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14 ABSTRACT

15 The increasing environmental concerns about the use of peathas-r@newable resource in
16 growing substrates has led to the search for alternataterials. The aim of the present work was
17 to develop a circular chain system based on the “on farm” prioduat green compost in nursery
18 from residues of pruning of woody plants and of grass mowing to eep&stt in the composition of
19 potting mixes. Composting process, carried out in a nursery locateenitral Italy, was evaluated
20 by the analysis of the succession of microbial communitiesnamitoring of temperature. The
21 potential of green nursery compost in the replacement ofreliffepercentages of peat in potting
22 mixes used for the cultivation of olive pot-plants was asskgy the estimation of the nitrogen
23 mineralization potential and the detection of olive tree ¢moparameters. Results showed that
24 initial mesophilic phase of composting occurred within three wédl®sved by the thermophilic
25 phase, which lasted for about 26 weeks and then by the second megb@se. The potential of N
26 mineralization varied with decreasing amount of peat presaheisubstrate. Plants cultivated in
27 mixes obtained with reduced percentage of peat showed a rreggNalopment of growth
28 parameters (plant height and stem diameter) during the whoieatiolh cycle. Our results show

29 that the widespread production and use of this renewable resocanceprovide the partial
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substitution of peat in potting mixes with the potentiactmsistently reduce the economic and

environmental costs of nursery industry.
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Highlights
¢ “on farm” production of green compost in nursery from residues fraerrial activity was
developed
» Composting process was analysed by the succession of microbiahucdies and
temperature

¢ Plants cultivated in mixes obtained with compost and reducegmege of peat showed a
regular development
« The potential of N mineralization varied with decreasimgoant of peat present in the
substrate
* The compost was found to be a suitable component of mixed+gesitages for olive plants
growth
1. Introduction
The production of high quality pot-plants depends by several factdigling the optimization of
physical, chemical and microbiological properties of potting mi@&gatti et al., 2007). Peat is the
most utilized organic substrate for the preparation of pottingesnibecause of its positive
agronomic characteristics such as constant chemical anccahgsoperties, high water retention
capacity, optimal porosity, controlled pH (Pane et al., 20hl)taly, peat is imported with costs
becoming more expensive, reaching in 2012 a total value of 59eMitc (ISTAT, 2013). Peat
represents one of the major costs for nursery production semdiblting the final cost of the
plants. Moreover, in recent years, environmental concerns abeilit epéraction in wetland
ecosystems have risen. Peat lands cover 3% of the Hartti’'surface but boreal and subarctic peat
lands store about 15-30% of the world’s soil carbon as peat (Lingpahs 2008). Therefore, there
is an international effort to evaluate other organic substadteshative to peat for the composition
of potting mixes with comparable quality (Raviv et al., 1998niB et al., 2005; Raviv, 2005;

Herrera et al., 2008; Pane et al., 2011; Altieri et al., R@2dmposting is an aerobic process, during

which a mixture of organic substrates is degraded by a div@csebial communities, transferring



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

the organic matter into a stabilised end-product (Insam andcedeld, 2007), which represents a
potential alternative to peat (Boldrin et al., 2009). Advantagfesomposts as ingredients of
growing media include their environmental benefits, nutritioc@htribution, potential positive
impact on soil microbiota, and suppressiveness against soil-biiseases (Tejada et al., 2009;
Knapp et al., 2010; Boldrin et al., 2010; Fuchs, 2010; Yogev &(HlQ; Tejada and Benitez, 2011).
Potential limitations include high bulk density, salinity, residplytotoxicity, pH and rate of
residual degradation with time (Raviv, 2009). Therefore, éffect of compost might vary
depending on the parent waste and production process, and therefarot be generalized
(Benito et al., 2006; Lazcano et al., 2009; Rainbow, 2009; Negtke, &012; Morales-Corts et al.,
2014).

Cultural practices in nurseries generate a consistent amotggidfies resulting from mowing and
pruning activities whose disposal represents nowadays a relewandtmic cost. The ‘on farm’
composting of these residues may result in a final product, & gompost, potentially useful in
replacing peat in potting mix, and for mulching.

The production of olive pot-plants is estimated in Italy at 200100& per year, representing one
of the main sources of income for the Italian nursery indugiyl, 2013). The possibility to
replace peat with an alternative substrate for nursewme @roduction could therefore lead to a
substantial economic and environmental benefit.

In 2010 a study has been initiated to assess the fegsilifili circular chain system aiming to
utilize green wastes from nursery activities (mowing and pg)nto produce ‘on farm’ green
compost and to evaluate its beneficial effect for commieptants growth and production. This
approach is the basis of the concept of the ’'circular economtych keep the added value in
products for as long as possible and eliminates waste [UE (20041) 398 final]. Moving towards
a more circular economy is essential to deliver theuree efficiency agenda established under the
Europe 2020 Strategy for smart, sustainable and inclusive growth [Q@040)2020,

COM(2011)21].
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The aims of the present work were: i) to evaluate a closke-@roduction of ‘on farm’ compost
from residues produced by the nursery activities, ii) to uatal the composting process
performance by the analysis of physical parameters and tremal communities succession, iii)
to assess the potential of compost as an alternative toirpgadtting mixes used for plant
cultivation, by the estimation of the nitrogen mineralmatpotential and the assessment of growth

parameters having olive as model plant.

2. Material and methods

2.1 Compost Production

Green Nursery Compost (GNC) was produced during 2010 from residuesd from ordinary
operations of pruning and mowing within the nursery farm “Ottical Pistoiese” located in the
Province of Viterbo, Italy (42°27'00.9"N 12°05'52.9"E). The compggplant comprised a concrete
platform (70 n) equipped with a drainage system and covered by a permamwénihe woody
matrices, derived from hardwood and conifer residues (85%laténus x acerifolia, Tilia spp,
Pinus spp.) were subjected to chipping and added with turf mowliBgo). The mixture was then
piled on the platform and composting started. The pile wasgeaily turned over and watered.
Temperature was monitored weekly using a digital soil therrmem@l 93510 Thermistor
Thermometer, Hanna Instruments, Inc., USA) at six diffe@ints (depth 80 cm) of the pile

throughout the whole composting process.

2.2 Patterns of microbial community during the composting process

Progress of the composting process was monitored by patterns @rebsson of the resident
microbial communities. Sampling was carried out weekly byecbiig 4 samples of 0.5 Kg each
from the pile. Samples were sifted with a 2 cm sieveetoove the coarse fractigrimmediately
transported to the lab and stored at 4°C prior to analysis. Thples were mixed thoroughly,

divided into subsamples (10 g) and appropriate serial dilutions mvade in sterilized distilled
4
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water to count colonies and calculate the microbial colony forramts (CFU) (Hirte, 1969).
Aliquots (0.1 mL) of each dilution were spread with a glems in Petri plates containing the
required medium. Ten plates were used per dilution. In ordesltmlate the fungal CFU, samples
were plated on potato dextrose agar (PDA) (Oxoid, UnipathBadingstoke, England), added with
streptomycin sulphate (0.01 g'L. Mesophilic and thermophilic bacteria were cultivated cateP!

Count Agar-PCA at 30°C and 55°C for 72 h, respectively (Fedsradi, 2011).

2.3 Compost maturity test and chemical characteristics of mature compost

The germination index (Gl) was calculated according to Zucebmil. (1985) to estimate GNC

maturity. Deionized water was added to the compost sarigphdtain a moisture content equivalent
to 85% (wet weight) and after a contact period of 2 h, tige@us extracts were obtained by
centrifugation and filtration through a 0.5 membrane filter. The concentrated extracts together
with three dilutions (25%, 50% and 75% in deionized water) weed as germination media. A

Whatman filter paper placed inside a 9 cm diameterilizggt, disposable Petri dish was wetted
with 1 mL of each germination solution and ldpidium sativum L. seeds were placed on the paper.
Deionized water was used as a control and five replicates se¢ out for each treatment. The Petri
dishes were placed in sealed plastic bags to minimiteriess while allowing air penetration, and
were then kept in the dark for 2d at 20°C. After the incobagieriod the number of germinated
seeds and the primary root length were measured and expessseghercentage of the control
(germination index).

Analyses of mature GNC were carried out to detectdhewing chemical parameters according to
analysis Official Methods (ANPA, 2001): pH, carbon:nitrogen (Crétjo, electrical conductivity

(EC), total organic carbon (TOC), total nitrogen (TN).
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2.4 Determination of physical and chemical characteristics and kinetics of nitrogen mineralization

in potting mixes

To assess the performance of increasing amounts of GNC igothposition of nursery potting
mixes, three growing media with 25% (B) and 50% (C) and 100%fBINC as peat replacement
were prepared. Peat-based potting medium used in the nursery@@% peat, 40% pumice +
Osmocote 10-11-18 NPK) was used as control growing medium (B)e(T& The different potting
mixes were analysed by the detection of the following phydiemnical parameters according to
official methods (MIPA, 1997): pH, electrical conductivity (E@al and apparent density and total
porosity. Nitrogen mineralization was assessed following tethad of Stanford and Smith (1972)
with a 30-weeks aerobic incubation. Ten grams of GNC were itetilz 28°C in a combined
filtration—incubation container. Compost water content was m@aied at 60% water holding
capacity (WHC) during all the incubation period.

The mineral N produced was leached at predetermined itgdfter 2, 4, 8, 12, 16, 22 and 30
weeks) with 50 mL 0.01 M CaSQIn order to prevent any limiting effects due to the abseof
other nutrients, after each leaching 20 mL of a nutrient soluthinus N, was added to the compost
(0.002 M CaS@ 0.002 M MgSQ, 0.005 M Ca(HPQy),, 0.0025 M KSOy). After each leaching,
ammonium (N-NH") and nitrate (N-N@) produced during the incubation time were determined
colorimetrically, following the procedures of Anderson and Inga@93) and Cataldo et al. (1975),
respectively. The kinetic parameters of N mineralizatisach as mineralized N {)N and
potentially mineralizable N (§), obtained from the first order kinetic model [N No(1 —e Y],
were expressed as nitrate (N-NDand ammonium (N-NI) production during t days. The ratio of
No to total N (Noy) was calculated in order to assess the mineralizaggned of total nitrogen in
the potting mixes. In the mineralization kinetic modeljs the rate constant of labile pool

mineralization (Marinari et al., 2010).
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2.5 Cultivation trials

Agronomical trials were performed to assess the suitalafitpotting mix compositions for the
growth of olive trees@lea europea, cv Frantoio). The experiment was carried out during 2011 and
2012. Olive plants, propagated from cuttings, were grown impmese on five litres plastic pots.
Four repetitions of 12 plants were used for each potting mix. Téwtly of olive plants was
analysed during the two years cycle of nursery cultivatiowl, the following parameters were
determined for each potting mix: stem height and diamédtents and roots fresh and dry weights
determined at the end of cultivation period; total leaf gr€b Area Meter, Delta-T Devices,

Cambridge, UK) ; leaf biomass.

2.6 Satistical analysis
The experiments were repeated twice. Data were subjectediay ANOVA analysis. Tukey's post-
test was employed subsequently to identify pairs of resultssigtfificantly different means. Both

ANOVA and post-test were performed by Graph-Pad PrisnSaf Diego, CA, USA)

3 Results
3.1 Temperature and microbial succession during the composting process

The evolution of bulk temperatures during active composting is showieigure 1. Initial phase of
composting (mesophilic phase, 25-40°C) occurred within three wiedlksved by a consistent
increase of the temperature, which lasted for about 2&sneeed coincided with the thermophilic
phase (35-65°C) (Insam et al., 2010). Then temperature progrgssaetased (second mesophilic
phase) attaining constant values close to external tempefainrehe 48 week onward. Outside
air temperature was consistently lower than that moniteiédn the pile. Moreover, during the

composting process internal and external temperature was plystrrelatedr,y = 0.78).
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Succession of total culturable bacteria and fungi is regoirieFig. 2 A-C. The number of
thermophilic and mesophilic bacteria varied during the diffel@mposting stages. The early
thermophilic phase coincided with the increase of total CFWath thermophilic bacterial and
fungal species. Subsequently, in the evolution of thermophilisgphatal CFU of thermophilic
bacteria and fungi dropped down, while that of mesophilic bactemaistently increased. The

onset of the second mesophilic phase coincided with the padidferof fungal species.

3.2 Compost characteristics

Within 48 weeks the GNC reached a Gl value greater 56&h and, therefore, it was considered
adequately mature and phytotoxin-free, according to Zuccohi (@Sa1).
Chemical characteristics of the GNC at the end of comqmpgteriod are shown in Table 2. At the

end of composting process the value of pH (6.37) agrees widlbliseed values for plant

cultivation and electrical conductivity (0.92 mS %)nshowed values that are suitable for the
cultivation of pot plants (Sullivan and Miller, 2001). The valué total nitrogen and of organic C

showed the good potential of GNC as fertilizer and organic amamdm

3.3 Physical and chemical characteristics and N mineralization kinetics in potting mixes

Chemical characteristics of the potting mixes are showrabieT3. The increase of GNC in the
composition of potting mixes resulted in an increase of rdattconductivity (EC) and pH.
Concerning physical parameters the values of total porogifiytislidecreased with the increase of
GNC percentage in potting mixes.

Soil nitrogen mineralization was measured as NsN@d N-NH' release during 30 weeks of
incubation of potting mixes with different rate of peat sisdn (Fig. 3). The results indicate that

different amounts of N-N©and N-NH, were released during incubation of the potting mixes. In
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control A (60 % peat) and B (45% peat, 15% GNC) substratesdahefarm of N produced during
incubation was N-Ni Conversely, in C (30% peat, 30% GNC) and D (60% GNC) suibsirdne
amount of N-NH released was consistently lower. Furthermore, in potting Dnithe highest
release of N-N@in the early stages of the mineralization process cedwompared to other mixes
with a decline from the ftweek onward. The percentage of potentially mineralizable tstal N

of potting mixes (NWNtot) declined with decreasing amount of peat presetheisubstrate (Fig. 4).

3.4 Olive trees growth

Olive plants showed a statistically similar increasgroivth parameters in the potting-mixes A-B-
C during the two years cultivation period, in particulbe tvalues of plant height detected in
October 2011 and 2012 (Table 4). Instead, the D mix determisigghificantly lower plant growth.
Statistically similar values of trunk diameter were degdd in plants growth in A and B potting
mixes. With respect to the biomass allocation between slamotgoots at the end of cultivation
period, a declining trend was evident for both roots and stdim dgcreasing amount of peat
present in the substrate, although differences among A, B aveteCnot significant (Fig. 5). Total
leaf area and leaf biomass detected at the end of xXperiment, did not show significant
differences between A and B growing media, while mix C Rrdktermined a significantly lower

values of these parameters (Fig. 6).

4. Discussion

The present study showed the feasibility of a nursery circultgraysroducing green compost from
plant biomasses residual of the nursery activities. Furtherniiofeas been demonstrated how
monitoring activities carried out during the composting proceghtrpirovide easy to use indicators
of the quality of the aerobic digestion and maturation proceddesitoring of the microbial

succession is an important measure in the effective mamagesh the composting process as
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microorganisms play key roles in the transformation of the maaterial and the occurrence of
certain groups of microorganisms reflects the quality of nrajurompost (Ryckeboer et al., 2003a;
Vivas et al.,, 2009). The composting process involves the aerotmthezmic microbial
decomposition of the initial substrate. The length of the rdiffecomposting phases depends on the
nature of the organic matter being composted and the efficartbg process, which is determined
by several factors such as starting materials@pply, moisture content, active turning and outside
temperature (Ryckeboer et al., 2003b). Present data sho@/kheatio of GNC was higher than
optimum (>40) (Tuomela et al, 2000). In this condition, nitrogen wadsniting factor, thus
determining a slow rate of degradation process. Despitectiisism, the different composting
phases were clearly distinguishable. During the thermophiliceplésich followed a short initial
mesophilic phase, microbial activity was mainly due to tlogrmiic bacteria and fungi that are
important degraders of substrates rich in cellulose and lignimasithat under investigation (Insam
et al., 2010). Total mesophilic bacteria increased during ty@niliic phase probably facilitated by
the relatively low temperatures (around 50°C) during this pids®esecond mesophilic phase was
characterized by an increased number of fungal species, pral&gyhders of starch and cellulose
(Ryckeboer et al., 2003b).

The results from the cress-seed germination bioassay showeld gaeater than 50% which,
according to Zucconi et al. (1981), indicates a phytotoxin-free cdmptence, the material
resulting from the composting process was suitable for substifpi@igin potting mixes.

The values of pH and electric conductivity increased wvighiicrease of the GNC in potting mixes,
in a range considered suitable for olive cultivation (Gajd887; Fernandez and Moreno, 2000)
except for the electrical conductivity value of thesis D comsitieoo high for optimal plant growth.
In the present study, total porosity slightly decreased Wwéhricrease of GNC in potting mixes. A
similar trend was reported by Edwards et al. (2011) by substtuaticreasing percentages of
vermicompost to Standard Commercial Potting Media MM 360. Honyveadues were kept very

close to the ideal total porosity value of 85% as suggésteeé Boodt and Verdonck (1972).
10
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The Ny/Ntot ratio in the four substrates progressively decreasad A to D. This result suggests a
less mineralization degree of nitrogen in GNC with eesgo that present in peat. The different
No/Ntot ratio in GNC and peat might be due to the origin of migaitrogen forms and/or to the
composition of microbial communities involved in organic mattangformation process. The
release of inorganic nitrogen from chemical fertilizer was a key determinant, since significant
differences of NN were obtained among the potting mixes with the same dose oficdie
fertilizer. In C and D substrates composition N-JNiBcreased as N-NHdecreased probably
because nitrification process occurred when pH value of stbstwvas over 6.0. In fact, the
nitrification rate commonly declines with reduction of sulistiaH (Focht and Verstraete, 1977;
Benke et al., 2012). It is likely that peat, as an acchmonent of the potting mix, might have
inhibited the nitrification rate, but not the release of amuomnoriginated from the mineralization
process (Focht and Verstraete, 1977; Khalil et al., 2005; Md®g5). In mixes containing GNC
the process of mineralization has resulted in a fasteaselef N-NQ from N-NH, with a peak at
the 4" week as in the case of potting mix D, probably due to a pesffect of GNC on the growth
of nitrifying microbial population

Compost from green residues has been found to be a suitable comjporgrowing media (Hartz
et al., 1996; Spiers and Fietje, 2000; Benito et al, 2005; Bendb, £2009). In particular, a peat-
based media partially amended with green compost deniged rhunicipal biosolids was found to
be effective in improving olive seedling growth when addelbwtpercentages to the peat-based
media (Mugnai et al., 2007). Our results show that the padgm@hcement of peat with GNC
produced olive plants of similar agronomical and commercial quétign the peat—pumice
substrate during the two-year trial. This was probably dueetdNtkinetic of the mixtures, which
provided the long term availability of N for plant uptake diviggdiin both nitric and ammonium
and the optimal values of physical parameters for growth sircddbinning of cultivation and
throughout the first year of cultivation. By contrast, quatifyplants grown in D was lower than

plants in the other substrates, although this mix had a relatigh N-NG; level. This could be
11
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explained by the low value of total porosity and concomitant iser@aEC value detected in mix
D, which could be responsible of the low growth of the plant rgstem, with a consequent
influence on the regular development at shoot level (Larcher eanib 2009), as proved also by

the reduction of total leaf area compared to other substrat

5. Conclusion

On farm composting and the use of the end-product to the psubatitution of peat in nursery
activity allows reducing the environmental and economic costiseirproduction of potted plants.
Moreover, the use of compost can have an important addedfgaline nursery production due to
the possibility of being assigned the ecolabel brand thatcisgnized at EU level (Decision
2007/64/EC).

GNC was found to be a suitable component of mixed-peat sulsstoatelive plants, providing a
15% or 30% of peat substitution, with results comparable tmtitatned using standard peat-based
mixture. In a context of close-cycle production of on farm compast evop residues produced
during the nursery activities, our results show that the widadppeoduction and use of this
renewable organic compost, can provide the partial substitutipeaifin potting mixes with the
potential to consistently reduce the economic and environmental Adstsher research is needed
with the aim of completing the total replacement of peal &irenewable substrate with a lower
C/N ratio and higher fertilizing ability, such as composinirorganic urban waste and sewage

sludge.
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Figure captions
Fig. 1 External and internal temperature during the composting procabe oaw biomass.

Fig. 2 Changes of the microbial community expressed as Colony Fgrdnits (CFU) during the
composting process of raw biomass. (A) thermophilic bact@)anesophilic bacteria, (C)
fungal species.

Fig. 3 Nitrogen (g N gf) mineralization kinetics in the potting mixes containing corhpsspeat
substitute. (A) standard 60% peat + 40% pumice; (B) 45% peat +cbBipost + 40%
pumice; (C) 30% peat + 30% compost + 40% pumice; (D) 60% compéB¥t+pumice.
Bars indicate standard error (n = 3).

Fig. 4 Percentage of potentially mineralizable Ny (Nto total N (No) of potting mixes A-D. (A)
standard 60% peat + 40% pumice; (B) 45% peat + 15% compost + 40%ep @) 30%
peat + 30% compost + 40% pumice; (D) 60% compost + 40% pumiceshNea standard
deviation are reported. Different letters denote sigmfichfferences at post-ANOVA Tukey
test P<0.05). Bars indicate standard deviation.

Fig. 5 Aerial part @ ) and rootf] ) biomass (g dry mattenff) of olive plants grown in the
potting mixes A-D at the end of the trial in 2012. (A) standi® peat + 40% pumice; (B)
45% peat + 15% compost + 40% pumice; (C) 30% peat + 30% composst pumice; (D)
60% compost + 40% pumice. Means and standard deviation areerepW@fithin each
series, values with different letters indicate sigafficdifferences at post-ANOVA Tukey
test P£<0.05).

Fig. 6 Total leaf area (cm)E ) and foliar biomass (g dry ergtlant’) ( E1) of olive seedlings
grown in the potting mixes A-D at the end of trial in 201&) $tandard 60% peat + 40%
pumice; (B) 45% peat + 15% compost + 40% pumice; (C) 30% p&ad¥e+ compost + 40%
pumice; (D) 60% compost + 40% pumice. Means and standard devatoreported.
Within each series, different letters denote significaifémdinces at post-ANOVA Tukey test
(P<0.05).
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Table(s)

Table 1
Composition of the of the potting mixes with increasing
percentage of compost.

formulation
Potting mix peat  compost pumice  fertilizer
% % % kg m3
A 60 0 40 2.50
B 45 15 40 2.50
C 30 30 40 2.50
D 0 60 40 2.50




Table 2

Main chemical characteristics of compost GNC
at the end of composting process. Means and
standard deviation are reported.

parameter value

pH 6.37 £0.05
Electrical conductivity (mScm™) 0.92+0.15
Total Nitrogen (%) 0.88 +0.03
Carbon (%) 47.7+1.50

CIN 54.2+1.80




Table 3

Main physical and chemical characteristics of the potting mixes used for olive cultivation.
(A) standard 60% peat + 40% pumice; (B) 45% peat + 15% compost + 40% pumice; (C)
30% peat + 30% compost + 40% pumice; (D) 60% compost + 40% pumice. Means and

standard deviation are reported.

Parameter Potting mix
A B C D
pH 575+0.02 594+0.02 6.33+£0.01 6.57+0.03
Electrical conductivity (mS/cm) 052+0.05 0.68+0.04 1.03+0.04 1.19+0.03
Apparent density (g cm™) 041+0.04 043+0.07 044+£007 0.45+£0.05
Real density (g cm™) 2.32+0.08 2.30+0.10 2.28+0.04 2.28+0.06
Total porosity (% vol) 83.10+1.20 8230+160 8150+1.40 80.10+2.10




Table 4

Average values of plant height and trunk diameter of olive plants grown
in the substrates (A-D) amended with increasing amount of compost in
substitution of peat at the last rating of 2011 and 2012, and percentage
of annual increase. Different letters in the same column denote
significant differences at post-ANOVA Tukey test (P<0.05).

plant height (cm)

potting
mix 2011 A (%) 2012 A (%) A (%) total
A 1094 a 60.3 1255a 14.7 83.9
B 104.3 a 459 121.7 a 16.9 70.2
C 96.3 ab 53.2 1141 a 18.5 81.5
D 746 b 25.1 85.0b 13.8 42.4
) trunk diameter (cm)
potting
mix 2011 A (%) 2012 A (%) A (%) total
A 8,5ab 29.0 9,4 a 11.4 43.8
B 8,5a 32,1 9,4 ab 9.5 44.6
C 7,7 abc 32.1 8,7 bc 12.4 485
D 70c 23,4 75¢ 10.4 36.3




Figure(s)
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