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Abstract

Recycled organic waste (OW) can be a valuable nutrient source for plant cultivation; however, knowledge is poor regarding
its effect on soil carbon conservation, especially in the frame of organic-mineral fertilisation succession. In this study, four
composts, green waste (GWC), anaerobically digested bio-waste (DC), sludge (SSC), and bio-waste (BWC), were compared
(10 and 20 Mg volatile solids ha™") in a ryegrass pot test over two growing cycles (112 + 112 days), along with an unamended
control (Ctrl) and a chemical reference (Chem), with and without mineral nitrogen (N) fertilisation. At the end of the two
growth cycles, the pot soil was analysed for total- (TOC) and labile-carbon (C; ) as well as for '*C isotope natural abundance
(8'3C and A'3C vs. Chem). At day 112, the pot test showed that Ctrl and Chem gained poor TOC (8.48 g kg™"), lower than the
compost at both 10 and 20 Mg volatile solids ha™! (10.01 vs. 11.59 g kg™!). At day 224, a deep soil TOC depletion occurred
in the pot soil treated with GWC, DC and BWC at both levels (-10 and -20). However, all the compost treatments showed
more depleted soil d'3C vs. the references, especially Chem, thus revealing relevant compost-derived carbon conservation.
Regarding the compost treatments, the carbon management index (CMI) increased over time, indicating high soil function-
ality, also showing a good relationship with 8'*C, suggesting a probable increase in relative lignin which could have been

linked to carbon conservation and increased functionality.
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1 Introduction

Soil organic carbon (SOC) is gaining increasing interest
as a key factor regarding soil from multiple perspectives,
gathering increasing acknowledgment for its contribution
to the multifunctionality of soil management on a global
scale, including environmental, social, and economic aspects
(Baveye et al. 2016). Within this context, there is increasing
attention regarding the preservation of and the increase in
SOC, as concerns its relevance to both soil functions and
climate regulation (Wiesmeier et al. 2019). Again in this
context, the utilisation of recycled organic waste (OW) in
agricultural soil such as animal manure, sewage sludge,
anaerobic digestate and compost has substantial potential
of contributing to the conservation of SOC, its storage, and
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overall soil functionality (Smith et al. 1997; Ros et al. 2006).
In a broader perspective, such actions help in reducing the
greenhouse gas emissions caused by the alternative route of
different organic wastes from less environmentally friendly
disposal processes (e.g., landfilling, incineration). Moreover,
these practices lead to diminished reliance on the produc-
tion and application of chemical fertilisers (Amelung et al.
2020). In this setting, composting is widely acknowledged
to be a reliable strategy for managing organic waste, effec-
tively reducing its volume, degradability, and phytotoxicity,
ultimately resulting in biologically stable products suitable
for safe agricultural application (Grigatti et al. 2011; Onwosi
et al. 2017).

Within this frame of reference, various types of organic
waste, such as green waste, bio-waste, and urban and agro-
industrial sludge, are composted, with an emerging trend
of employing an integrated approach which combines
anaerobic digestion (AD) with the composting process
(Grigatti et al. 2020). The direct benefits of amending the
soil with organic carbon are evident, together with the indi-
rect enhancements in soil physical properties and increased
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nutrient availability, both of which contribute to heightened
plant growth and the input of plant residues (Nayak et al.
2009; Paustian et al. 2019). It should be noted that the differ-
ent origins of compost and their varying degrees of biologi-
cal stability can influence their subsequent mineralisation
in soil (Grigatti et al. 2014; Chen et al. 2014). Moreover,
it is known that the presence of easily accessible forms of
nitrogen (including mineral nitrogen fertilisers), can promote
the mineralisation of soil organic carbon (Chen et al. 2014;
Li et al. 2022). In this respect, numerous investigations have
focused on the variations in soil organic matter resulting
from single or repeated applications of compost as well as
on investigations into the combined distribution of compost
and mineral fertilisers (Fronning et al. 2008; Nayak et al.
2009; Maris et al. 2021). On the contrary, there is a scarcity
of studies examining the fate of SOC or changes in its func-
tionality across a sequence of compost and mineral fertiliser
applications, a practice commonly adopted in agriculture
(Maris et al. 2021). Addressing these topics is complicated
having technical challenges associated with assessing the
fate of carbon originating from recycled organic matter in
soil. To tackle these challenges, the application of the sta-
ble isotope 13C (or 8'3C) tracer technique, based on natural
abundance, has emerged as a valuable tool (Glaser et al.
2001; Inécio et al. 2018). However, the utility of this tech-
nique has been hindered by challenges in differentiating 8'*C
signatures between amendments and soil, together with the
substantial variability in the §'°C signature of the materials
added. In this regard, the microbial transformations taking
place during anaerobic digestion and/or the composting of
OW have the potential of mitigating the inherent variability
in their 13C signatures, thereby enhancing the effectiveness
of this approach.

Lynch et al. (2006) have demonstrated the viability of
using natural abundance '3C to assess carbon storage in soil
using an incubation test involving different types of com-
post. In addition to this methodology, researchers have often
leveraged A!3C to gain deeper insights into the process of
carbon mineralisation (Wang et al. 2015). Specifically, A'*C
is a notation which quantifies the calculation of 8'3C rela-
tive to a reference, commonly a chemical reference such as
in the present case. This approach factors in the fractiona-
tion processes (1*C vs. 12C) resulting from microbial activ-
ity (Bostrom et al. 2007), especially in the presence of a
nutrient source, mainly nitrogen, such as those introduced
through chemical fertilisers (Raj et al. 2020). In addition
to 8'3C investigations, an insightful perspective into soil
functionality variations can be gleaned from the study of
KMnO, oxidisable organic carbon, also known as Labile-C,
which enables the derivation of the valuable carbon man-
agement index (CMI). As outlined by Blair et al. (1995),
this index is based on the distribution of SOC within the
labile and the non-labile fractions, yielding a lability index
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(LI) and a comprehensive carbon pool index (CPI). These
indices facilitate the assessment of the relative sustainability
of different management options (e.g., cropping, fertilisa-
tion) as compared to a reference system (e.g., organic vs.
chemical fertilisation). Subsequently, numerous researchers
embraced the CMI as an indicator for gauging the changes
in SOC quality resulting from distinct management practices
(Ameer et al. 2023; Abagandura et al. 2023). Some authors
have effectively combined the study of 8'3C and the CMI
(Lefroy et al. 1993; Sandeep et al. 2016; Ghosh et al. 2019),
although many of these investigations were conducted in
open fields, exhibiting substantial variability and necessitat-
ing long-term assessments in order to establish robust find-
ings. Consequently, numerous researchers encourage or are
already implementing tightly controlled conditions during
their research endeavours (Yilmaz and S6nmez 2017; Liao
et al. 2023).

The present study, therefore, makes use of pots involv-
ing ryegrass. Ryegrass, characterised by its high nitrogen
requirements and rapid growth, serves as an ideal candidate
for effectively assessing the fertilisation potential of the
treatments tested (Cordovil et al. 2007; Jimenez et al. 2020).
The application of standardised growth conditions (soil
moisture, light, temperature) ensures minimal variability in
both plant and soil outcomes. This favourable combination
makes it a reliable model for the investigation of both agro-
nomic and nutritional performance as well as for changes in
soil organic carbon and soil quality. To this end, the pot soil
previously investigated by Grigatti et al. (2019), where four
distinct composts of various origins were examined at two
application rates (10 and 20 Mg VS ha™!), and compared
with an unamended control (Ctrl) and a chemical fertiliser
(Chem). The present investigation covered two consecutive
growth cycles (112 + 112 days) using ryegrass, both with
and without the addition of mineral nitrogen. In this study,
the fate of SOC and shifts in SOC quality within the pot soil
selected were explored. To achieve this, at the end of each
crop cycle (days 112 and 224), the TOC and its labile frac-
tion were determined in the pot soil in order to measure the
carbon management index. Furthermore, the study examined
the pot soil 5'C and A'*C in order to offer a comprehensive
understanding of the fate of the organic carbon introduced
into the soil by the compost.

2 Materials and Methods
2.1 Compost

The products compared in this study were derived from what
was reported by Grigatti et al. (2019). In brief, a 100% green
waste compost (GWC), one from anaerobically digested bio-
waste + green waste (45+55%) (DC), one from urban and
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agro-industrial sludge + green waste (50+50%) (SSC), and
one from bio-waste + green waste (60 +40%) (BWC) were
used. The oxygen uptake rate (OUR) was determined on
fresh products as described by Grigatti et al. (2007). The
total organic carbon (TOC) and total nitrogen (TN) were
determined with an elemental analyser; in addition, spe-
cifically for this study, the 8'*C (%) of the composts com-
pared were determined using a coupled mass spectrometer
(DELTA V Advantage; Thermo Electrone Germany) accord-
ing to the following equation:

8%o = [(Rsample/Rstandard) — 1] x 1000;

where R ='3C/"2C. The main characteristics of the composts
compared are reported in Table 1.

2.2 Soil total organic carbon, §'*C and KMnO,
oxidisable carbon

A dual-stage (112 +112) ryegrass pot test, detailed in Gri-
gatti et al. (2019), involved the addition of four compost
types (GWC, DC, SC, BWC) at two organic matter applica-
tion rates: 10 and 20 Mg of volatile solids (VS) ha™!, to soil
taken from the upper layer of a field in the Po Valley (Bolo-
gna, Italy), the main characteristics of the soil are listed in
Table 18S. In addition, an unamended control (Ctrl) and a
chemical reference (Chem) were included. A randomised
complete block design with four replicates was applied.
After sampling at the end of the first growth period (day
112), the pot was reused in a subsequent growth season.
During this second cycle, the ryegrass was fertilised to
ensure aa non-limiting nitrogen supply. At the conclusion of
the second growth cycle (day 224), samples of pot soil were
collected and utilised for the analysis described in the fol-
lowing section. The total organic carbon content as well as
the 8'3C was determined on the soil samples collected at the
end of the first (day 112) and second growth cycles (day 224)
using an elemental analyser coupled with a mass spectrom-
eter (DELTA V Advantage; Thermo Electrone Germany). In

addition, the KMnO, oxidisable C (C,) content was deter-
mined (in duplicate) on 2.5 g of pot soil according to Weil
et al. (2003). The CMI was obtained according to the method
of Blair et al. (1995):

CMI(%) = (carbon pool index) X (lability index) X 100

where the CPI was calculated according to the following
equation:

CPI = (C treated soil)/(C reference soil)

where C treated soil is the organic carbon (g kg™") from soil
treated with the organic products (GWC, DC, SSC, BWC),
and C reference soil is the organic carbon (g kg™!) in soil
from Chem.

The LI was calculated according to the following equation

LI = (C lability treated soil)/(C lability reference soil)

where the C lability treated soil is the carbon lability from
soil treated with the organic products (GWC, DC, SSC,
BWCQ), and the C lability reference soil is the carbon labil-
ity in soil from Chem. The C lability is expressed as the
ratio of labile C (C) to non-labile C (Cy; ). Non-labile C
was calculated as the difference between the total C content
and the C; content of the soil. The data from each of the two
cycles were analysed using one-way ANOVA (Statistica 7,
StatSoft); the mean separation was carried out using a Tukey
test (P <0.05).

3 Results
3.1 Main compost characteristics

Table 1 shows the main characteristics of the compost. The
data derived by Grigatti et al. (2019) demonstrated that
GWC and BWC had the highest VS (2530 mg g~!), while
DC and SSC ranked below (=380 mg g™'), being very simi-
lar to the TOC trend: GWC and BWC (2300 mg g~!), DC

Table 1 Main characteristic of

the compared composts Compost VS | TOC | N | C:N OUR NH4+-1\I1 No;-l\jl 8¢
(mgg™) (mgg™) (mgg™) (mmol O, (mgkg™) (mgkg™)  (%0)
kg~' VS hh
GWC 525 304 19.8 16 7 576 131 -27.91
DC 400 233 26.7 9 6 2696 2815 -27.06
SSC 375 241 27.0 9 9 6109 1678 -26.41
BWC 545 312 23.1 14 62 3106 192 -25.54

VS: volatile solids; TOC: total organic carbon; Ny, total nitrogen; C:N: carbon to nitrogen ratio; OUR:
oxygen uptake rate; NH,*-N: ammonium nitrogen; NO;N: nitrate nitrogen; 8'3C: natural '3C isotopic
abundance. GWC: green waste compost; DC: anaerobically digested bio-waste compost; SSC: sludge
compost; BWC: bio-waste compost. The data are expressed on TS, these are the average of two replicates
(CV <5%); from Grigatti et al. 2019. The 8'°C (%o) values are the average of three replicates (CV <5%)
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and SSC (~230 mg g_l). In contrast, the total nitrogen (N,,,)
was lowest in GWC (19.8 mg g™ '), while it was recorded
at approximately 27.0 mg g~! in DC and SSC, BWC being
intermediate (23.1 mg g™ 1), yielding a C:N ratio of approxi-
mately 15 in GWC and BWC, and approximately 9 in both
DC and SSC. The stability level (OUR) showed very dif-
ferent outcomes, being the best in GWC, DC, and SSC
(7, 6 and 9 mmol O, kg_1 VS h_l), while it was recorded
at a lower level in BWC (62 mmol O, kg™' VS h™!). The
ammonium nitrogen (NH,*-N) ranged from ~600 to
~6000 mg kg~' (GWC and SC), DC and BWC being inter-
mediate (3000 mg kg™"). The nitric nitrogen (NO;"N) was
the lowest in GWC and BWC (~130 and ~190 mg kg™"),
the highest in DC (2800 mg kg™!), and intermediate in
SSC (1600 ~mg kg~!). Moreover, the §'3C (%) values
were: GWC (-27.91 +0.189); DC (-27.06 +0.004); SSC
(-26.41+0.364); BWC (-25.54 +0.181).

3.2 Total, non-labile and KMnO, oxidisable carbon

As reported in Table 2, at the end of the first cycle of
ryegrass cultivation (day 112), the pot soil from the una-
mended Ctrl showed the lowest TOC (7.85 g kg™!). At the
same sampling time GWC,, and BWC,, had the best and the
worst TOC, respectively (10.65 vs. 8.92 g kg™!), Chem being

in the low range (9.11 g kg™!). In this context (day 112),
DC,, and SSC,, were intermediate (9.71 g kg™', on average).
In contrast, no difference was detected between the treat-
ments at high VS loading (GWC,(; DC,y; SSC,p; BWC,),
averaging at 11.59 g kg™! at the same sampling time (day
112).At the end of the second growth cycle (day 224), a
different output was recorded since Ctrl and Chem had the
worst TOC (7.30 g kg™, on average), while all the compost
treatments at the low level (GWC,; DC,; SSC,; BWC,),
averaged a higher TOC (8.80 g kg™'). At the same sampling
time (day 224) SSC,, and GWC, attained the highest TOC
(11.44 and 10.02 g kg™"), while DC,, and BWC, clustered
at a lower level (9.25 g kg™!, on average). Table 2 also shows
the non-labile carbon (Cy;) at day 112; this mimicked the
TOC pattern. Specifically, at this sampling time, Ctrl per-
formed the worst (7.22 g kg™!), the compost treatments
GWC,,, DC,,, SSC,, and BWC,, averaged 9.10 g kg~!,
close to Chem (8.51 g kg™, while GWC,,, DC,;, SSC,, and
BWC,,, performed higher Cy;, (10.90 g kg~!, on average).
At the second sampling date (day 224), Ctrl and Chem
also had poor Cy; (6.71 g kg™!, on average). At this
stage, the Cy; in GWC,,, DC,,, SSC,, and BWC,, was
8.12 g kg™! (on average), while at the higher VS loading,
GWC,,, DC,,, and BWC,, were 8.84 g kg™'; at the same
time, SSC,,, was better (10.76 g kg™!). Table 2 also reports

Table 2 Total organic carbon

(TOC), non-labile carbon (Cy, ), Day Treatment Level . TOC,] CaL B Cp B CPI L LI CMI
labile C (C;), carbon pool index MgVSha™) (gke™) (eke) (eke™) %) (%)
(S’I), lcﬁilbili{)y (L), lability index 112 Ctrl 785¢  722¢  063b 086c 868a 123a 106D
i(n dzzfr(lCI(\:/IaIr) f’r? tﬁf;‘?ﬁ:ﬁﬁ‘tﬁ Chem 9.11bc  85lbc  0.60b 7.04 be
treatments af the different GWC,, 10 1065ab 996ab 0.70ab 1.17ab 7.02bc 1.00ac 114ab
levels at the end of the first and DC,, 10 9.76ac  9.10ac  0.66b 1.07ac 728 ac 1.03ac 111ab
the second growth cycle (day SSCyp 10 966ac 9.06ac 0.59b  1.06ac 657bc 0.93bc 99b
112-224) BWC,, 10 892bc 827bc  065b  098bc 7.93ab 1.13ab 110ab
GWC, 20 12.12a  1134a 078a 133a 6.89bc 0.98ac 129a
DC,, 20 1164a 1095a 0.70ab 128a 6.44bc 091bc 116ab
SSCy 20 10.83a 10.18ab 0.64b  1.19ab 6.34bc 0.90bc 107 ab
BWC,, 20 11.78a 11.14a 064b 129a 579¢ 0.82¢c 106b
224  Ctrl 72lc  6.60d 06lbc 097c¢ 927a l.lla 109b
Chem 740c  6.83d  057c 8.32 ab
GWC,, 10 921b  853bc 068ab 1.25ab 8.0lac 0.96ab 120ab
DC,, 10 88lb  814bc 0.67ab 1.19ab 826ab 099ab 118ab
SSCyo 10 9.14b  843bc 07la 124ab 842ab 10lab 125a
BWC,, 10 8.03bc 739cd 0.65ac 1.09bc 8.77ab 1.05a 1l4ab
GWC,, 20 1002ab 933b  0.69ab 1.35ab 7.4lac 0.89ab 120ab
DC,, 20 905b  835bc  069ab 122b 833ab 1.00ab 122ab
SSCy 20 1144a 10.76a 070a 155a 636¢c 0.76c¢ 118ab
BWC,, 20 950b  8.84b  067ab 1.28b 7.58ac 09lab 117ab

Ctrl: unamended control soil; Chem: chemical reference; GWC: green waste compost; DC: anaerobically
digested bio-waste compost; SSC: sludge compost; BWC: bio-waste compost. A one-way ANOVA was
applied to the data from the two cycles, in each column and for each trait the different letter intervals indi-
cate statistically different mean data according to Tukey test (P <0.05)
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the Labile-C (C,;) determined in the pot soil at the end of
the two growth periods. At the end of the first cultivation
cycle (day 112), this was in the low range in Ctrl and Chem
(0.61 g kg™!, on average). In comparison to these, GWC,,
was the best (0.70 g kg™!), being higher than DC,,, SSC,,
and BWC, (0.64 g kg™, on average). At the higher load-
ing, GWC,, was the best (0.78 g kg™, slightly higher than
DC,, (0.70 g kg™"), while SSC,, and BWC,, were lower
(0.64 g kg™!). At the end of the second growth period (day
224), Chem and Ctrl had the worst C; (0.57 and 0.61 g kg_l)
values; in addition, a general C; flattening between the dif-
ferent treatments at 10 and 20 Mg ha™! was also recorded:
GWC (0.68 vs. 0.69); DC (0.67 vs. 0.69); SSC (0.71 vs.
0.70); BWC (0.65 vs. 0.67).

3.3 Carbon pool index (CPI), lability (L), lability
index (LI), and carbon management index (CMI)

The CPI calculated vs. Chem is reported in Table 2. At the
end of the first growth period (day 112), the CPI in pot soil
was the lowest in the unamended Ctrl soil (0.86). Across the
pots which were treated with compost at 10 or 20 Mg VS
ha™!, an overall trend was identified in which the higher dose
displayed a higher CPI: GWC (1.17 vs. 1.33); DC: (1.07 vs.
1.28); SSC: (1.06 vs. 1.19); BWC (0.98 vs. 1.29). At the sec-
ond sampling time (day 224), the Ctrl still had the worst CPI
(0.95), while a whole clustering was still detectable among
the treatments at 10 vs. 20 Mg ha™!, although not always
yielding statistically significant results: GWC (1.25 vs. 1.35);
SSC: (1.24 vs. 1.55); BWC (1.09 vs. 1.28); only DC showed
minimal variation (1.19 vs. 1.22).

Lability (L) at the end of the first growth cycle (day 112)
is also reported in Table 2. At this sampling time, the Ctrl
soil was the best (8.68%); among the pots treated at 10 or
20 Mg VS ha™!, no significant difference was detected in
either GWC (7.02 vs. 6.89%) or SSC (6.57 vs. 6.34%). Only
BWC (7.93 vs. 5.79%) and DC (7.28 vs. 6.44%) showed a
significant reduction, Chem being intermediate (7.04%). At
the second sampling date (day 224), the unamended Ctrl
soil still had the highest lability (9.27%), while no appreci-
able difference was recorded among the different treatments
at either 10 or 20 Mg ha™! in: GWC (7.71%), DC (8.30%)
and BWC (8.18%). Only SSC showed a significant reduc-
tion (down to 6.36%), while Chem was in the higher range
(7.68%). Table 2 also reports the lability index (LI); at the
end of the first growth period (day 112), it was the best in
the Ctrl (1.23). Of the pots treated with compost at 10 and
20 Mg VS ha™!, no significant difference was detected in
GWC (1.00 vs. 0.98), and SSC (0.93 vs. 0.90); only DC
showed some variation (1.03 vs. 0.91) together with BWC to
a higher extent (1.13 vs. 0.82). At day 224, the LI of the una-
mended Ctrl was still the best (1.11). In the pot soil treated
with compost at 10 and 20 Mg VS ha~!, no significant

difference was detected in the LI from GWC (0.96 vs. 0.89)
or DC (0.99 vs. 1.00); only BWC (1.05 vs. 0.91) and SSC
showed some variation (1.01 vs. 0.76). Finally, Table 2 also
shows the CMI (%). At the end of the first growth cycle (day
112), it was 106% in the Ctrl.

The pot soil showed some CMI variation when treated
with compost at 10 or 20 Mg ha™': GWC (114 vs. 129%);
SSC (99 vs. 107%); BWC (110 vs. 106%), while treatment
with DC was not statistically significant (111 vs. 116%). At
the end of the second growth period (day 224), the CMI
was 109% in Ctrl. The CMI was very similar between the
compost-treated soils at both 10 and 20 Mg VS ha™!, averag-
ing 118%, while the SSC,, was 125%.

3.4 Pot soil isotopic signature §'3C at the end
of the two consecutive ryegrass growth cycles

As reported in Fig. 1, at the end of the first growth cycle
(day 112), the isotopic signature “8'*C (%) of pot soil from
Ctrl and Chem ranged from -25.39 to -25.55. Figure 1 also
showed that, at the same sampling date (day 112), the dif-
ferent composts had a significantly depleted '*C signature
(%o0) in comparison to both Ctrl and Chem: GWC,, (-26.58);
DC,, (-26.19); SSC,, (-26.20); BWC,, (-26.22). Always in
comparison to the references (Ctrl and Chem) at the end of
the first growth cycle (day 112), a more depleted '>C signa-
ture (%o) was recorded at increasing compost application in
GWC,; and DC,; (-26.94 and -26.91); on the contrary, an
incremental '3C signature (%0) was recorded in SSC,, and
BWC,, (-25.68 and -25.91).At the end of the second growth
cycle (day 224), an notable 8'3C (%o) increase occurred at
both Ctrl and Chem reaching -24.32 and -24.32, respectively.
Similarly, the pot soil treated with the different composts
showed a notable 8'3C (%o) increase. Specifically, GWC
reached very similar 8'3C (%), regardless of the compost
application levels of 10 and 20 Mg VS ha™! (-25.79 vs.
-25.80). The other products at the two levels (10 and 20 Mg
VS ha™!): DC (-25.49 vs. -25.70), SSC (-25.72 vs. -25.66)
and BWC (-25.25 vs. -25.10) behaved similarly. Figure 2
reports the A13C(%o); it showed the difference between the
composts compared at the two compost loadings at each
time interval (day 112 and day 224). In this context, GWC
10 showed A'BC(%0) depletion throughout the pot test at day
112 and day 224 (-1.03 vs. 1.38), while GWC,,, showed simi-
lar A'*C(%o) values regardless of the sampling time (-1.39,
on average). The DC behaved similarly but to a different
extent (day 112 and day 224): DC,, (-0.65 vs. -1.08), and
DC, (-1.36 vs. -1.29). On the other hand, SSC showed addi-
tional A'>C(%o0) depletion at the higher compost applica-
tion level over time (day 112 and day 224): SSC,, (-0.65 vs.
-1.13) and SSC,, (-0.35 vs. -1.15). However, BWC mimicked
SSC to a lesser extent: BWC,, (-0.67 vs. -0.84) and BWC,,
(-0.36 vs. -0.69).
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Fig. 1 '3C isotope natural
abundance [5.*C (%o0)] in the 245
pot soil in the different treat-
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levels (10 and 20), at the end of
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3.5 Relationship of the CMI to §"3C (%o)
and with A"3C(%o)

Figure 3a reports the relationship of the CMI with the
8!3C (%o) determined in the pot soil at the end of the
first and the second cycles (days 112 and 224). The data
showed a separate clustering of the two cycles, more nota-
ble after 112 days; the CMI ranged from 99 to 129%, and
the 8'C (%o) varied from -25.68 to -26.94 with a rela-
tionship described by the linear equation: Y =-0.0381x
—22.078 (R*=0.58). After 224 days, a greater variation
was recorded since the CMI ranged from 114 to 125%,
while the 8'°C (%o) ranged from -25.10 to -25.80, their
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relationship being described by the following equation:
Y =-0.056x — 1.889 (R?=0.50). Figure 3b reports the
relationships between the CMI and the ABC(%o0). In this
case, at the end of the first growth cycle, the CMI and the
A'3C ranged from 98 to 130% and from -0.35 to -1.39,
respectively, while a narrow range was recorded at the
end of the second growth cycle for both the CMI (114 and
125%) and the A'3C(%0) (-0.69 and -1.39) as a result of
the mineralisation of the easily degradable organic matter.
The relationship between the two parameters investigated
(Y =-0.038x+3.4158; R%= 0.64) is very interesting,
revealing the strong relationship between higher A'*C
depletion and higher soil carbon functionality.
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Fig.3 Relationship between the carbon management index (CMI)
and the 1°C isotope natural abundance [8'°C (%o)] (a) and the 13C iso-
tope natural abundance calculated vs. Chem [A.13C(%0)] (b) in the

4 Discussion

The data on the composts compared in this work have shown
that the different raw materials and processes adopted played
a key role in determining the main physicochemical proper-
ties of the tested products. Specifically, the green waste and
bio-waste composts (GWC and BWC), formed from pure
lignocellulosic residues or a mixture of lignocellulosic and
food waste, showed a higher amount of organic matter than
digestate and sludge composts. This aligns with the different
composting processes used: single composting for GWC and
BWC versus coupled anaerobic digestion/composting for DC
and SSC, as previously reported by Grigatti et al. (2019). In
addition most of the compared samples achieved high bio-
logical stability (OUR), meeting agricultural usability stand-
ards under the European Fertilizer Regulation (EU Reg.
1009/2019). This not only avoids undesirable CO, emissions
from the soil but also promotes greater SOC conservation, as
supported by previous works (Grigatti et al. 2007; 2020). In
this scenario, the natural abundance of '*C may be helpful in
studying the fate of the organic carbon added with compost
to the soil (Lynch et al. 2006), especially with the low §!C
inherent variability of the selected products. In this regard,
the 8'*C(%o) levels of GWC and BWC showed the widest
interval with values in agreement with different raw materi-
als and processes. The literature reports some information
regarding the 8'°C (%o) of compost derived from sewage
sludge; Lynch et al. (2006), reported a 8'3C (%) signature
very close to the sewage sludge based compost from this

-0,25 - b
-0,50 -
~ =0,75
X
S
4 -1,00 -
-1,25 -
[ ]
_1,50 | Y=I-0.038X+3.4I158;R =0.64I |
100 110 120 130

CMI (%)

pot soil in the different treatments at the end of the two growth cycles
(day 112 and 224)

study. Dai et al. (2009) also reported a similar range for
composted biosolids, while there is less information regard-
ing the compost based on bio-waste anaerobic digestates.
Some information regarding the 8'*C (%o) of cattle, and pig
slurry digestates is reported by Nogués et al. (2023) who
also described the 8'°C value of composted products, this
characteristic being notably affected by the addition of bulk-
ing material, rich of lignin. It is widely recognized in the
literature that lignin has a depleted 8'>C signature compared
to whole plant material (Lynch et al. 2006). Furthermore,
lignin is generally very resistant to biological degradation,
being more preserved than other plant tissue components
such as cellulose and hemicellulose, both following min-
eralization processes in soil and also during composting
(Lynch et al. 2006), and better discussed below. While there
have been many studies examining the effects of compost
application or combined applications of organic and mineral
fertilisers on the fate of soil organic carbon (Li et al. 2022),
there is less research which has considered these aspects
in relation to simulated field cultivation which alternates
organic and chemical fertilisation management (Tang et al.
2018). In this field some studies have demonstrated that
alternating organic-chemical fertilisation can maximise
plant nutrient utilisation efficiency (mainly N and P), thus
preventing overfertilisation (Grigatti et al. 2019), and at the
same time, increasing soil carbon functionality (Grigatti
2023). In the present study results proved the positive effect
of compost utilisation on the soil organic carbon storage
capacity, especially in comparison with common chemical
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fertilisation. These outcomes are in agreement with the lit-
erature following the application of various types of compost
to the soil (Cooper and DeMarco 2023; Badewa et al. 2023),
however as mentioned earlier, exploring SOC functional-
ity can provide additional insights into the topic. In order
to gain a deeper understanding, the Authors carried out an
investigation on the oxidisable carbon (C;) using KMnO,.
This fraction is known to be highly sensitive to variations
in soil management (Blair et al. 1995), and can also be uti-
lised for calculating the CMI. However, after the first cycle,
a minimal variation in C; was observed across the differ-
ent treatments, similarly to what reported by Grigatti et al.
(2023) in a pot study on composted anaerobic digestates
derived from sewage sludge and bio-waste. Following the
nitrogen fertilisation, the C; values for the various organic
treatments converged to similar levels, indicating the min-
eralisation of this active portion (Alburquerque et al. 2009).
However, only modest variations in the CMI, with a slight
increase observed passing from the first to the second cycle;
these values consistently remained greater than 100%. This
proved the high soil organic carbon functionality of the
compost-treated soil. At the same time the present study
revealed after the first growth cycle there was an overall
greater depletion of 8'°C in the compost-treated pots in
comparison to both the references (Ctrl and Chem). This
behaviour was very likely related to the '*C vs. >C fractiona-
tion process generally occurring during the soil organic mat-
ter mineralisation (Lynch et al. 2006; Atere et al. 2020). At
the same time, it has generally been recognised that lignin,
highly resistant to degradation, may present a preferential
build-up over cellulose and hemicellulose in which composts
are rich (Lynch et al. 2006). This is the most likely reason
for the more depleted 8'*C which was determined in the
major part of the compost-treated soil after the first cycle
of cultivation. The different composts provided nutrients
ensuring plant growth, and also feeding the soil microbial
community since these microorganisms are responsible for
13C vs. 12C fractionation; in this light the study of A!*C can
represent a more informative insight when carried out under
optimal conditions. The data showed that the soil treated
with GWC had highly depleted A'*C (which was only poorly
affected by the application level over time), in accord with
the higher lignin content of this product. The other compost
treatments having greater depletion at the end of the second
cycle, suggested intense mineralization of the other fractions
(cellulose, hemicellulose), and consequent lignin conserva-
tion, especially at this stage. The study of the relationship
between the CMI and A'3C appeared to be very helpful in
giving the whole picture of soil organic carbon functionality
and its conservation. In fact, the A'3C and the CMI had a
wide range at the end of the first growth cycle, while having
a narrow range at the end of the second growth cycle as a
result of the mineralisation of the easily degradable organic
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matter. Very interesting the linear relationship between
the two parameters investigated (Y =-0.038x +3.4158;
R%=0.64), revealing the strong relationship between higher
A'3C depletion and higher soil carbon functionality.

5 Conclusions

Different raw materials and processes yield composts with
different characteristics, which can play a role in carbon
storage and its functionality once distributed to agricultural
soils. This study proved that compost-treated soils exhibited
higher organic carbon levels in comparison to the chemi-
cally fertilized soil after a simulated growing season with
ryegrass. Being this effect consistent across the different
application levels (10 and 20 Mg of volatile solids ha™").
Notably, the observed outcomes persisted even after the min-
eral nitrogen application in a sequence of organic-chemi-
cal fertilization during a second simulated growth season.
These outputs were confirmed by the remarkable depletion
of the natural *C isotopic abundance (8'3C) observed in
the compost-treated soils, thus indicating compost-derived
carbon conservation, especially in the lignin-rich products.
Furthermore, the soil organic carbon functionality deter-
mined via the study of KMnO,-oxidisable carbon (labile
carbon) was enhanced in compost-treated soils, as evidenced
by the carbon management index (CMI), emphasizing the
advantages of using compost. The study, which focused on
the natural abundance of 8'°C and labile carbon, suggested
a potential correlation between the functional aspects of
soil organic carbon and the resilient component of com-
post, lignin. These findings can contribute significantly to
the broader understanding of sustainable agricultural prac-
tices and effective soil organic carbon management strat-
egies through compost utilization. Lignin, emerging as a
key factor in soil organic matter potential storage and soil
functionality deserves deeper exploration in future studies
about agricultural use of compost.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42729-024-01680-6.

Funding Open access funding provided by Alma Mater Studiorum -
Universita di Bologna within the CRUI-CARE Agreement.

Declarations

Competing interest The authors declare that they have no known
competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,


https://doi.org/10.1007/s42729-024-01680-6

Journal of Soil Science and Plant Nutrition (2024) 24:2589-2598

2597

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abagandura GO, Mahal NK, Butail NP, Dhaliwal JK, Gautam A, Bawa
A, Kumar S (2023) Soil labile carbon and nitrogen fractions after
eleven years of manure and mineral fertilizer applications. Arch
Agron Soil Sci 69:875-890. https://doi.org/10.1080/03650340.
2022.2043549

Alburquerque JA, Gonzalvez J, Tortosa G, Baddi GA, Cegarra J (2009)
Evaluation of “alperujo” composting based on organic matter
degradation, humification and compost quality. Biodegradation
20:257-270. https://doi.org/10.1007/s10532-008-9218-y

Ameer I, Kubar KA, Ali Q, Ali S, Khan T, Shahzad K, Riaz M, Shah
Z, Rajpar I, Ahmed M, Talpur KH (2023) Land degradation resist-
ance potential of a dry, semiarid region in relation to soil organic
carbon stocks, carbon management index, and soil aggregate sta-
bility. Land Degrad Dev 34:624—636. https://doi.org/10.1002/1dr.
4480

Amelung W, Bossio D, de Vries W, Kogel-Knabner I, Lehmann J,
Amundson Bol R, Collins C, Lal R, Leifeld J, Minasny B, Pan G,
Rumpel PK, Sanderman CJ, van Groenigen JW, Mooney S, van
Wesemael B, Wander M, Chabbi A (2020) Towards a global-scale
soil climate mitigation strategy. Nat Commun 11:5427. https://doi.
org/10.1038/s41467-020-18887-7

Atere CT, Gunina A, Zhu Z, Xiao M, Liu S, Kuzyakov Y, Cheng L,
Deng Y, WuJ, Ge T (2020) Organic matter stabilization in aggre-
gates and density fractions in paddy soil depending on long-term
fertilization: tracing of pathways by '*C natural abundance. Soil
Biol Biochem 149:107931. https://doi.org/10.1016/j.s0ilbio.2020.
107931

Badewa EA, Yeung CC, Whalen JK, Oelbermann M (2023) Compost
and biosolids increase long-term soil organic carbon stocks. Can
J Soil Sci. https://doi.org/10.1139/CJSS-2022-0104

Baveye PC, Baveye J, Gowdy J (2016) Soil “ecosystem” services and
natural capital: critical appraisal of research on uncertain ground.
Front Environ Sci 41:1-49. https://doi.org/10.3389/fenvs.2016.
00041

Blair GJ, Lefroy RD, Lisle L (1995) Soil carbon fractions based on
their degree of oxidation, and the development of a carbon man-
agement index for agricultural systems. AustJ Agr Res 46:1459—
1466. https://doi.org/10.1071/AR9951459

Bostrom B, Comstedt D, Ekblad A (2007) Isotope fractionation and
13C enrichment in soil profiles during the decomposition of soil
organic matter. Oecologia 153:89-98. https://doi.org/10.1007/
$00442-007-0700-8

Chen R, Senbayram M, Blagodatsky S, Myachina O, Dittert K, Lin X,
Blagodatskaya E, Kuzyakov Y (2014) Soil C and N availability
determine the priming effect: microbial N mining and stoichio-
metric decomposition theories. Glob Change Biol 20:2356-2367.
https://doi.org/10.1111/gcb.12475

Cooper A, DeMarco J (2023) Composted biosolids amendments for
enhanced soil organic carbon and water storage in perennial pas-
tures in Colorado. Agric Ecosys Environon 347:108401. https://
doi.org/10.1016/j.agee.2023.108401

Cordovil CM, Cabral F, Coutinho J (2007) Potential mineralization of
nitrogen from organic wastes to ryegrass and wheat crops. Biore-
sour Technol 98:3265-3268. https://doi.org/10.1016/j.biortech.
2006.07.014

Dai X, Vietor DM, Hons FM, Provin TL, White RH, Boutton TW,
Munster CL (2009) Effect of composted biosolids on soil organic
carbon storage during establishment of transplanted sod. Hort Sci
44:503-507. https://doi.org/10.21273/HORTSCI.44.2.503

EU (2019) EU Regulation (EU) 2019/1009 of the European parlia-
ment and of the council of 5 June 2019. Official J Eur Union L
170(2019):1-114

Fronning BE, Thelen KD, Min DH (2008) Use of manure, compost,
and cover crops to supplant crop residue carbon in corn stover
removed cropping systems. Agron J 100:1703-1710. https://doi.
org/10.2134/agronj2008.0052

Ghosh A, Bhattacharyya R, Agarwal BK, Mahapatra P, Shahi DK,
Singh G, Agnihorti R, Sawlani R, Sharma C (2019) Long-term
fertilization effects on '*C natural abundance, soil aggregation,
and deep soil organic carbon sequestration in an Alfisol. Land
Degrad Develop 30:391-405. https://doi.org/10.1002/1dr.3229

Glaser B, Bol R, Preedy N, McTiernan KB, Clark M, Amelung W
(2001) Short-term sequestration of slurry-derived carbon and
nitrogen in temperate grassland soil as assessed by '3C and
N natural abundance measurements. J Plant Nutr Soil Sci
164:467-474. https://doi.org/10.1002/1522-2624(200110)
164:5%3C467::AID-JPLN467%3E3.0.CO;2-Q

Grigatti M (2023) Effect of raw and composted anaerobic digestates
from sewage sludge and biowaste on ryegrass phosphorous
availability and soil carbon management. J Soil Sci Plant Nutr
23:854-866. https://doi.org/10.1007/s42729-022-01088-0

Grigatti M, Pérez MD, Blok WJ, Ciavatta C, Veeken A (2007) A
standardized method for the determination of the intrinsic car-
bon and nitrogen minralization capacity of natural organic mat-
ter sources. Soil Biol Biochem 39:1493-1503. https://doi.org/
10.1016/j.50ilbi0.2006.12.035

Grigatti M, Cavani L, Ciavatta C (2011) The evaluation of stabil-
ity during the composting of different starting materials: Com-
parison of chemical and biological parameters. Chemosphere
83:41-48. https://doi.org/10.1016/j.chemosphere.2011.01.010

Grigatti M, Cavani L, Marzadori C, Ciavatta C (2014) Recycling
of dry-batch digestate as amendment: soil C and N dynamics
and ryegrass nitrogen utilisation efficiency. Waste Biom Valor
5:823-833. https://doi.org/10.1007/s12649-014-9302-y

Grigatti M, Cavani L, di Biase G, Ciavatta C (2019) Current and
residual phosphorous availability from compost in a ryegrass
pot test. Sci Total Environ 677:250-262. https://doi.org/10.
1016/j.scitotenv.2019.04.349

Grigatti M, Barbanti L, Hassan MU, Ciavatta C (2020) Fertiliz-
ing potential and CO2 emissions following the utilization of
fresh and composted food-waste anaerobic digestates. Sci Total
Environ 698:134198. https://doi.org/10.1016/j.scitotenv.2019.
134198

Grigatti M, Petroli A, Ciavatta C (2023) Plant phosphorus efficiency
from raw and composted agro- and bio-waste anaerobic digestates.
J Soil Sci Plant Nutr. https://doi.org/10.1007/s42729-023-01274-8

Inacio CT, Magalhdes AM, Souza PO, Chalk PM, Urquiaga S (2018)
The relative isotopic abundance (5 '3C, & '°N) during composting
of agricultural wastes in relation to compost quality and feedstock.
Isot Environ Health Stud 54:185-195. https://doi.org/10.1080/
10256016.2017.1377196

Jimenez J, Grigatti M, Boanini E, Patureau D, Bernet N (2020) The
impact of biogas digestate typology on nutrient recovery for plant
growth: Accessibility indicators for first fertilization prediction.
Waste Manage 117:18-31. https://doi.org/10.1016/j.wasman.
2020.07.052

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/03650340.2022.2043549
https://doi.org/10.1080/03650340.2022.2043549
https://doi.org/10.1007/s10532-008-9218-y
https://doi.org/10.1002/ldr.4480
https://doi.org/10.1002/ldr.4480
https://doi.org/10.1038/s41467-020-18887-7
https://doi.org/10.1038/s41467-020-18887-7
https://doi.org/10.1016/j.soilbio.2020.107931
https://doi.org/10.1016/j.soilbio.2020.107931
https://doi.org/10.1139/CJSS-2022-0104
https://doi.org/10.3389/fenvs.2016.00041
https://doi.org/10.3389/fenvs.2016.00041
https://doi.org/10.1071/AR9951459
https://doi.org/10.1007/s00442-007-0700-8
https://doi.org/10.1007/s00442-007-0700-8
https://doi.org/10.1111/gcb.12475
https://doi.org/10.1016/j.agee.2023.108401
https://doi.org/10.1016/j.agee.2023.108401
https://doi.org/10.1016/j.biortech.2006.07.014
https://doi.org/10.1016/j.biortech.2006.07.014
https://doi.org/10.21273/HORTSCI.44.2.503
https://doi.org/10.2134/agronj2008.0052
https://doi.org/10.2134/agronj2008.0052
https://doi.org/10.1002/ldr.3229
https://doi.org/10.1002/1522-2624(200110)164:5%3C467::AID-JPLN467%3E3.0.CO;2-Q
https://doi.org/10.1002/1522-2624(200110)164:5%3C467::AID-JPLN467%3E3.0.CO;2-Q
https://doi.org/10.1007/s42729-022-01088-0
https://doi.org/10.1016/j.soilbio.2006.12.035
https://doi.org/10.1016/j.soilbio.2006.12.035
https://doi.org/10.1016/j.chemosphere.2011.01.010
https://doi.org/10.1007/s12649-014-9302-y
https://doi.org/10.1016/j.scitotenv.2019.04.349
https://doi.org/10.1016/j.scitotenv.2019.04.349
https://doi.org/10.1016/j.scitotenv.2019.134198
https://doi.org/10.1016/j.scitotenv.2019.134198
https://doi.org/10.1007/s42729-023-01274-8
https://doi.org/10.1080/10256016.2017.1377196
https://doi.org/10.1080/10256016.2017.1377196
https://doi.org/10.1016/j.wasman.2020.07.052
https://doi.org/10.1016/j.wasman.2020.07.052

2598

Journal of Soil Science and Plant Nutrition (2024) 24:2589-2598

Lefroy RD, Blair GJ, Strong WM (1993) Changes in soil organic matter
with cropping as measured by organic carbon fractions and '*C
natural isotope abundance. Plant Soil 155:399-402. https://doi.
org/10.1007/BF00025067

Li C, Aluko OO, Yuan G, Li J, Liu H (2022) The responses of soil
organic carbon and total nitrogen to chemical nitrogen fertilizers
reduction base on a meta-analysis. Sci Rep UK 12:16326. https://
doi.org/10.1038/541598-022-18684-w

Liao L, Wang J, Lei S, Zhang L, Ye Z, Liu G, Zhang C (2023) Dif-
ferential effects of nitrogen addition on the organic carbon
fractions of rhizosphere and bulk soil based on a pot experi-
ment. J Soils Sediments 23:103—-117. https://doi.org/10.1007/
s11368-022-03311-y

Lynch DH, Voroney RP, Warman PR (2006) Use of 13C and N natural
abundance techniques to characterize carbon and nitrogen dynam-
ics in composting and in compost-amended soils. Soil Biol Bio-
chem 38:103-114. https://doi.org/10.1016/j.80ilbi0.2005.04.022

Maris SC, Fiorini A, Boselli R, Santelli S, Tabaglio V (2021) Cover
crops, compost, and conversion to grassland to increase soil C and
N stock in intensive agrosystems. Nutr Cycl Agroecosys 119:83—
101. https://doi.org/10.1007/s10705-020-10110-9

Nayak P, Patel D, Ramakrishnan B, Mishra AK, Samantaray RN
(2009) Long-term application effects of chemical fertiliser and
compost on soil carbon under intensive rice-rice cultivation.
Nutr Cycl Agroecosys 83:259-269. https://doi.org/10.1007/
$10705-008-9217-8

Nogués I, Rumpel C, Sebilo M, Vaury V, Moral R, Bustamante MA
(2023) Stable C and N isotope variation during anaerobic diges-
tate composting and in the compost-amended soil-plant system.
J Environ Manage 329:117063. https://doi.org/10.1016/j.jenvm
an.2022.117063

Onwosi CO, Igbokwe VC, Odimba JN, Eke IE, Nwankwoala MO, Iroh
IN, Ezeogu LI (2017) Composting technology in waste stabiliza-
tion: on the methods, challenges and future prospects. J Environ
Manag 190:140-157. https://doi.org/10.1016/j.jenvman.2016.12.
051

Paustian K, Larson E, Kent J, Marx E, Swan A (2019) Soil C seques-
tration as a biological negative emission strategy. Front Clim 1:8.
https://doi.org/10.3389/fclim.2019.00008

Raj KK, Velmurugan A, Swarnam TP, Subramani T, Adamala S (2020)
Carbon isotopes in soil organic matter dynamic studies. J Anda-
man Sci Assoc 25:1-8 (ISBN: 0970-4183)

@ Springer

Ros M, Klammer S, Knapp B, Aichberger K, Insam H (2006) Long-
term effects of compost amendment of soil on functional and
structural diversity and microbial activity. Soil Use Manage
22:209-218. https://doi.org/10.1111/§.1475-2743.2006.00027.x

Sandeep S, Manjaiah KM, Pal S, Singh AK (2016) Soil carbon frac-
tions under maize—wheat system: effect of tillage and nutrient
management. Environ Monitor Assess 188:1-13. https://doi.org/
10.1007/s10661-015-4995-3

Smith P, Powlson D, Glendining M, Smith JO (1997) Potential for car-
bon sequestration in European soils: preliminary estimates for five
scenarios using results from long-term experiments. Glob Change
Biol 3:67-79. https://doi.org/10.1046/j.1365-2486.1997.00055.x

Tang H, Xiao X, Tang W, Li C, Wang K, Li W, Cheng K, Pan X (2018)
Long-term effects of NPK fertilizers and organic manures on soil
organic carbon and carbon management index under a double-
cropping rice system in Southern China. Comm Soil Sci Plant
Anal 49:1976-1989. https://doi.org/10.1080/00103624.2018.
1492600

Wang G, Yufu J, Wei L (2015) Effects of environmental and biotic
factors on carbon isotopic fractionation during decomposition of
soil organic matter. Sci Rep UK 5(1):11043. https://doi.org/10.
1038/srep11043

Weil RR, Islam KR, Stine MA, Gruver JB, Samson-Liebig SE (2003)
Estimating active carbon for soil quality assessment: A simpli-
fied method for laboratory and field use. Am J Alternative Agric
18:3-17

Wiesmeier M, Urbanski L, Hobley E, Lang B, von Liitzow M, Marin-
Spiotta E, van Wesemael B, Rabot E, Lie M, Garcia-Franco N,
Wollschldger U, Vogel HJ, Kdgel-Knabner I (2019) Soil organic
carbon storage as a key function of soils-A review of drivers and
indicators at various scales. Geoderma 333:149-162. https://doi.
org/10.1016/j.geoderma.2018.07.026

Yilmaz E, Sonmez M (2017) The role of organic/bio—fertilizer amend-
ment on aggregate stability and organic carbon content in different
aggregate scales. Soil till Res 168:118—-124. https://doi.org/10.
1016/j.5til1.2017.01.003

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/BF00025067
https://doi.org/10.1007/BF00025067
https://doi.org/10.1038/s41598-022-18684-w
https://doi.org/10.1038/s41598-022-18684-w
https://doi.org/10.1007/s11368-022-03311-y
https://doi.org/10.1007/s11368-022-03311-y
https://doi.org/10.1016/j.soilbio.2005.04.022
https://doi.org/10.1007/s10705-020-10110-9
https://doi.org/10.1007/s10705-008-9217-8
https://doi.org/10.1007/s10705-008-9217-8
https://doi.org/10.1016/j.jenvman.2022.117063
https://doi.org/10.1016/j.jenvman.2022.117063
https://doi.org/10.1016/j.jenvman.2016.12.051
https://doi.org/10.1016/j.jenvman.2016.12.051
https://doi.org/10.3389/fclim.2019.00008
https://doi.org/10.1111/j.1475-2743.2006.00027.x
https://doi.org/10.1007/s10661-015-4995-3
https://doi.org/10.1007/s10661-015-4995-3
https://doi.org/10.1046/j.1365-2486.1997.00055.x
https://doi.org/10.1080/00103624.2018.1492600
https://doi.org/10.1080/00103624.2018.1492600
https://doi.org/10.1038/srep11043
https://doi.org/10.1038/srep11043
https://doi.org/10.1016/j.geoderma.2018.07.026
https://doi.org/10.1016/j.geoderma.2018.07.026
https://doi.org/10.1016/j.still.2017.01.003
https://doi.org/10.1016/j.still.2017.01.003

	The Fate of Soil Organic Carbon from Compost: A Pot Test Study Using Labile Carbon and 13c Natural Abundance
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Compost
	2.2 Soil total organic carbon, δ13C and KMnO4 oxidisable carbon

	3 Results
	3.1 Main compost characteristics
	3.2 Total, non-labile and KMnO4 oxidisable carbon
	3.3 Carbon pool index (CPI), lability (L), lability index (LI), and carbon management index (CMI)
	3.4 Pot soil isotopic signature δ13C at the end of the two consecutive ryegrass growth cycles
	3.5 Relationship of the CMI to δ13C (‰) and with Δ13C(‰)

	4 Discussion
	5 Conclusions
	References


