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Abstract: The effective use of digestate as exogenous organic matter to enhance soil carbon sequestra-
tion depends on the balance between labile and recalcitrant organic carbon, which is influenced by the
type of feedstock, the fermentation process, and the fraction (liquid, solid) of the fermented product
used. In this work, in order to change the ratio of labile to stable carbon in the resulting fertiliser, the
digestate was mixed with organic carbon-rich supplements: biochar and Humac (a humic acid-rich
substance). The pot experiment was carried out under controlled conditions with maize (Zea mays
L.) in soil amended with the digestate (D), which was incubated with Humac (H), biochar (B), or a
combination of both (D + B + H) before the application. Digestate enriched with Humac showed
improved short-term nutrient (carbon, phosphorus, nitrogen) transformation, as indicated by soil
enzyme activity and the highest maize biomass production of. Total carbon content, C:N ratio,
short-term respiration activity, and nitrification were most enhanced by digestate enriched with either
biochar or combined biochar + Humac). Long-term nitrogen mineralization was mostly enhanced by
digestate + Humac, as indicated by amino-acid-induced respiration and urease activity. Short-term
positive effects of digestate + biochar (eventually + Humac) on catabolism were proven, whereas their
long-term effects on nutrient mineralization were negative (i.e., biochar-mediated immobilization,
sequestration), which should be the focus of further research in future.

Keywords: digestate; soil health; respiration; sustainable agriculture; soil nutrients

1. Introduction

To maintain ecosystem services for agricultural purposes, soil quality and fertility
should be maintained at a level high enough to sustain intensive land use without soil
organic matter (SOM) loss [1]. Therefore, there is a growing global demand for agricultural
inputs that can increase the quantity and quality of SOM over a reasonably long period
of time, both to ensure fertilization efficiency and to minimize negative environmental
impacts, such as greenhouse gas (GHG) emissions. [2]. Low (neutral)-carbon agriculture
(LCA) [3] strategies and environment-friendly agricultural practices [4] are examples of
those approaches that focus, among other things, on balancing labile and stable soil organic
carbon (SOC) in the soil [5]. Regarding organic-based fertilizers with conventional produc-
tion technologies, there is still potential for further study and adoption of new types and
combinations of organic sources in agricultural soils [6,7].
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Anaerobic digestion (AD) is an important way of processing plant and waste biomass
before its agronomic use. Since AD was developed for energy production, the potential use
of digestate as exogenous organic matter (EOM) to enhance soil carbon sequestration is
still being evaluated. However, the importance of the role of carbon mitigation in current
and future EU policies on agricultural systems increases the significance of digestate as a
potential contributor to SOC formation (and carbon dynamics) [8,9]. Several studies have
concluded that digested EOM shows higher stability than undigested EOM in SOM [10–12].
Digestate-based fertilizers can be effective in microbial proliferation, carbon sequestration,
and CO2 emissions reduction in grasslands (cambisol, fluvisol) or tropical ultisol [13–15].
Other studies reported mostly long-term effects of digestate application: labile forms of C
(hot-water extractable carbon) in soils were positively affected by digestate application [16],
and increases in both labile organic carbon (LOC) in the topsoil and recalcitrant organic
carbon (ROC) at greater depths (20–60 cm) were observed [17]. The balance between
LOC and ROC determines soil fertility properties [18], such as plant biomass yield, C
mineralization rate, soil respiration, carbon half-life [19], and nitrogen mineralization [20].
LOC:ROC ratio depends on the prevailing type of carbon fraction in applied organic
amendment [19] and the interaction interval [21].

Agriculture plant waste-derived digestate is particularly recalcitrant due to its high
lignin content, which is not degraded during AD [22], and other compounds, such as
cellulose, hemicellulose, and raw protein, which are only partially degraded compared
to compounds from livestock wastes [23]. Moreover, initial degradation of labile carbon
components during AD is followed by their transformation into complex compounds
(aliphatics, aromatics, and phenols) representing recalcitrant carbon [24]. However, we
used a digestate produced from a mixed feedstock (including food waste). The aromatic
chemical structures of food waste digestate are likely of a more proteinaceous nature [25],
and their carbon parts may express different levels of recalcitrancy. Furthermore, separated
applications of liquid and solid fractions of digestate has been reported as common. These
fractions also differ in their contents of LOC and ROC [22,26]. The use of liquid digestate
fraction, generally richer in LOC, was strongly encouraged by some authors [22,27]. On the
other hand, its contribution to SOC stock is still weak compared to solid fraction digestate,
due to low carbon input [9,22]. Because digestate based on food waste has properties
close to those of the liquid fraction of digestate from agricultural waste, e.g., raw material
with lower C:N ratio and low dry biomass of the final product, we had to assume lower
recalcitrance of the digestate fertilizer. Blending of such digestate with other sources of
stabilized organic carbon (e.g., biochar or humic acids) would likely alter the ratio of
labile and stable carbon in the obtained blended fertilizer. Humic substances derived from
low-rank coals (lignite, leonardite, etc.) could be used as soil conditioners due to their high
humic acid content (25–85%) [28]. The addition of humic substances to the soil enhances
biological (e.g., soil enzyme activity and microbial respiration), physical, and chemical soil
properties and plant growth [29,30]. Biochar, the second tested material, is known to greatly
increase the stable fraction of SOC in amended soils [31–33], as well as the abundance and
activity of soil microbiota and crop yields [34,35]. Previous studies have mostly focused on
the sole or combined use of digestate, biochar, or digestate as potential soil amendments
to enhance soil fertility and crop yields. Few reports are available on how the aging of
digestate can improve its beneficial properties as a soil amendment applied alone or in
combination with other organic amendments. Therefore, in the present study, digestate
prepared from biogas waste was aged with biochar and commercially available humic
substances (Humac) and tested as a soil amendment.

The specific objectives of the present study were thus to (i) evaluate how the mixing of
digestate with biochar or humic acids (or a combination of both) may affect the nutrient
dynamics and microbial abundance in the aged digestate amendments, and (ii) evaluate
the effects of applied digestate in combination with biochar and Humac on soil-nutrient
mineralizing enzymes and microbial respirations. We hypothesized that:
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i. Digestate enriched with Humac would improve microbial activities leading to en-
hanced mineralization of nutrients (C, N, P).

ii. Digestate enriched with biochar (or biochar + Humac) would increase total carbon,
C:N ratio, and microbial respiration.

iii. Positive effects of digestate + biochar (eventually + Humac) on catabolism would be
only short-term (until utilization of labile carbon in DG + amendment blend), with
priming negative effects on microbial abundance.

iv. Long-term effects of digestate + biochar (+Humac) on nutrient mineralization would
be negative, due to biochar-mediated immobilization and sequestration of nutrients.

2. Materials and Methods
2.1. Procurement and Preparation of Soil Amendments

Digestate obtained from mesophilic (≈40 ◦C) biogas-plant processing gastro-waste
was mixed with the amendments (as shown in Table 1) in tightly closed sealable bar-
rels with a volume of 50 L, and the mixture was incubated at room temperature for six
weeks. Biochar pyrolyzed at approx. 650 ◦C from agricultural grain waste (Sonnenerde
GmbH, Riedlingsdorf, Austria) and humic-acid-based product Humac AGRO prepared
from leonardite-oxihumolite (Envi Produkt s.r.o., Prague, Czech Republic) were used
as amendments.

Table 1. Experimental variants of digestate.

Variant Abbrev. Digestate per Barrel [L] Biochar per Barrel [kg] Humac per Barrel [kg]

Digestate D 10 - -
Digestate + Humac D + H 10 - 0.1
Digestate + biochar D + B 10 4 -
Digestate + biochar

+ Humac D + B + H 10 4 0.1

The digestates thus prepared had the properties shown in (Table 2). Dry matter
(DM) was measured gravimetrically [36], total nitrogen (Ntot) was determined by Kjeldahl
method [37], available phosphorus (P) was determined according to [38], total sulphur
(S) was determined according to [39], and potassium was determined according to [40];
gene copy numbers were determined as nitrifying = ammonium-oxidizing bacteria (AOB)
according to [41], denitrifying microorganisms (nirS) according to [42], and bacteria in
digestate according to [43].

Table 2. Properties of digestate experimental variants.

Variants DM Ntot P S K amoA nirS 16S rDNA

% % g/kg g/kg g/kg cps/g cps/g cps/g

D 5.96 0.65 0.76 0.85 1.35 3.81 × 105 3.15 × 106 5.66 × 1010

D + H 6.77 0.50 0.95 1.10 1.80 2.56 × 105 1.67 × 106 5.03 × 1010

D + B 15.00 0.68 2.09 2.27 3.63 1.21 × 106 3.05 × 107 4.40 × 1011

D + B + H 29.38 0.76 2.32 5.14 2.00 5.06 × 105 1.70 × 107 2.21 × 1011

Ntot = total mitrogen, P = phosphorous, S = sulphur, K = potassiums; amoA = soil gene copy number, indi-
cator of nitrifying microorganisms; nirS = soil gene copy number, indicator of denitrifying microorganisms;
16S (rDNA) = gene copy number, indicator of bacteria in digestate.

2.2. Experimental Design and Treatments

The prepared variants used a soil amendment in a pot experiment with maize (Zea
mays L.). Pots with a volume of 2 L were filled with 1.7 kg of a soil–sand mixture prepared
from a silty clay loam (USDA Textural Triangle) Haplic Luvisol (WRB soil classification)
sieved through a 2 mm sieve and mixed in a 1:1 ratio with fine quartz sand (0.1–1.0 mm;
≥95% SiO2). Eighty-five mL (equal to 50 m3·ha−1) of each type of digestate was applied to



Agronomy 2022, 12, 1587 4 of 12

the surface and then covered with another 300 g of soil-sand mixture. Each pot was sown
with 6 seeds of maize and placed in a greenhouse. Controlled conditions were set as follows:
12 h photoperiod, light intensity 370 µmol·m−2·s−1, temperature (day/night) 20/12 ◦C,
soil moisture maintained at 65% of water-holding capacity throughout the experiment.
After germination, the seedlings were reduced to two in each pot. Maize was grown for
12 weeks. At the end of experiment, the aboveground biomass (AGB) was harvested at soil
surface level, dried to constant weight at 60 ◦C and weighted on laboratory scales. A soil
sample (100 g) was taken from each pot with a probe from for further analyses. Following
the harvest of the crop after 12 weeks and the taking of samples, the same pots were used
to grow maize for another 12 weeks under the conditions as described above, except that
all variants were fertilized with unamended digestate in dose 70 mL (equal to 40 m3·ha−1).

2.3. Soil Analysis

The soil samples were homogenized by sieving through a 2 mm mesh. Air-dried
samples were used for determination of soil pH in CaCl2 [44], total soil carbon (TC), and
nitrogen (TN) content [45,46]. The samples stored at 4 ◦C were used for determination
of soil basal respiration (BR) and substrate-induced respirations: D-glucose (Glc-SIR), L-
lysine (Lys-SIR), and L-arginine (Arg-SIR) [47]. The freeze-dried samples were prepared
for the enzyme activity assays: β-glucosidase (GLU), phosphatase (Phos), N-acetyl-β-D-
glucosaminidase (NAG), and urease (Ure) [48].

2.4. Statistical Analyses

Data obtained from the performed measurements were statistically analyzed using
the multivariate analysis of variance (MANOVA), principal component analysis (PCA),
one-way analysis of variance (ANOVA), Tukey HSD post-hoc test (at significance level
p = 0.05), and Pearson correlation analysis (Program R, version 3.6.1—R CORE TEAM
2020) [49]. The results of Pearson’s correlation analysis were mentioned when the value of
the correlation coefficient r was: 0.5 < r < 0.7 (moderate correlation) or 0.7 < r < 0.9 (high
correlation) [50]. The Rohlf’s PCA was used to evaluate the mutual dependence among the
properties and their values in individual compared variants of amended soil.

3. Results

As compared to the control digestate, the maize dry aboveground biomass (AGB_dry)
was significantly increased in both variants enriched with Humac (D + H, D + B + H) in
the first part of the experiment (Figure 1A). On the other hand, the second part of the
experiment showed no significant long-term effect of soil amendments (Figure 1A).

In contrast to plant AGB_dry values, the total carbon (TC) and the carbon:nitrogen
ratio (C:N) showed a clear trend during the whole experiment. There were significantly
increased TC and C:N in variants D + B and DG + B + H as compared to the control
and the D + H variant (Figure 1B,C). Further, variant D + B + H had the highest soil TC
at the end of experiment, which documented the long-term synergic effects of digestate,
biochar, and Humac on soil carbon sequestration. The absolute C:N values of both biochar-
enriched variants decreased in the second part of the experiment, whereas the C:N of
variant D + H increased. In line with the increased values of TC and C:N, pH increased
in the D + B and D + B + H variants as compared to the control digestate (Figure 1D).
Moreover, D + H soil also showed significantly increased pH compared to the control in
the second part of experiment. However, it was significantly lower than the highest pH
value of D + B + H variant.

Determination of basal (BR)-, L-lysine (Lys-)-, and L-arginine (Arg-)-induced respira-
tions (SIR) showed a primary positive effect of D + B on the carbon oxidative mineralization,
because all three properties were significantly increased as compared to other enriched
digestate variants in the first part of experiment (Figure 2A,C,D). Aside from Lys-SIR, the
control digestate showed significantly lower respiration values than D + B in the first half
of trial., whereas the end of cultivation revealed an increase in the BR, Lys-SIR, and Arg-SIR
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of variants D + H and D, which were significantly higher (except of Lys-SIR of control
digestate) than the values of variants D + B and D + B + H. These results indicated that
labile carbon of biochar was more easily utilizable in the short term than humic carbon,
while with an extending cultivation time, recalcitrant carbon putatively prevailed in the
SOM of biochar-amended variants, and derived a long-term negative effect on carbon min-
eralization rate. Particularly, D + B + H increased carbon immobilization, which resulted
in significantly decreased BR, Lys-SIR, Arg-SIR (the first part of experiment), and Lys-SIR
(the second part of experiment) in variant D + B + H compared to D + B (Figure 2A,B).
The stimulatory effect of D + H on microbial abundance was significant due to increased
Glc-SIR compared to control digestate in the second part of the experiment; nevertheless,
the highest value of Glc-SIR was displayed by variant D + B + H (Figure 2B).
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β-glucosidase activity (GLU) also reflected the availability of soil organic carbon
(SOC) in the second part of the experiment. Putative biochar recalcitrancy likely led to
the significantly decreased GLU compared to the control (D), whereas Humac-enriched
variants D + H and D + B + H were significantly increased (Figure 3A). In the first part of
this experiment, only variant D + H showed a significant increase in GLU value compared
to the control digestate, as well as it exerted a significant increase in the second, carbon
transformation-related enzyme, N-acetyl-β-D-glucosaminidase (NAG, Figure 3C). We
inferred from these results that activities related to carbon transformation and fungal
biomass degradation were most enhanced by D + H. NAG activity was mitigated most by
D + B in the first part of experiment compared to the control digestate, whereas the end of
experiment revealed significant enhancement of NAG with all enriched digestates. The
highest value was found in the D + B variant (Figure 3C).
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All variants with added enriched digestate showed significantly increased activity
of phosphatase (Phos) in comparison to the control (D), with the highest value observed
in variant D + H. At the end of the experiment, the D + B variant showed the lowest
Phos value, while variant D + B + H reached the highest Phos value (Figure 3B). This
implied a biochar-mediated effect of digestate on the immobilization of nutrients, namely
phosphorus, as well as nitrogen, because variant D + B exerted the lowest activity of urease
(Ure) in the second part of experiment (Figure 3D). On the contrary, digestate amended
with combined Humac + biochar determined significantly increased Ure activity in the
first part of experiment. Thus, the nitrogen available in the biochar of this variant was
presumably accessed by the effect of Humac, but in the long-term, the nitrification effect
was mitigated.

4. Discussion

We hypothesized that the long-term effect of digestate + biochar on nutrient mineral-
ization would be negative, because of the tendency for biochar-mediated immobilization
and sequestration. Both humic acids and biochar represent amendments that are rich
sources of carbon and also act as nutrient storehouses [51–54]. However, biochar contains
both labile (easily available) and recalcitrant carbon, leading to higher heterogeneity of
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organic matter in the digestate. We observed a weaker short-term fertilizing effect of D + B
compared to D + H on the aboveground biomass yield, despite significantly higher carbon
mineralization associated with general SOM degradation, which was expressed as higher
BR and Arg-SIR detected for D + B (as compared to D + H and control D) in the first part of
the experiment. Therefore, biochar addition to digestate led to only insignificant positive
effects on the fertility of amended soil, and did not increase AGB_dry in the D + B variant in
either part of the experiment. Contrary to the biochar, Humac added to digestate in D + H
variant mediated both higher microbial abundance (indicated by Glc-SIR) and increased
enzyme activity (GLU, NAG, Phos) compared to the D + B variant, which could account for
the observed increase in plant AGB_dry value in the first part of experiment. A previous
study carried out with lettuce showed similar significant increases in microbial biomass
content and enzyme activity values (ARS, GLU, Phos) for soil fertilized with digestate +
Humac compared to soil fertilized with digestate + biochar [55]. This positive effect of
Humac in digestate on AGB_dry was also revealed for the D + B + H variant (compared to
the control D) in the 1st part of the trial. This might be due to the enhanced availability
of soil nutrients under this amendment. Other studies found that the beneficial effect of
digestate fertilization on the abundance of microorganisms was accompanied by an increase
and higher levels of humic acids [56]. Other authors reported that the soil application of
humic acids increased the activity of various enzymes compared to unamended soil [30,57].

As expected, higher total carbon content in D + B (compared to D + H) was detected
due the higher application dose of biochar compared to Humac and general fact that
biochar is a more carbon-abundant (approx. 74% of dry matter) source for SOM in compar-
ison to Humac (carbon content 38.4% of d.m.). Throughout the experiment, there was a
significantly higher TC content in the D + B and D + B + H variants compared to the D and
D + H variants. Nevertheless, the variant D + B + H had the highest soil TC at the end of
experiment, probably due to the synergistic effect of biochar and Humac on soil carbon
sequestration. These results were partially in line with the results of our previous study
carried out with biochar and Humac-enriched digestate [54].

Moreover, the high carbon content of D + B and D + B + H variant resulted in the
highest values of C:N ratio as well. These results are in line with the previously reported
findings [55,58] that a higher C:N ratio predicts nitrogen immobilization. This nitrogen
immobilization, accompanied with enhanced carbon mineralization, results in decreased
C:N values [58]. We observed that absolute C:N values decreased over time throughout
the experiment (Figure 1C). In contrast, the D + H variant initially showed a lower but
increasing C:N ratio in the long term (24 weeks). This positive relation of carbon content
and mineralization rate was corroborated by a significant (p ≤ 0.01 and 0.001, respectively)
positive correlation of TC with BR and Arg-SIR (r = 0.43 and 0.53, respectively) in the first
part of the experiment. These results were partially in line with the results of our previous
study carried out with Humac and biochar [59], in which we observed a positive effect of
single-applied biochar on soil respiration, although co-application with Humac produced a
substantial benefit to aboveground biomass yield. Other authors also reported a positive
effect of increased soil humic acid content due to digestate application on the aboveground
biomass yield [60,61].

The high C:N ratio of variant D + B determined the higher fungal biomass and its
presumed long-term increased turnover, which was reflected by the significantly increased
NAG activity at the end of the experiment. C:N and NAG correlated significantly positively
(p ≤ 0.01, r = 0.5), and showed synergy on PCA biplot (Figure S4), NAG correlated with Glc-
SIR (p ≤ 0.001, r = 0.57) as well. However, the high C:N value in D + B variant contributed
only insignificantly to the activity of nutrient-mineralizing enzymes (GLU, Ure) in the first
part of the experiment, with a long-term negative final effect on both enzymes at the end of
experiment (Figure 3A,D). A significant negative correlation and antagonism (PCA biplot)
of C:N and Ure (p ≤ 0.001, r = −0.58) indicated this relation, as shown in Figures S3 and S4.
Additionally, phosphorus solubilization was mainly stimulated in the D + B + H variant,
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as the Phos value increased compared to the control, while final Phos activity decreased
significantly (Figure 3B).

In the second part of experiment, carbon sequestration was presumably coupled
with decreased carbon mineralization, because TC showed antagonism (PCA biplot) and
negatively correlated with BR, Lys-SIR, and Arg-SIR (p ≤ 0.001; r = −0.77, −0.7, −0.82,
respectively)—Figures S3 and S4. This antagonism was proven in the D + B + H vari-
ant, where we observed the highest TC value, while BR, Lys-SIR, and Arg-SIR were the
lowest. This was consistent with the results of a previous study [55], where we found a
significant overlap in TC values for digestate + biochar + Humac compared to digestate +
Humac. Nevertheless, BR-, L-lysine (Lys)-, and L-arginine (Arg)-induced respirations were
significantly more enhanced by the addition of Humac than by the combination of both
amendments (Figure 2A,C,D). While biochar, even combined with humic acids, helped
maintain long-term low levels of nutrient mineralization in the soil [52], the enzymes
involved in carbon catabolism (e.g., invertase, β-glucosidase) were stimulated by the humic
acid access [62,63]. Further, in the second part of the experiment, the negative correlation
between C:N and Ure (Figure S3) was due to the fact that the increased final C:N ratio
in the D + H variant (compared to the value from 1st half of experiment) was caused
by increased enzymatic activity and subsequently accelerated nitrogen mineralization, as
indicated by the highest Lys-SIR and Arg-SIR values (Figure 2C,D). These changes led to
the proportionately higher nitrogen uptake and efflux from soil. In contrast, the long-term
effect of carbon access from biochar stimulated carbon mineralization with the final con-
sequence of a decreased C:N ratio. This can be seen from the synergy (PCA biplot) and
positive correlation (the most apparent in D + H variant) between C:N and BR or Arg-SIR
(p ≤ 0.01 and 0.001, respectively; r values were 0.41 and 0.65, respectively) in the first half
of experiment (Figure S1 and S2), followed by antagonism (PCA biplot) and significant
(p ≤ 0.001) negative correlation between C:N and BR (r = −0.79) or Arg-SIR (r = −0.74) in
the second half of the experiment (Figure S3 and S4).

Finally, the tested amendments and their effects on soil microbial activity, nutrient
transformation, and plant biomass yield also depended on soil pH. C:N showed a strong
synergy (PCA biplot) with soil pH during the whole experiment—Figures S2 and S4. More-
over, C:N ratio, respiration (BR, Arg-SIR), and nitrification (Ure) significantly (p ≤ 0.001)
positively correlated with pH (r = 0.5, 0.53, 0.52, and 0.63, respectively). This was consistent
with the positive relation between pH, CO2 evolution, and N mineralization reported in
previous studies [64–66]. The long-term interaction of carbon-enriched digestate, soil, and
plant led to an even broader effect on pH, whose values increased significantly compared
to the control (D) in all other variants in the second part of the experiment. The significant
correlation of pH with TC (p ≤ 0.01, r = 0.43) suggested a general association of stabilized
carbonaceous organic sorbents (i.e., biochar or humic acids) with alkaline (soil) pH [67,68].
However, the synergy (PCA biplot—Figure S4) and correlation (Figure S3) of pH with
the indicator of aerobic abundance, Glc-SIR (p ≤ 0.001, r = 0.57), as well as with NAG
(p ≤ 0.01, r = 0.44), suggested that the fungal fraction of the microbial soil community
may be involved in the in the long-term interaction with the biochar matrix, as already
reported [69].

5. Conclusions

Based on the results obtained, we verified our hypothesis that Humac-enriched di-
gestate improved short-term nutrient (carbon, phosphorus, nitrogen) transformation in
amended soil as determined by β-glucosidase, phosphatase, and N-acetyl-β-D-glucosaminidase.
Application of Humac-enriched digestate resulted in the least-reduced activity of aerobic
microbes in the soil and led to the highest yield of dry aboveground maize biomass. We
further confirmed the hypothesis that digestate enriched with biochar (or biochar + Humac)
had a beneficial effect on total carbon content, C:N ratio, short-term respiration activity,
and nitrification. However, long-term nitrogen mineralization was most enhanced by the
addition of digestate + Humac, as shown by the amino acid-induced respiration and the val-
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ues of urease activity. The hypothesis of a short-term positive effect of digestate + biochar
(possibly + Humac) on catabolism was confirmed. After the occurrence of a negative
priming effect on microbial abundance, utilization of (mostly) labile carbon increased
and led to an increased biomass of soil aerobes, but also to the negative long-term ef-
fect of digestate + biochar (+Humac) on nutrient mineralization and to biochar-mediated
immobilization and sequestration. The positive effects of applied amendments on soil
physico-chemical and biological properties were anticipated; however, further studies are
required to confirm the necessity of microbial parameters involved in soil health enhancement.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/agronomy12071587/s1. Figure S1: Pearson’s Correlation Analysis
of Variables in the first part of pot experiment. Figure S2: PCA Biplot Analysis of Variables in the first
part of pot experiment. Figure S3: Pearson’s Correlation Analysis of Variables in the second part of
pot experiment. Figure S4: PCA Biplot Analysis of Variables in the first part of pot experiment.
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