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Abstract: The aim of the current study was to create a high quality growing medium blend that
replaces 70 vol% peat with 40 vol% woody green compost and 30 vol% bark compost and organic
fertilizers (i.e., blood meal and chitin), all locally sourced. A range of “woody composts”, i.e., green
composts based on feedstock selection with mainly woody material from tree prunings, were pro-
duced for this purpose at green compost facilities. First, the woody composts were characterized
chemically and biologically, including their microbial biomass and net N release. In comparison with
regular green composts or vegetable, fruit and garden (VFG) waste composts, woody composts are
more suitable for use in growing media due to their lower pH, EC and inorganic C content; however,
the woody compost had a low N mineralization rate. Three types of composts supported a higher
microbial biomass than wood fiber or bark compost. The additional mineral N release after 100 days
for compost mixed with blood meal was tested for different VFG and green composts. A significantly
higher additional net N release was measured for composts with higher initial mineral N concentra-
tions (317 mg Npyin /L) as well as VEG composts (417 mg Ny /L) than for green composts with a
lower initial mineral N concentration (148 mg Nyin /L). In a last step, woody compost, bark compost,
wood fiber, coir and peat were mixed in different ratios, resulting in six blends ranging from 100%
peat-free to 100% peat. Two batches of woody compost were compared, and the blends were mixed
with blood meal or chitin. A strong effect of both the organic fertilizer and the blend composition on
the mineral N release was observed, with a clear link between the microbial biomass and the net N
release. There was a significant negative correlation between the net change in microbial biomass
and the net N release (R = —0.85), which implies that a larger increase in microbial biomass during
incubation with the organic fertilizer resulted in less N mineralization. The blends containing woody
compost scored better for nitrification activity, as the NH4-N concentrations were lower in these than
for the blends without woody compost. For the peat blends, no effect on the microbial biomass was
observed after addition of organic fertilizers; mineral N did increase, however. Woody composts
have the potential to be used in high vol% in growing media blends, but the blends still need further
optimization when supplemented with organic fertilizers.

Keywords: wood fiber; peat replacement; nitrogen mineralization; microbial biomass; peat-free;
nitrification; bark; chitin; blood meal

1. Introduction
1.1. New Materials in Growing Media Blends

Local materials such as bark, coir products, wood fiber, composts derived from various
agricultural residues and vermicompost, used either alone or in combination, have shown
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potential to replace peat as a bulk material [1,2]. Despite the proven benefits of peat as an
ingredient for growing media, the environmental impact of peat extraction is important
enough to warrant a search for alternatives [2]. Although coir products can be a good
technical replacement for peat, its use has also led to serious sustainability concerns [2].
The increasing use of coir products worldwide is also creating uncertainty about whether
a sufficient amount of high-quality coir products will remain available for the European
market. The alternatives, namely bark and wood fiber, share many of the characteristics
of coir and peat, apart from their lower water holding capacity and thus their larger air
capacity [3]. When choosing composts, compost-specific characteristics strongly influence
their potential as fertilizer [3] or liming agents [4]; their usefulness in growing media as a
bulk replacer of peat and/or coir [4]; their capacity for disease suppression [5]; whether
they can act as a carrier for biocontrol organisms [6]; and their net N release [7]. Biochar is
a relatively new alternative bulk replacement for coir and peat in growing media [3,8,9].
Production methods for wood and other plant fibers based on fiberization can be optimized
according to the physical properties of the fibers for the bulk replacement of peat and coir
in growing media [10]. These fibers can also affect the microbiological activity and nutrient
availability in growing media [11]. By composting chopped fen plant biomass, Hartung
and Meinken [12] reported a reduction in the risk of N immobilization, but also a significant
mass reduction. When designing blends containing alternatives for peat and coir, a balance
must be struck between the advantages and disadvantages of the alternative materials,
with attention given to the effect of compost production methods.

1.2. The Microbiome of Growing Media

Besides their different physico-chemical characteristics and nutrient contents, the
alternatives for peat and coir may also have specific microbial characteristics in terms of of
microbial biomass, microbial activity, microbial diversity and microbial functionality. The
microbial communities and related characteristics in growing media depend strongly on the
type and composition of the materials in the horticultural substrate [13-15]. New materials
in growing media (compost, wood or plant fibers) may support a higher microbial biomass,
but they also have a higher microbial activity than peat, which leads to reduced stabil-
ity [1,4]. The use of peat alternatives may require sanitary pre-treatments such as steaming,
acidification or the thermal phase during composting to ensure sufficient control of weeds,
pathogens and diseases [11,16]. The microbiological activity of substrates is important
for stability [4] as well as for the contribution of nitrifying bacteria to nitrification [17]
and the control of plant pathogens in the root environment [13]. The positive effects of
alternative materials are related to their higher microbial biomass and activity, including
the intended acidification of materials or blends with elemental S [4,18], the stimulation
of nitrification and the related decrease in pH [19] and disease suppression [5]. However,
the effect of this microbial activity in alternatives for peat and coir is not straightforward,
as unwanted effects may occur due to lower stability or N drawdown. Points of attention
include uncontrolled bioactivity in the root zone and the maintenance of initial substrate
properties throughout the cultivation cycle [3]. The total microbial biomass (based on
phospholipid fatty acids (PLFA) quantification), oxygen uptake rate (OUR) and C miner-
alization for a range of composts and a range of plant residues from nature conservation
management was significantly larger (a difference of up to a factor of five) in comparison
to several batches of peat [4]. Feedstock was more important for determining the compost
microbiome than the additional treatment of composts via maturation, S addition, sieving
or the blending of the compost with another material [15]. Nevertheless, to a certain degree,
blending may be effective in modifying the microbiome [15]. Strong trade-offs may occur
between the productivity and disease pressure in a soilless cropping system, as this system
is also governed by the microbial composition of the growing media [16]. In conclusion,
knowledge of microbial biomass and microbial activity in new growing media blends
may help to optimize the composition of the blend, i.e., the choice of materials and their
relative proportions.
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1.3. Interaction between Growing Media and Organic Fertilizers

The composition of growing media determines the total nutrient content as well as
nutrient availability [3]. Composts, vermicomposts and biochars can act as a source of
nutrients, but optimal and balanced plant nutrition in growing media requires the addition
of extra fertilizer. Organic or mineral fertilizers are either added to the blend or nutrients
are provided via fertigation during cultivation. Especially for N, there can be a strong inter-
action between the N source and the growing media blend during storage [1] and use [20],
as growing media constituents determine the microbial N conversions in organic growing
media for horticulture [17,21]. Organic fertilizers have the most complex interaction in
terms of predictability and optimization [21]. Organic media carry a saprophytic microbial
community that can affect the nutrient status of plants during the growing cycle [20]. To en-
sure a balanced N turnover from the growing media and the organic fertilizers, care should
be taken when selecting and mixing organic media constituents [20]. The mineralization
of organic fertilizers during the storage of growing media may lead to changes in pH and
mineral N concentrations, with subsequent adverse effects on plant growth [1]. Different
types of organic fertilizers are characterized by variable N release rates and elemental
compositions, from organic fertilizers with very high N mineralization to organic fertilizers
with a risk of induced N immobilization [22]. Chitin is an example of an organic fertilizer
characterized by high N mineralization with different functions; besides a substantial N
release of over 50% of the total N after 100 days, chitin may also have important effects on
the microbiome of growing media [23,24]. That microbiome is important in terms of both
the rhizosphere and the bulk material, and can result in improved disease suppression [23];
however, it also affects the nitrification process [17,23,25]. The presence of reactive func-
tional groups (including amino groups), as well as the polysaccharide nature of chitin
and chitosan, allow them to undergo many chemical modifications [26]. Chitosan is a
natural amino-polysaccharide derived from chitin, with a good chelating ligand capable
of binding to a variety of metal ions [26]. The application of chitin, however, may result
in P and K imbalances when used in growing media [23,24]. Within the range of organic
fertilizers, plant-based composts are characterized by a slower N release than other fertil-
izers [22,27]. Process conditions during the compost production and the duration of the
process also affect the properties of the compost during its application. Specifically, the
N dynamics, i.e., the dynamics of mineralization, nitrification, denitrification, ammonia
volatilization and N cycling through the microbial biomass, can be affected; composts from
processes with sub-optimal conditions, i.e., with moisture or C/N ratio constraints, can
have a higher decomposition activity and thus lower stability, but they may not result in
net N mineralization [7,28]. Nitrification determines the NH4-N/NO3-N ratio of compost
and compost-based growing media, and is performed in two steps, carried out by two
different groups of microorganisms: ammonia-oxidizing bacteria or archaea (step 1) and
the nitrite-oxidizing bacteria (step 2) [29]. Hartz and Giannini [28] observed a trend of
decreasing short-term net N immobilization with increased compost age, while the net
N mineralization in compost-amended soil averaged only 2% to 3% of compost total N
content. The differences between plant-based composts with regard to feedstock and pro-
duction methods for N dynamics need to be taken into account when these composts are
applied in growing media blends.

14. Aim

Our approach differentiates between compost types in terms of their role in growing
media, i.e., composts for bulk use vs. composts used as organic fertilizers. The overall
aim of this paper was to test the performance of woody composts, i.e., composts selected
for bulk use in growing media blends amended with organic fertilizers, and to assess the
interaction between blend composition, organic fertilizers and microbial activity as it affects
N mineralization. The experimental woody composts are dedicated green composts based
on specific feedstock selection with mainly woody material from tree prunings. The effect
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of compost type and characteristics on net N mineralization (step 1) and N availability after
addition of blood meal, as an example of an organic fertilizer, (step 2) was tested.

The target was to provide a high quality growing medium blend with a total of 70%
locally sourced compost (40 vol% woody compost and 30 vol% bark compost), amended
with two organic fertilizers (chitin or blood meal). Blends with 40 vol% woody composts
with the best fit for use in growing media were made (step 3) and compared with a peat-
based blend and a peat-reduced blend without woody compost. This allowed us to test
how the composition of the blend can be optimized with organic fertilizers and how this
effects N release and microbial biomass in the growing medium.

2. Materials and Methods
2.1. Characterization of Materials and Blends

PLFAs were isolated from 0.75 g freeze-dried material using phosphate buffer, chloro-
form and methanol at a 0.9:1:2 ratio. Phospholipids separated by solid phase extraction
were saponified and then methylated using 0.2 M methanolic KOH to form fatty acid
methyl esters (FAME), which were analyzed using a capillary gas chromatograph-flam
ionization detector (Perkin Elmer Clarus 600, Perkin Elmer, Waltham, MA, USA) with a
Supelco SP-2560 column. PLFAs were identified by retention time using an external FAME
(RESTEK Corporation, Bellefonte, PA, USA) and bacterial acid methyl ester (BAME) mix
(Sigma Aldrich, St Louis, MO, USA) and quantified with a C19:0 internal standard. Total
microbial biomass was calculated as the sum of 18 PLFAs (i-C15:0, a-C15:0, i-C16:0, i-C17:0,
C16:1c9, C17:0cy, C19:0cy, C14:0, C15:0, C16:0, C17:0, C18:0, 10Me-C16:0, 10Me-C18:0,
C18:2¢9,12, C16:1c11 and C18:1c9). To cope with the range of OM contents and bulk density
of the different materials, total microbial biomass was expressed per g OM.

Three indicators were used in this study for assessing the microbial activity of materi-
als: mineral N (i.e., NH4-N + NOj3-N) release, risk of N immobilization (Njymep) and OUR.
The materials were tested for immobilization of mineral N [11] by adding 350 mg N/L
material followed by incubation at 37 °C for 7 days. Based on the difference between the
theoretical (initial water-extractable mineral N concentration (EN 13652) + added amount of
350 mg N/L material) and actual water-extractable mineral N content after this incubation
period, the % N immobilization was calculated (100% N immobilization = 350 mg mineral
N/L material is immobilized).

The net N mineralization of a material or blend, both a pure blend or one amended
with organic fertilizer, was assessed based on a 50 or 100 day-incubation trial (described
in detail in the relevant sections below). Briefly, 200 mL material was placed in a PVC
tube (h = 12 cm, r = 2.3 cm) based on the bulk density of the material, covered with a
single layer of gas permeable Parafilm® and incubated at 15 °C and 70% relative humidity.
Mineral N (Npin) was extracted after 50 or 100 days of incubation in a 1:5 extraction (v/v),
as described below. The net N mineralization was calculated as the difference in N, after
100 days versus the initial Npyi, concentration. OUR (expressed as mmol O, /kg OM /hr)
was measured as the microbial activity in a closed Oxitop respirometer at 20 °C based on
the method reported by Grigatti et al. [30].

The methods for chemical characterization are based on European Standards devel-
oped by the CEN, the European Committee for Standardization. European Standard EN
numbers refer to the specific standards. EC, pHgp0) and Cl, SOy, P and mineral N of
growing media were measured in a 1:5 v/v water extract according to EN 13038, EN 13037
and EN 13652, respectively. Extracts were analyzed for Cl, SOy4, P and NO3-N with a Dionex
ICS-3000 ion chromatograph (Dionex, Sunnyvale, CA, USA), and NH4-N was measured
with a Skalar San ++ continuous flow analyzer (Skalar, Breda, The Netherlands). K and
P were extracted (1:5 v/v) in 0.5 M ammonium acetate (AmAc) buffered at pH 4.65 (with
a 96% acetic acid) to assess the K and P concentrations being potentially plant-available
in the growing medium in the longer term. The K and P concentration in the extract was
measured with a 5110 VDV Agilent ICP-OES (Agilent, Santa Clara, CA, USA).



Agronomy 2022, 12, 422

50f18

Sample preparation for determination of total nutrient content, dry matter content,
moisture content and laboratory compacted bulk density was executed according to EN
13040. The dry bulk density was calculated based on the moisture content of the material.
The total porosity, air filled porosity and water filled porosity at —10 cm, —50 cm and
—100 cm (as an indicator of water holding capacity) was determined according to EN
13041. Samples were dried for 4 days at 70 °C then mechanically ground in a cross beater
mill equipped with heavy-metal-free grinding tools (SK100, Retsch, Haan, Germany).
Ground samples were stored in closed PP containers before analysis. Determination
of OM content was done according EN 13039 by ashing in a Heraeus muffle oven at
550 °C. Total N concentration (determined according to the Dumas method, EN 13654-2),
total C and inorganic C (IC) were measured using a Skalar Primacs SNC 100 analyzer
(Skalar, The Netherlands). Based on total C and total N, the C/N ratio of the materials
was calculated.

2.2. Microbial Biomass and Activity and Net N Release of Composts versus Wood Fiber and Bark

Different types of composts were compared, with each type of compost being based
on a specific feedstock and composting process. VEG composts are produced in indoor
licensed confined facilities with more intensive process monitoring (turning and/or forced
aeration) than for open air facilities, and in some cases in combination with anaerobic
pre-digestion. The input materials are separately collected organic household waste, i.e.,
garden waste and kitchen waste. Green composts are produced in licensed open air
facilities based on separately collected green waste and with regular turning or forced
aeration based on process monitoring. For woody composts, a specific feedstock of tree
prunings is composted in open air compost facilities, with the process requiring more
water, lower process temperatures and a longer process duration in comparison to green
waste composting. In terms of the composting process, the ‘woody composts’ can thus
be considered a subgroup of the green composts. Bark compost is mostly produced in a
static pile set-up in open air where tree bark is mixed with mineral or organic N sources,
and the mixture is moistened during processing when needed. For compost based on
spent growing media, a specific feedstock of spent growing media is co-composted in
open air compost facilities, in a very similar fashion to green waste composting. Five
batches of woody compost were compared with three batches of VFG compost, six batches
of green compost, five batches of wood fiber and five batches of bark compost based on
one-way ANOVA and the Scheffé multiple comparison post-hoc test (Statistica 13.5, Statsoft
Inc., Hamburg, Germany). Homogeneity of variances was checked using box plots and
data normality was checked using QQplots. To obtain data normality and homogeneity
of variances, square root-transformation (P-AmAc, K-AmAc, OUR, dry bulk density) or
log10 transformation (EC, total microbial biomass, C/N, Np,in) were used.

For 15 composts, the net N mineralization was assessed based on a 100 day-incubation
trial, as described above. Each compost was thoroughly mixed and incubated with three
replicates per compost. If needed, composts were moistened at the start of the incubation
to reach a moisture content of 21 vol% (or on average 26% water-filled pore space). Pearson
correlation coefficients were calculated among compost characteristics.

A simple scoring system based on chemical or stability characteristics was applied to
assess the suitability of these materials to replace peat, lime (i.e., inorganic C) and fertilizers
in growing media blends [4]. Materials were scored based on eight characteristics (pH, EC,
OM, OUR, dry bulk density, inorganic C content and Njymopb) to assess their fit with the
expected characteristics for use in growing media. Each characteristic was assigned a score
of 2 (most suitable), 1 or 0 (least suitable). Summing these scores results in a maximum
score of 16, the greatest suitability of a material for use in growing media blends. Three
scores were based on the upper limits for organic matter and electrical conductivity or the
pH range set for growing media by the Belgian government. For stability, the legal criterion
for OUR in compost was used. The inorganic C content, the dry bulk density and the risk
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for N immobilization were included as well. The last score was related to the fertilizer
replacement value of the material and was based on Ammonium Acetate-extractable P.

2.3. Net N Release from Composts Blended with Blood Meal

In this step, the effect of compost type and initial mineral N concentration were
evaluated according to net N release of pure composts and composts amended with blood
meal. The N release for a set of 36 composts (10 VFG composts and 26 green composts)
after 100 days was assessed as described above, with the exception that each mixture was
tested with one replicate only (one replicate for each pure compost and one replicate for
each compost mixed with 3.5 g blood meal/L compost) (13-0-0, Orgamé, Belgium). When
needed, composts were moistened at the start of the incubation to reach a moisture content
of 22.5 vol% (or on average 30% water-filled pore space). Each compost was initially
analyzed for OUR, PLFA and mineral N content. The green composts were divided in two
subgroups based on initial mineral N concentration: low (<10 mg N/L compost) or high
(>10 mg N/L compost). The total microbial biomass and net N release for three groups of
compost (10 VFG composts, 12 green composts with high initial mineral N concentrations
and 14 green composts with an initially low mineral N concentration) were compared with
one-way ANOVA and the Scheffé multiple comparison post-hoc test.

2.4. Effect of Blend and Organic Fertilizer on N Release

The added value of woody compost in blends with 70 vol% peat replacement was
assessed. For two woody composts, a growing medium blend with 40 vol% woody compost,
30 vol% bark compost from Scotch pine (Pinus sylvestris) and 30 vol% peat (a mixture of
white and black peat) was made (mixtures M1 and M2). These blends were compared
with (a) peat-free blends with the same composition except that the peat was replaced with
30 vol% wood fiber (Mixture M3 and M4), (b) the 40 vol% woody compost was replaced by
20 vol% wood fiber and 20 vol% coir fiber (Mixture M5) and (c) a peat blend of 50 vol%
white peat and 50 vol% black peat (Mixture MO). To reach an optimal pH, 1.4 g/L lime was
added to the peat blend. For the peat-free blends, the addition of elemental S was needed
to lower the pH.

For these six blends, the N mineralization rate after 50 and 100 days was assessed
after the addition of 3.5 g blood meal or 2 g chitin per L as a N source. Commercially
available chitin (from crab shells) from Biolog Heppe®, (Landsberg, Germany) was used,
based on previous publications (e.g., [23]). Blends were moistened to reach a moisture
content of 30 vol% (or on average 30% water-filled pore space) and then pre-incubated for
2 weeks at 15 °C. The total mineral N concentration (=NO3-N + NHy4-N) for these treatments
after 50 and 100 days was assessed as described above, and each mixture was tested in
three replicates. PLFA was measured for the initial blends without organic fertilizers after
pre-incubation and for the blends with organic fertilizers after 100 days of incubation.

Mineral N concentrations were first compared for the six blends and the two organic
fertilizers after incubation for 50 and 100 days with ANOVA. Due to the interaction between
organic fertilizer type and time point, the total mineral N concentration (=NO3-N + NH4-N)
after incubation for 50 or 100 days was compared between the blends per organic fertilizer
type and per time point with one-way ANOVA and Tukey HSD multiple comparison
post-hoc test.

For each combination of the six blends and the three levels of fertilizer addition
(i.e., two organic fertilizers versus the unfertilized blends), four pots were filled with
200 mL of the blend and three cucumber seeds (Marketmore Bio, AVEVE, Belgium) were
sown per pot at a depth of 0.5 cm on 31 May 2021 and grown at room temperature using a
natural light regime. The blends were stored for at least 100 days at 15°C after addition of
chitin or blood meal previous to the seed test. Water was supplied in a dish underneath
the pots. The trial with 72 pots ended on 25 June 2021. The number of emerged seeds was
counted twice a week. The % emergence was compared using two-way ANOVA for blend
composition and for fertilizer type (unfertilized, blood meal or chitin).
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3. Results
3.1. Step 1: Microbial Biomass and Activity and Net N Release of Composts versus Wood Fiber
and Bark

The VFG, green and woody composts were characterized by lower OM content and
higher pH, EC, IC, plant-available P and K, and microbial biomass than the wood fiber
or bark composts (Table 1). No significant differences were observed for Njnmep, and
OUR values were only significantly higher for the woody composts than for the wood
fibers. The Npin concentrations in the wood fibers were below 10 mg N/L. The Npin
concentration in the bark composts (1020 mg N/L) and woody composts (10-80 mg N /L)
were significantly lower (p = 0.0004) than for the VFG composts (250-1070 mg N/L),
with intermediate values for the green composts (10230 mg N/L). There was a clear
differentiation in the range of the suitability scores for use in growing media between
VEG compost (5-9), green compost (5-10), bark compost (11-14), wood fiber (9-13) and
woody compost (9-10). In summary, there were no significant differences in characteristics
between the woody composts, VFG composts or green composts except for the lower Npin
concentrations in the woody composts versus the VFG composts, while the scores for use in
growing media for the woody composts were in the higher range compared with the other
two types of compost. Within one type of compost, there was a high variability between
compost batches for some characteristics.

The net N release after 100 days was measured for 15 composts including 3 VFG
composts, 6 green composts and 5 woody composts (Table 2). Composts with a score
above 10 were characterized by low net N release rates, with net N mineralization after
100 days being lower than 50 mg N/L compost, while composts with a score below 10 had
a higher range of N release (Table 2). The score can be used to assess the volume rates for
incorporating a material into the blend, with higher scores indicating higher volume rates.
A significant negative correlation was observed between the score and the % inorganic
C (r = —0.755), EC (r = —0.594) and plant-available P (r = —0.687) and K (r = —0.758).
This correlation indicates that nutrient-rich composts with a higher N release capacity
can theoretically be used in growing media, but the high IC, pH and EC restrict the use
of these composts in higher volume rates. In contrast, composts with lower values for
pH, EC and IC have more potential to be used as bulk material in growing media. There
was no significant correlation between the net N release rate and the OUR (r = 0.02) or
the total microbial biomass (r = 0.02). There was also no significant correlation between
total microbial biomass and OUR (r = 0.23) or N;ymeb (r = —0.25). Total microbial biomass
was thus not correlated with the measurements of microbial activity (OUR, Niymeb, net N
mineralization) in the composts.

No significant correlation was observed between C/N and OUR, so C/N was not
found to be a stability indicator as previously suggested [1]. For the link between C/N and
net N release, two groups were observed: the five composts with a net N release higher
than 50 mg N/L had a C/N ratio below 11, while the composts with a net N release of
50 mg N/L or lower had a C/N ratio between 11 and 29. The net N release (after square
root transformation) after 100 days was compared with one-way ANOVA for the VFG
composts, green composts and woody composts; no statistical differences were observed
(p =0.236).
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Table 1. Chemical and microbial characteristics of VFG, green, wood and bark composts versus wood fibers (VFG: vegetable, fruit and garden waste compost, IC: inorganic C,
EC: electrical conductivity, Niyin: mineral N concentration (=NO3-N + NH4-N), Nijymop: % N immobilization, P-AmAc and K-AmAc: plant-available P and K resp., OM: organic
matter, OUR: oxygen uptake rate, total biomass: total microbial biomass based on PLFA). Different letters indicate the significant differences as found by the Scheffé post-hoc test.

Category n IC pH-H,O EC Nmin Nimmob P-AmAc K-AmAc OM Dry Bulk Density OUR C/N Total Biomass
me N/L mmol
% /DM - uS/cm Cogm post % mg/L Compost % /DM g DM/L Compost 0, /kg - nmol/g OM
OM/hr
VFG compost 3 04 (c) 8.4 (bc) 2240 (b) 560 (b) ~19 621 (b) 3287 (b) 39 (a) 287 () 5.0 (ab) 9 (a) 1461 (c)
Green compost 6 0.31 (bc) 8.4 (c) 1185 (b) 128 (ab) —4 367 (b) 3304 (b) 38 (a) 285 (c) 42 (ab) 12 (a) 992 (c)
Woody compost 5 0.24 (abc) 8.4 (c) 708 (b) 37 (a) 9 234 (b) 1847 (b) 42 (a) 261 (c) 4.9 (b) 19 (a) 898 (bc)
Bark compost 5 0.08 (a) 6.4 (a) 150 (a) 13 (a) 20 37 (a) 457 (a) 86 (b) 143 (b) 4.1 (ab) 75 (b) 341 (b)
Wood fiber 4 0.13 (ab) 7.0 (ab) 39 (a) 10 (a) —4 9 (a) 35 (a) 99 (b) 50 (a) 1.1 (a) 436 (c) 77 (a)
Table 2. Net N release (after 100 days of incubation at 15 °C and 70% rel. humidity), suitability score for use in growing media and chemical and biological characteristics
for 15 composts, including 5 woody composts, and the bark compost and wood fiber used in the growing media blends (SGM: spent growing media, VFG: vegetable,
fruit and garden waste compost, IC: inorganic C, EC: electrical conductivity, Nyin: mineral N concentration (=NO3-N + NH;-N), Njymob: % N immobilization, P-AmAc
and K-AmAc: plant-available P and K resp., OM: organic matter, OUR: oxygen uptake rate, total biomass: total microbial biomass based on PLFA, NA: not assessed).
Net N . : _ _ Dry Bulk Total
Category Score Release Nmin IC pH-H,O EC Nimmob P-AmAc K-AmAc OM Density OUR C/N Biomass
mmol 1/
mg N/L Compost %/DM - uS/cm % mg/L Compost %/DM g DM/L O, /kg - mg?v[ g
OM/hr
Composts
VFG compost 1 5 229 1069 0.50 8.5 3030 36 708 3031 38 341 7.2 9.7 1527
VFG compost 2 6 124 364 0.35 8.5 2200 —58 600 4017 33 297 2.4 8.6 1013
VFG compost 3 9 59 247 0.34 8.3 1490 —34 554 2812 45 223 54 9.8 1843
Green compost 1 5 209 233 0.50 8.9 1558 44 538 5048 41 334 4.8 11 411
Green compost 2 7 12 204 0.44 7.9 1273 -3 355 3618 31 381 3.1 11 616
Green compost 3 8 <5 <5 0.16 7.5 361 21 49 901 37 266 2.8 17 1525
Green compost 4 8 380 231 0.31 8.3 1721 —28 339 4141 39 237 3.0 10 986
Green compost 5 9 37 85 0.29 8.1 894 —38 586 2658 50 190 22 12 1194
Green compost 6 10 -19 <5 <0.1 8.7 810 -5 127 1861 40 236 59 15 1216
Woody compost 1 9 <5 <5 <0.1 7.6 343 13 69 1138 46 261 6.8 29 214
Woody compost 2 9 —20 31 0.24 8.4 697 12 268 2147 41 291 19 18 890
Woody compost 3 9 25 40 0.37 8.8 1051 8 318 1697 47 208 6.4 16 1123
Woody compost 4 10 17 20 0.35 8.6 939 13 259 2817 42 213 7.1 16 1248
Woody compost 5 10 50 83 0.16 8.6 511 0 259 1439 33 332 2.3 17 1015
Compost from SGM 13 40 401 <0.1 6.9 1253 10 34 84 82 101 1.2 24 295
Other materials used in the growing media blends
Bark compost 14 3 23 <0.1 6.3 94 —27 19 373 87 145 2.5 56 238
Wood fiber 9 NA <5 <0.1 7.5 33 -7 <4 <23 99 36 0.8 624 71
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3.2. Step 2: Net N Release from Composts Blended with Blood Meal

The VFG composts initially had higher Ny, concentrations than the green composts,
and the range of NH4-N was also higher for the VFG composts, although some VFG
composts did not contain detectable amounts of NHy4-N. A significant difference (p = 0.035)
was found for the total microbial biomass as expressed on an OM basis, with a significantly
lower biomass observed only for the green composts with initial low N, concentrations
(682 nmol/g OM) in comparison to the VFG composts (1210 nmol/g OM) and with an
intermediate value for the group of green composts with initial high Ny, concentrations
(817 nmol/g OM) (Figure 1a).
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Figure 1. Total microbial biomass expressed on an OM basis (a), net mineral N release after 100 days

0

of incubation for the composts without organic fertilizer (b) and the net mineral N release after
100 days for the composts with blood meal (c) for vegetable, fruit and garden waste (VFG) compost
(light grey), green composts with higher initial mineral N concentrations (“Green compost, Npin
high”, dark grey box) and green composts with a lower initial mineral N concentration (“Green
compost, Npin low”, white box).
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No differences were observed in terms of the net mineral N release during 100 days for
the pure composts (p = 0.03, but no significant differences between the three groups were
detected by Scheffé’s multiple comparison). The net mineral N release of the composts
without organic fertilizers had a higher range for the VFG composts than for the green
composts (Figure 1b). Two groups can be observed for the net mineral N release in the
VFG composts: a group with a positive net N release versus a group with a negative net N
release (the mineral N initially present is immobilized during incubation). There is no direct
link between this observation and the microbial biomass or other properties, however. The
green composts are only characterized by net N release (Figure 1b).

For almost all composts, the addition of blood meal resulted in the additional net
release of mineral N, with the amount of N released being dependent on the compost
type and initial Np,;, concentration (Figure 1c. A clear and significantly higher net N
release was observed for composts with higher initial Ny,i, concentrations (net release of
317 mg Npin /L) as well as the VFG composts (net release of 417 mg Ny,in /L) in compar-
ison to the green composts, which had a lower initial Np,;, concentration (net release of
148 mg Npin /L) (p < 0.001).

In conclusion, green composts with lower initial Np,j, concentrations have a lower
additional N release after blending with an organic fertilizer with a fast N release (blood
meal). The woody composts are considered here as a subcategory of green composts.

3.3. Step 3: Effect of Blend and Organic Fertilizer on N Release
3.3.1. Characteristics of the Materials and the Blends

The different woody composts in this study had a similar score for use in growing
media (between 9 and 10). Two woody composts were selected for use in growing media
blends, and were combined with black and white peat, wood fiber, bark compost and/or
coir, all in different ratios (Table 3). Woody compost 1 had a high C/N ratio of 29, low total
microbial biomass (214 nmol/g OM) and a higher OUR of 7 mmol O, /kg OM/hr than
woody compost 2, while woody compost 2 had a lower C/N ratio of 18, a higher microbial
biomass (890 nmol/g OM) and a lower OUR of 2 mmol O,/kg OM/hr (Table 2). The
characteristics of the woody composts, bark compost and wood fiber used in the blends are
given in Table 2. The bark and woody composts and the wood fiber were characterized
by 1ow Nimmob (<15%) but also by a low net N release (<20 mg N/L after 100 days). In
agreement with the observations in Table 1, the wood fiber had a lower microbial biomass
(Table 2).

The blend composition, chemical characteristics and the total N, concentration
before and after incubation are reported in Table 3. Blends M2 and M4 had higher plant-
available nutrient concentrations than the other blends, reflecting the higher plant-available
nutrient concentrations in woody compost 2 compared to woody compost 1, wood fiber
or bark composts (Table 4). The peat-free blends (M3, M4) were characterized by a higher
air volume at —10 cm and a lower volume of easily available water than the peat-reduced
blends (M1, M2) (Table 4). Based on the pH and the other chemical characteristics of the
blends, there was only a need to acidify the 2 peat-free blends (M3, M4) with elemental S.
A dose of 0.5 and 1.0 g S/L for M3 and M4, respectively, was sufficient to reach a pH in the
optimal range of 4.5-7.0. For M3, this resulted in a pH of 6.9 and an EC of 454 uS/cm, and
for M4, it resulted in a pH of 5.4 and an EC of 1157 uS/cm.
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Table 3. Composition and chemical characteristics of the blends, total mineral N concentration
(=NOs3-N + NH4-N, mg N/L substrate) after 50, 100 and 250 days of incubation at 15 °C and 70%
rel. humidity) and total microbial biomass for the initial unfertilized blends versus the blends with
blood meal or chitin after 100 days of incubation. Differences between the blends after incubation
were assessed per organic fertilizer type and for 50 and 100 days of incubation separately due to
interaction. Different letters indicate the significant differences as found by Tukey’s HSD post-hoc
test (M: mixture). Letters in italics were statistics performed per fertilizer and per time point.

M1 M2 M3 M4 M5 MO
Composition
Woody compost 1 (vol%) 40 40
Woody compost 2 (vol%) 40 40
Black peat (vol%) 15 15 15 50
White peat (vol%) 15 15 15 50
Bark compost (vol%) 30 30 30 30 30
Wood Fiber (vol%) 30 30 20
Coir fiber (vol%) 20
Lime (g/L) 0 0 0 0 0 1.4
Elemental S (g/L) 0 0 0.5 1.0 0 0
Initial mineral N
Without fertilizer 11 59 10 18 25 <5
Total mineral N after 50 day incubation at 15 °C (n = 3)
Blood meal (3.5 g/L) 11 (a) 40 (b) 10 (a) 11 (a) 15 (a) 30 (b)
Chitin (2 g/L) 29 (B) 92 (D) 9 (A) 64 (C) 21 (B) 26 (B)
Total mineral N after 100 day incubation at 15 °C (n = 3)
Blood meal (3.5 g/L) 9 (a) 57 (¢c) 9 (a) 10 (a) 32 (b) 95 (d)
Chitin (2 g/L) 27 (B) 119 (D) 8 (A) 96 (C) 26 (B) 43 (B)
Total mineral N after 250 day incubation at 15 °C (n = 1)
Chitin (2 g/L) 42 170 7 142 41 106
Microbial biomass (nmol/g OM) (n = 1)
Without fertilizer 265 346 457 574 228 150
Blood meal (3.5 g/L) 452 457 639 907 357 149
Chitin (2 g/L) 374 305 699 439 363 140
Table 4. Chemical and physical characteristics of the blends without organic fertilizers (DM: dry
matter, EC: electrical conductivity, mineral N concentration = NO3-N + NHy-N), P-AmAc and
K-AmAc: plant-available P and K resp., N.A.: not assessed).
M1 M2 M3 M4 M5
pH-H,O - 6.7 6.5 7.4 7.3 5.5
EC uS/cm 174 380 225 403 95
Mineral N mg/L substrate <10 25 <10 <10 20
P-AmAc 35 126 47 156 <14
K-AmAc 578 1064 701 1256 158
Dry bulk density g/L dry substrate 227 237 203 226 NA
Total pore volume volume% 88 87 89 88 NA
Air volume —10 cm 16 17 39 34 NA
Air volume —50 cm 44 47 57 55 NA
Air volume —100 cm 50 52 61 59 NA
Water volume —10 cm 71 70 50 54 NA
Water volume —50 cm 43 41 32 33 NA
Water volume —100 cm 38 35 28 30 NA
Easily available water 28 29 19 21 NA
Organic matter % /DM 61 60 63 57 90

3.3.2. Total Mineral N Concentrations and Microbial Biomass

The total N, concentration after incubation (sum of the initial mineral N and the
net N release during incubation) represents the amount of mineral N which is available
for plants after 50 or 100 days in the growing medium blend. The observed statistical
interaction between organic fertilizer type and time point indicates that the total mineral N
in the blends was determined by both the organic fertilizer type and the duration of the
incubation in a blend-specific manner. Due to this interaction, the results were compared
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per organic fertilizer type and duration of the incubation separately. A N release of approx.
40 and 100 mg N/L substrate was measured in the peat blend 100 days after chitin or blood
meal amendment, respectively. For the other blends, chitin resulted in a higher N release
than blood meal for M2 and M4, and to a lesser extent, for M1. For blend M3, no net N
release was observed for both tested fertilizers. For M5, the peat-reduced blend without
woody compost, none of the organic fertilizers resulted in an increase in the mineral N
concentration. As such, the low N release in the peat-reduced blends was not exclusively
limited to the blends with woody compost. For the blends with net N release after the use
of the organic fertilizer, the N release was lower after 50 days than after 100 days.

Although some blends initially already contained some mineral N (i.e., the M2, M4
and M5 blends), the measured amount of mineral N after 100 days was lower than for the
peat blend, indicating that the mineral N released by the blood meal was either immobilized
again or that the N mineralization was lower for these blends. This was the case for M1,
M3 and M5, i.e., the peat-reduced blends with woody compost 1 or without compost.

Both chitin and blood meal resulted in an increase in the microbial biomass of all the
blends except for the peat blend. The microbial biomass in 100% peat was not affected by
the addition of fertilizer, although a net N release of 40 to 100 mg N/L was observed. This
net N release was the result of the microbial decomposition of the organic fertilizers, but
the microbial activity did not result in an increase in microbial biomass in peat. For the
other blends, blood meal amendment resulted in an increase in the microbial biomass of the
M1, M2, M3, M4 and M5 blends, while the addition of chitin only resulted in an increase
for M1, M3 and M5, i.e., the three blends where no net increase in mineral N after chitin
addition was observed. Although no microbial activity in terms of N release was observed
in some of the blends, an increase in microbial biomass for these blends was detected.

There was a significant negative correlation between the net change in microbial
biomass during incubation with the organic fertilizer and the net N release (R = —0.85,
p < 0.05, n =12), which implies that a larger increase in microbial biomass during incubation
with the organic fertilizer resulted in less N mineralization.

3.3.3. Plant Trial with Cucumber: Seed Emergence

The average % of seed emergence was high, with values between 83% and 100%
emergence after 2 weeks. There was no interaction between the blend and the fertilizer
applied (p = 0.64), and the number of emerged seeds was not significantly affected by blend
(p = 0.11) nor fertilizer (p = 0.06).

In conclusion, replacing peat with woody compost to a high degree in blends with
organic fertilizers is challenging. A strong effect on the mineral N release was observed as a
result of both the organic fertilizer and the blend composition. For the blends tested, there
was a clear link between the increase in microbial biomass and the net N release after the
addition of an organic fertilizer. The best results in terms of total mineral N were obtained
with the blends with woody compost 2 (the compost with the higher microbial biomass,
and lower C/N ratio and OUR) amended with chitin. No effect was observed on seed
emergence for cucumber with respect to blend or fertilizer regime.

4. Discussion

Composts with the best fit for use as peat replacement in growing media were selected
and blends with these composts were optimized with the aim of increasing sustainability
of soilless plant production. The partial or complete replacement of peat by compost
in growing media may affect the fate of mineral N released from the fertilizers. The
replacement of chemical fertilizers by organic fertilizers may also increase the sustainability
of growing media [31]. Organic fertilizers depend on microbial decomposition activity for
N mineralization, mostly resulting in a lower predictability with respect to the mineral
N availability in comparison to the use of chemical fertilizers [21]. The correct prediction
of biological processes, including the N related processes in growing media, is a major
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challenge for the horticulture industry [1]. Within the current study we aimed to answer
the following questions:

- What is the N release of composts selected for a better fit for use in growing media,
both for the composts with or without added organic fertilizers?

- Can the blend with woody compost be optimized with organic fertilizers to increase
the mineral N availability? What is the interaction between N release and micro-
bial biomass?

4.1. Compost: Role as Bulk Material vs. Role as Organic Fertilizer

When compost is used primarily as a bulk replacement for peat or coir in horticultural
substrates, selecting composts with optimal characteristics is key to the quality of the
growing medium [4]. Merely replacing peat or coir with composts characterized by a high
fertilizer and/or lime replacement capacity may jeopardize the quality of the growing
medium if the liming or the fertilizer addition in the blend is not adapted, as this can
lead to EC or pH values that either extend beyond the optimal range or to unbalanced
nutrient dosing. In growing media, the type of compost is closely related to how much
of it is included. Woody green composts have a higher potential to be used for bulk
replacement of peat and coir in growing media, while more nutrient-rich composts with a
higher inorganic C content and a higher N release (i.e., VFG composts) should be used in
lower doses, as they mainly act as organic fertilizer rather than as bulk replacement. These
two types of compost can be combined in one blend, with a specific role for each compost.

Woody composts are produced from a feedstock of selectively collected tree prunings.
Despite achieving higher scores for use in growing media than VFG and green composts,
woody composts may be characterized by lower initial mineral N concentrations and low
N release rates. These composts may also have a lower value as organic fertilizer for other
nutrients when compared to green and mainly VFG composts (i.e., as a source of P and K),
although the differences in this study were not significant. For the blends with the woody
composts, the N release was low, and the addition of organic fertilizers did not always result
in a sufficiently high net mineral N release. There are important differences between batches
for these compost characteristics, however, even within one type of compost, pointing at a
high variability for composts [3] and the need for a batch-specific characterization.

In this study and in previous studies, it appears that the initial feedstock of the compost
is a determining factor. Composts based on a woody feedstock can lead to a differentiated
microbiome, including fungi with high potential for lignin degradation [32]. Feedstock
determines both the suitability for use in growing media and, even more importantly,
whether the compost is best for bulk use or as organic fertilizer. Categorizing subtypes of
composts based on their feedstock can already partially alleviate the high variability of
these materials [3]. Feedstock selection is thus an effective way for producing composts
for targeted applications, including their use in horticultural substrates, and has a greater
effect than additional treatment for optimizing composts after processing [4,15].

4.2. Organic Fertilizers: N Release and Microbial Activity

Cytryn et al. [33] demonstrated that nitrification and nitrifying bacterial community
dynamics in intensive soilless growing media may be significantly different from those
in traditional soil-based agricultural systems. The organic fertilizer mineralization and
nitrification that occurs due to microbial activity is primarily controlled by humidity and
temperature [21]. The temperature and moisture conditions during incubation in our study
were standardized for all materials to a level located within the optimal range for this
microbial process. It is expected that the decomposition of organic fertilizers initially results
in more available C sources in the growing medium and potentially also a reduction in
oxygen availability [34]. This was confirmed by results of De Tender et al. [23], who found
that during the first 6 weeks of plant growth, chitin amendment significantly increased
the water-extractable C content in the peat-based growing medium and resulted in higher
NH4-N concentrations during the 10-week experiment. High NH4-N concentrations and a
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high NH4-N/NOs-N ratio may indicate the depletion of oxygen and/or a reduced nitri-
fication. These effects were not observed in the incubation trial with the growing media
blends with compost and organic fertilizers reported here. In the presence of plant roots,
this balance may change, however, as roots and the microbiome in the rhizosphere may
affect the oxygen availability in the blend, and due to the interactions between fertilizers,
plant roots and associated microbes with the nitrification activity in the rhizosphere [35].
Higher NH4-N concentrations were only measured in some of the blends. In the 100%
peat blends after 100 days, the measured concentrations were 29 and 23 mg NH4-N/L for
the blends with blood meal and chitin, respectively. In the peat-free blend with woody
compost 2 and the peat-reduced blend without woody compost, both amended with chitin,
the concentrations were 40 and 10 mg NHy4-N/L, respectively. For the other blends, the
measured concentrations were below 5 mg NHy-N/L. After 250 days, the 100% peat blend
with chitin and the peat-reduced blend without woody compost with chitin still had con-
centrations of 15 and 9 mg NH4-N/L, respectively. The reason for the higher concentrations
in the 100% peat blends may be related more to the material than to oxygen availability, as
peat, after the addition of organic fertilizers, strongly accumulates ammonium due to weak
nitrification [21], while other materials such as bark may show higher nitrification rates [21].
The net effect of less oxygen in the root zone due to organic fertilizers versus higher ex-
pected nitrification in the blends with woody compost resulted in higher NO3-N/NH4-N
ratios compared to the peat blend, indicating that nitrification in the peat-reduced and
peat-free blends is able to overcome the risk of higher NH;-N concentrations due to the
organic fertilizers, as was also observed for coir-based growing media [19]. The same
study showed that these blends may benefit from a small amount of green compost (as a
carrier for bacteria for the nitrification process) to stimulate the nitrification in the blend,
thus reducing the risk of a too high pH and/or too high NH4-N concentrations in the root
environment [19]. Our study confirms the study of Paillat et al. [21], i.e., that chemical
and biological properties of growing media drive N mineralization and nitrification after
organic fertilization and consequently the amount of nutrients potentially available for
plant uptake.

4.3. N Release versus Blend Composition: How to Provide Sufficient N?

Fertilizers are expected to supply the optimal doses of nutrients within an optimal
range and at the optimal speed for plant growth. Sufficiently high mineral N doses in
the growing media blend can be provided either by adding mineral or organic fertilizers
during the production of the growing media or via fertigation during cultivation. Processes
resulting in the immobilization of this mineral N will reduce the overall availability for
crops. Fertigation may result in the lowest impact of N immobilization processes on
crop productivity, as nutrients are supplied in a more continuous way during cultivation
compared to the one-time addition of mineral or organic fertilizers at the start of cultivation.
Although stable materials were used in this study, and the individual materials had a low
risk for N immobilization, the net N release of the blends with organic fertilizer was still
low. This made it difficult to create blends with sufficiently high mineral N concentrations.
The best results in terms of mineral N availability were obtained for the peat-reduced and
peat-free blends made with woody compost 2 and amended with chitin. For the blends
with woody compost 1, no or only low net N release could be obtained after 100 days of
incubation by adding the organic fertilizers. The type of compost and the type of organic
fertilizer was thus more important than the blend composition, i.e., whether the peat was
partly or completely replaced. The peat-reduced blends without woody compost also
suffered from lower mineral N concentrations than the peat blends, which indicates that
the issue with N release is also relevant for other materials.

Chitin [23] and blood meal [34,36] are considered to be organic fertilizers with high
rates of N release. The N release through microbial decomposition in the peat blend was
lower for chitin than for blood meal, but for the other blends it appeared to be the other
way around. Although a higher dose of blood meal (3.5 g/L) was used than for chitin
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(2 g/L), higher mineral N concentrations were measured for the blends with chitin for
higher degrees of peat replacement. Previously, the same chitin source and dose in peat
resulted in a mineral N release of 87 mg N/L peat after 9 weeks at 20 °C [23]. Surprisingly,
the net N release for the peat blend in the incubation trial at 15 °C presented here was lower,
although the incubation period was longer. Due to this high N release rate, chitin can be
characterized as an organic fertilizer with fast N release, but it may have other functions in
a growing medium blend as well, i.e., the induction of a higher disease resistance [23].

4.4. Total Microbial Biomass: Value as Indicator and Link with N Release

In previous work on composts and other components of growing media, the microbial
composition was studied and characterized in more detail and with different techniques
(e.g., [13-16]). In the current study, total microbial biomass was measured as a characteristic
of either the material or the blend, and the change in microbial biomass was measured to
assess the effect of adding organic fertilizer. For the materials, there were clear differences
between VEG, green or woody composts versus wood fiber and bark compost. Differences
between VFG composts and green composts with low initial mineral N content were also
found. There was, however, no clear relationship between the microbial biomass and the
N release capacity of the compost, except in the case of the lower net N release of green
composts with low initial mineral N content. For the green composts, we conclude that the
initial mineral N content, not the microbial biomass, is indicative for the N release capacity
from the pure compost as well as compost blended with an organic fertilizer. In comparison
to peat, all the composts had a higher microbial biomass and OUR (thus a higher microbial
activity), and the values for wood fiber are in the same range as the average reported value
for peat (OUR < 1, total microbial biomass: 168 nmol/g OM, [4]).

In contrast, for blends with or without composts, the net change in microbial biomass
rather than the initial microbial biomass is indicative of N release from organic fertilizers.
This net change was also more indicative of N release than the initial mineral N concen-
tration of the blend. This increase in biomass is related to the process of N mineralization
and the related decomposition of the organic fertilizers. There was a clear increase for total
microbial biomass in all blends except the 100% peat blend after addition of the organic
fertilizers, and the absolute increase after the addition of the organic fertilizer versus the
blend without organic fertilizer was higher than the differences between the blends. No
increase in microbial biomass was observed for the peat blend for both organic fertilizers.
A strong increase of the total microbial biomass shortly after adding crab shell compost
and other composts to soil [37,38] or after adding chitin to peat [24,39] in pot trials was
previously reported; in most cases this coincided with a higher N availability. In the current
research on more active substrates as peat alternatives, an inverse relationship was found
between the increase in microbial biomass and the increase in N availability. The reason
why chitin was more effective than blood meal in the blends with less peat remains unclear.
It is possible that blood meal may have resulted in a higher release of C, inducing a higher
microbial biomass, which may explain the higher increase in total microbial biomass, but
this should be confirmed in future research.

Both blends with woody compost 1, i.e., the woody compost with the highest C/N
ratio (C/N = 29), had no net release during the incubation with organic fertilizers. There
are two hypotheses for this result: (a) due to an inhibiting factor, no activity and thus no N
release took place or (b) microbial activity results in a lack of net N release due to microbial
immobilization of the N released by the organic fertilizer.

The current results indicate that there may be evidence for the second hypothesis.
The negative correlation between net N release and net increase in biomass supports the
hypothesis of microbial N immobilization, i.e., the mineral N released by the fertilizer
is re-immobilized in the short term. The seed test with cucumber does not indicate any
inhibition in the blends tested. For blend M3, the added S resulted in the intended decrease
in pH, which was the result of microbial S transformation, and woody compost 1 had a
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higher value for OUR than woody compost 2, again indicating more intense microbial
decomposition activity.

4.5. Implications for Use of the Growing Media Blends with Woody Composts

Organic fertilizers should be given time to start N mineralization before plants are
grown in these blends. The lower N availability in some blends may be only temporary,
but the possibility for storing blends for several weeks on the part of the producer or the
grower may affect the feasibility of this option. The storage of the blends at a sufficiently
high water content is important when it comes to enabling the microbial decomposition of
the organic fertilizers [21,40] and to avoid problems with germination due to high NH4-N
concentrations [41]. The delayed N release should be taken into account to synchronize the
N delivery by the blend with the plant’s needs.

Future tests should focus on testing (a) whether higher doses of organic fertilizers are
effective for releasing more mineral N, and if the observed negative correlation between N
release and microbial biomass also remains valid at higher fertilizer doses or slow release
organic fertilizers; (b) the addition of organic fertilizers during the production of the woody
composts, i.e., during the composting process on N release by the compost (e.g., [42]); (c) a
combination of organic and mineral fertilizers; and (d) whether the presence of a crop
affects the N release from the blends. Crops remove mineral N from the blends through
plant uptake, and the root microbiome may also directly or indirectly affect N availability
and nitrification [23,35].

5. Conclusions

VEFG, green or woody composts, in comparison to wood fibers or bark composts, show
clearly different characteristics, including microbial biomass, stability, OM and nutrient
content. Woody green composts have a higher potential to be used for the bulk replacement
of peat and coir in growing media, while more nutrient-rich composts with a higher
inorganic C content and a higher N release (i.e., VFG composts) should be used in lower
doses, as they mainly act as organic fertilizer rather than as bulk replacement. The initial
mineral N concentration of composts was more indicative of N release from pure composts
than the microbial biomass, even when an organic fertilizer was added.

The added value of a woody compost in blends with a reduced peat content was
assessed for two woody compost batches. Woody composts, in combination with other
materials, allowed for partial (70 vol%) or complete peat replacement, and woody compost
can be used at least up to 40 vol%. The two blends containing the woody compost with
the lower C/N ratio, higher initial mineral N concentration, higher stability and higher
microbial biomass both gave the best results in term of N availability when the blends were
enriched with chitin as organic fertilizer.

Mixtures with a lower vol% of peat had a higher total microbial biomass, independent
of the use of organic fertilizers, while the use of blood meal as a replacement for peat
resulted in an average higher microbial biomass compared to chitin, and both fertilizers
gave a higher increase compared to the unfertilized blends. In contrast to the observations
for pure composts, for blends with or without composts, the net change in microbial
biomass rather than the initial microbial biomass or the initial mineral N concentration was
indicative of N release from organic fertilizers.

Although woody composts have potential to be used in high vol% in growing media
blends, we conclude that these blends need further optimization in terms of the application
of organic fertilizers. Future tests should focus on testing whether higher doses or com-
binations of organic fertilizers are more effective for releasing more mineral N, and the
performance of these blends should be tested for other crops and growing conditions.
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