microbe consumption (Cayuela,
Sinicco, & Mondini, 2009; Demetz & Insam, 1999; Fangueiro, Ribeiro, Vasconcelos, Coutinho, & Cabral, 2012).
A simple exponential model was fitted to the exceeding C-CO, emission data, obtaining k values with a variation
inversely proportional to the applied compost dose (Table 1). However, since the k value is function of the
material composition, it is specific to each material (Berg & McClaugherty, 2008). Thus, the k value should not
vary due to the applied dosage. The occurrence of this variability indicates the existence of interaction between
applied organic material and soil matrix or with native soil organic matter, evidencing the necessity of including
these variables in the carbon decomposition model.
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Figure 1. Cumulative C-CO, emission measured in soil samples amended with compost. Data are means (n = 3)

Table 1. Fitting parameters of a simple exponential model (C,. = Co(1 — ™) applied to cumulative C-CO,
emission, calculated by the difference between C-CO, measured in soil samples amended with compost and
control

Treatment C-Compost (Cy) k P R? MF
g kg'] day"1 %

1 0.182 0.0570 <0.0001 0.989 98.3

2 0.363 0.0371 <0.0001 0.993 99.1

3 0.727 0.0203 <0.0001 0.943 95.0

4 1.454 0.0131 <0.0001 0.979 71.5

Note. C,. = Mineralized carbon from compost; Co = Carbon added as compost; k = decomposition rate
coefficient of the organic compost, MF = Mineralized fraction.

Two diverting interactions can be expected between added organic material and soil: (i) reduction of
decomposition rate due to protection of added organic material by soil matrix; (ii) increase of decomposition rate
due to priming effect. The decrease of k values observed with increase of compost dosage at the present study
contradict the protection mechanism theory. Protection mechanism described by Six et al. (2002) assume that the
soil has limited protection capacity. High dosages would surpass the protection capacity of the soil, sharing the
added organic material into two pools: protected and unprotected against microbial decomposition. Therefore,
the greater the amount applied, the greater will be the share of the unprotected pool. Thus, higher rate of
decomposition at higher dosages would be expected.

Mineralized fraction (MF) higher than 100% is a clear-cut evidence of priming effect, indicating carbon
consumption larger than added (Blagodatskaya & Kuzyakov, 2008). In the present research, MF was 98% at
lower dosage and 72% at higher dosage of organic compost (Table 1). Despite of the fact that priming effect is
not confirmed in this case, the occurrence of priming effect is a hypothesis that cannot be discarded: applied
organic material could stimulate the decomposition rate of native organic matter; however, the amount of organic
material applied could replace all the organic matter decomposed due to this stimulation (Shen & Bartha, 1996).

The mineralization rates presented at table 1 were calculated based on the difference between the C-CO, evolved
from soil treated with organic compost and control treatment. In this case it is necessary to assume the absence
of interaction between added organic material and native soil organic matter. However, in the case of the
occurrence of priming effect, the additional fraction of C-CO, evolved from the native organic matter due to the
priming effect is accounted as C-CO, evolved from added organic material. This will overestimate the k value of
the added organic material. Assuming that the k value of applied organic material does not vary due to applied
dosage; overestimation will be proportionally higher at lower dosages. Explaining by this hypothesis estimated k
values are inversely proportional to applied dosages. Once again, suggesting that the determination of the k value
through the difference between C-CO, evolved from soil treated with organic compost and control treatment is
not correct.

10
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Real source of extra evolved C can only be confirmed using labeled organic matter (Blagodatskaya & Kuzyakov,
2008). However, since the labeling of the organic compost was not possible, a model that considers the priming
effect and the soil matrix protection was employed to estimate k value considering the interactions with soil. A
priming effect model was proposed by Kuzyakov et al. (2000); they suggested that a part (pe) of the recalcitrant
native soil organic matter will be converted to labile organic matter. This portion will decompose at the same rate
(k.) as the added organic material (C.) (Equation 5). The authors pointed out that the size of the portion pe is
function of the added amount of organic material (C.), thus, pe is fraction p of C. (Equation 6). Soil matrix
protection was modeled following the propositions of Six et al. (2002): the amount of added organic compost
that will be protected is limited by the maximum protection capacity of the soil. Thus, if the added organic
material exceeds this limit, it will be shared between two pools: protected (C,.) and unprotected (C,.) added
compost. The employment of a double exponential model to describe the decomposition kinetics of the native
soil organic matter is justified due to its different degrees of stabilization at a range of environmental conditions
(Bernal & Kirchmann, 1992; Boyle & Paul, 1989; Marstorp & Kirchmann, 1991). Presence of pools of organic
matter with different decomposition rates is visualized at C-CO, evolution curves (Figure 2). A complete model
is suggested in in the present study following the propositions of the above-mentioned authors (Equation 7).

C. = (C. — pe) x (1 — &™) Q)
pe =p x C, (6)
C, = Ce™ + (Cy — pe)e™ + Cpe™ + (Cpe + pe)e™ (7)

Where, C. = C-CO, evolved due to addition of organic material, g kg’l; C. = Carbon from organic compost, g
kg'; C, = total residual soil organic carbon, g kg™'; kc = decomposition rate coefficient of compost added C; p =
fraction of recalcitrant native C converted to labile C; C;; = Native Soil C (g kg'l); ks = decomposition rate
coefficient of Native Soil C (day™); t = time (days); C,, = recalcitrant native soil C (g kg"); pe = mass of
recalcitrant native C converted to labile C (g kg™); k., decomposition rate coefficient of recalcitrant native soil C
(day™); C,. = protected added C (g kg™); kp. = decomposition rate coefficient of protected added C (day™); Cye =
Unprotected added C (g kg™"); kqe = decomposition rate coefficient of Unprotected added C (day™).

Applied C, g kg:
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Figure 2. Cumulative C-CO, emission calculated by the difference between C-CO, measured in soil samples
amended with compost and control. Data are means (n = 3)

However, as previously discussed, the interpretation of Table 1 suggests that the priming effect is constant,
independent of the applied dose. Contradicting the proposition of Kuzyakov et al. (2000), that states that the
priming effect is dependent of the applied dose. This fact can be explained by the results of a latter study
performed by Blagodatskaya and Kuzyakov (2008), whom shows that this dependence occurs only at dosages of
applied organic matter up to 50% of soil microbial biomass. Considering that the microbial biomass represents
2% of soil organic C content (Paul & Clark, 1989), all dosages applied were higher than this threshold. Thus, the
Equation (7) should be valid only for smaller dosages of organic compost. For higher dosages, is proposed at the
present study that this interaction be quantified by a constant identified as priming (pr) that multiply the kls and
the krs value when the organic compost is applied. This operation allows proportional increase to its size and the
decomposition rate of both pools of the native soil organic matter (Equation 8).

11



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 8; 2018

Co — Clse-k,‘pr r oy Crs e-kmpr ry Cpc 6_1{”"t + Cdc e-kd(,t (8)
Where, pr = priming effect, used only when the organic compost is applied to the soil.

The model was fitted to the experimental data, resulting in values of Cls equal to 2.02564 g kg, kls equal to
0.15711 dia™, Crs equal to 11.137 g kg™, krs equal to 0.00147 g kg™, kpc equal to 0.01179 dia™ and C,. equal to
1.465 g kg™ with a R? equal to 0,98. A pr value of 1.098 shows that decomposition of native soil organic matter
was accelerated in 9.8% when the organic compost was applied. Thus, it was possible to estimate the
decomposition coefficient of the organic compost, which presented a k value of 0.01179 day™, at 31°C without
water stress. Based on this model, at the end of 126 incubation days, the priming effect was responsible for the
emission of 0.167 g kg of C-CO, of the native soil organic matter, independent of the applied compost dose
(Figure 3). At treatments 0.182 and 1.454 g kg, the emission of C-CO, derived from organic compost was
0.142 and 1.133 g kg™, respectively. It confirms the hypothesis that the overestimation of the k value is higher
at lower doses, since the participation of the C-CO, emission due the priming effect is proportionally higher at
lower dosages.

u Compos A 6 u Compos B
u pr Crs u pr Crs
"o | B pr Cls i B prCls
fn 4 E Crs 4 E Crs
S Cls Cls
o
Q
O 2 2
0 0
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Days Days

Figure 3. Estimated C-CO, emission from compost, from priming effect on recalcitrant soil organic matter (pr
C;), from priming effect on labile soil organic matter (pr Cjs), from recalcitrant soil organic matter (C) and from
labile soil organic matter (Cy). (A) 0.182 g kg™ added compost and (B) 1.454 g kg™ added compost

4. Conclusion

Organic compost produced using carcasses, sheepfold residues and slaughterhouse residues presented a k value
equal to 0.01179 day" at 31 °C without water stress. And application of this compost increased in 9.8% the
decomposition rate of native soil organic matter.

Accounting of the priming effect as a constant that modify the decomposition rate of native soil organic matter
proved appropriate to explain the interactions of the soil with the applied organic material. Using this model
enables to estimate the k value of organic compost with higher precision, isolated of interaction with soil. It is
suggested the employment of the present model, or other model that consider the interactions of the applied
organic material with the soil in all studies related with the determination of k values of added organic material.
Thus, in the future it will be possible to build a data set with the k values, intensity of the priming effect and
protection capacity of a range of organic materials and soils. It will enable a wider range of practical application
of these experimental results.
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