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Abstract

Different origin composts and a digestate from @ghs plant and their respective alkali soluble (pBad
insoluble (IOR) fractions have been tested as acgtmmtilizers in growth media. The materials haween
characterized by determination of pH, salinity, NG, P, and K content. A preliminary evaluation o€ th
possible phytoxicity has been performed by deteation of the germination indexes of cresegidium
sativun), white mustardinapsis albpand radishRaphanus sativiisMost of the materials did not promote
the germination of the seeds. Notwithstanding thesgative results, the materials were also usquhegl
peat substitute in a commercial substrate to tesigtowth of marigoldTagetes patulg radish Raphanus
sativug, and spinach§pinacia oleracea The dimension and dry weight of the plants gremrthe substrate
mixed with the composts, the digestate or the SB@se similar to those observed on the substrate.
Moreover, most of the SOBs provoked the increagbefiry weight of the roots of the radishes, tfusean
increase of the quality. The insoluble fraction®R) from the composts allowed a growth of the @ant
similar to that obtained with a commercial substrah contrast, the IOR obtained from the digesteds

phytotoxic.



I ntroduction
Although soilless horticulture and floriculture yelargely on peat sourced from bogs, many studese h
demonstrated that peat can be substituted by attees such as compost, sewage sludges and othe
transformed wastes in growth media preparationge{inoet al, 1998; Raviwet al, 1998; Ozores-Hampton
et al.,, 1999; Bustamantet al, 2008; Herrereet al, 2009; Anderseret al, 2010; Boldrinet al, 2010;
Jayasinghet al, 2010).
Compost is one of the most adapted materials tetsute peat in nursery for both its physical ahérnical
properties, as for example its high content of ladllke compounds which have been largely investigat
(Prudentet al, 1995, Lguiratet al, 2005, Campitellet al., 2006, Francioset al, 2007). Another promising
organic fertilizer is the digestate coming from #neaerobic biological digestion process by whichihe
absence of oxygen, organic matter is transformambiogas. Because of the high nutrient contentRNK)
in available form, the digestate slurry appearddoa very good candidate to replace inorganiclitests
(Tamboneet al, 2010).
Recently, it has been demonstrated that alkalibdelorganic material (SBO) extracted from urbantess
originated composts have promising performanceshasnical auxiliaries for a number of technological
applications in the chemical industry and in enwin@ntal remediation i.etextile dyeing (Savarinet al,
2009), detergents manufacture (Savaeh@l, 2010), hydrocarbonsontaminated soil washing (Montoneri
et al, 2009) light-induced oxidation processes for environmergatediation of waste waters (Bianco Prevot
et al, 2011), and templates for the synthesis of ponoaterials with tailored morphologBoffa et al, 2010).
Promising results have been given by SBO in promgatine green house growth of tomatoes (Sorinal.,
2011). The insoluble residue (IOR) left after extron of SBO is a by-product which possible usaghot
been investigated.
The scope of this paper was to check the capadigifferent urban wastes originated organic matsria

(starting materials) and the respective SBO and t@partially replace peat in growth media for saypacal



horticultural and floricultural species. The stagtimaterials were different origin composts andgestate

from a biogas production plant.

Materials and Methods
Urban wastes
The starting materials were a digestate slurryinbthfrom source separated organic wastes in abiptant
production (SSOD), a compost from green wastes),(C&mixed compost from green wastes and SSOD
(CGD), a mixed compost from green wastes and shiffgen a waste water treatment plant (CGS), a mixed
compost from green wastes, sludges from a wasterwatment plant and SSOD (CGSD). All materials
were supplied by Acea Pinerolese Industriale SpAerelo (TO), Italy.
Preparation of the soluble (SBO) and insoluble fiats (IOR)
The preparation of the soluble fraction was perfann a pilot plant by treatment of the startingtenials
with a 0.1M KOH solution (1L solution/ Kg solid) dar stirring at 60 °C for 4h. The reaction mix was
allowed settling to separate the supernatant liguadtaining the soluble fraction (SBO) from thdido
residue (IOR). The liquid phase (SBO) was centgflitp separate fine solid particles. The IOR residas
washed once with water at 4 L Rdiquid/solid ratio. The recovered SBO solution d@R solid products
were allowed to concentrate and/or dry in ventdateen at 60 °C until reaching a residual moisturder 20
%.
Characterization of the materials
pH and electrical conductivity were measured osHie collected samples in 1:5 (w/v) aqueous extr@ct
and N content were measured by elemental analysis5omm sieved samples. The total P content was
determined colorimetrically (phosphomolybdic complafter nitric-perchloric acid digestion. The assium
content was determined by atomic absorption aftacmacid digestion.
Composition of the growth media
The tested materials were added to a commerciadtsie (Evergreen ammendante torboso, provided by

Turco Sulvestro snc, Turin, Italy) with the follavg characteristics: peat > 50 %, pH 6.5, organi80Cx,

5



organic N 0.8 %. The growth media were preparedniying the materials with the substrate on a 30 %
(V/V) basis. The corresponding concentrations esgad as dry matter were about 70 % (W/W) sludge anc
composts, 25 % (W/W) SBO and 60 % (W/W) IOR.

Germination bioassay

Seeds of cressLépidium sativury) white mustard Sinapsis albp and radish Raphanus sativiiswere
germinated on filter paper moistened with deioniseder for control treatment or with aqueous soksi
prepared by water extraction of the materials (8@/A%) diluted to 50 and 75 % (w/w) for sample traant.
The percentage of germinated seeds and the lerfgtheoroots were determined after 24 hours. The
germination index (Gl) was calculated accordinghefollowing equation:

Gl = 100 * (number of germinated seeds x mean ladéngth - sample) / ( number of germinated seeds
mean radicle length - control). The final resultsithe average of thialues of the two concentrations.

Plant growth experiments

Experiments were carried out in the experimentahfaf the Department at Carmagnola (Piemonte, North
Italy). The first experiment was conducted undeit kereen, from June to July 2010 dmagetes patula
(marigold) andRaphanus sativugradish). Commercial marigold plants from nurs€ty cm height) were
transplanted into the different growth substrated # x 14 x 15 cm pots; radish was sowed inteemyrtrays
and potted at three leaves stage in 9 x 9 x 1pats) two plants for pot.

The second experiment was carried out into a gaaesd) from November to December 2010Raphanus
sativusandSpinacia oleracedspinach). Both species were sowed into nursagstand transplanted at three
leaves stage into 9 x 9 x 10 cm pots.

Control plants were grown on the commercial subsstifaive replications were established for eadl.tiihe
growth of plants was evaluated according to thiewohg parameters: biomass production (dry weigids
determined for all the species; in marigold flomember/plant, foliage diameter, plant height weeorded.
The growth of radishes was expressed as diametiedrgrweight of the roots.

Statistical analysis



The data were evaluated by one-way ANOVA (P<0.0&8)owed by the Tuckey test for Multiple

Comparison Procedures.

Results and Discussion
Characterization of the materials
Some of the characteristics of the compost andyslaahd the derived materials are reported in tabtes3.
According to the organic carbon (> 20 %), and tid €atio (< 35) the composts (Table 1) should b#iwi
the requirements of the standard UNI 10780 (19@8be allowed in cultural growth media (type B). Qe
other hand, the salinity of all composts but CGSBlightly above the limit required by the standés@
meqg/100g). The digestate (SSOD), although exhipiinhigh C and N content, should not be adapted for
application in growth media because of its veryhtsglinity.
During the separation process, most of the orgawaterial was extracted as soluble fraction (Tablevlale
the insoluble fraction (Table 3) was largely inargaas indicated by the low C content. The extaarcti
process provokes an increase of salinity of boghfitictions.
Germination index
Determination of the germination index is one ad thost commonly used compost maturity test. Differe
methodologies are reported in literature for thlEsay including assessing compost extracts, diesttisg in
compost, planting in a potting media containing post, and using a variety of plant species (Aslaral.e
2008). In this work we used the recommended methfothe standard UNI 10780 (1998) based on the
evaluation of the germination of seeds lofsativumin contact with aqueous extracts of compost. The
standard includes a classification of the compoaltted to germination index: values above 70 %catd
that the compost is mature enough to be used iwtgranedia (type B compost) while the limit for fiel
application is 40 % (type A compost).
The germination index of. sativum(table 4) for the four composts and the digestets below 40 %
therefore none of these materials fulfil the regunents of the standard. On the other hand, varrabfgmnses

of different seeds in germination bioassays hawnbeported (Komolis and Tziouvaras, 2009; Marchiol



al., 1999) and.. sativumis known to be a sensitive species, therefore le@ @nducted the test & alba
andR. sativusseeds. The germination indexes of these speciesal@se to 40 % in the case of the compost
CGD, while no relevant improvement took place ia tither cases.

Some of the soluble fractions gave germination xede(table 5) higher than the corresponding sgrtin
materials. Values above 70 % were obtained by C8D 8nS. albaandR. sativusand above 40 % by CGS
SBO onL. Sativum

Very low germination values were obtained for theoluble fractions of all the tested materials |@ah)
suggesting that they should not be used in agu@llpplications.

The conclusion of the germination assay, conduotedhree different plants, was that most of théetks
materials should be phytotoxic. Phytotoxicity isially due to the presence of compounds such as ammo
salts, heavy metals and/or organic acids in theposiextract (Komilis and Tziouvaras, 2009). Thisreo
simple explanation for the phytotoxicity of the texs materials, except for the digestate SSOD aed th
corresponding soluble and insoluble fractions exihidp a very high salinity. On the other hand, CGBO
exhibited a higher salinity but was less phytotakian the corresponding starting material configninat

high values of this parameter do not always coutelio the phytotoxicity.

Plant growth experiments

Although the germination bioassays provide impdriaformation, they do not give a fully comprehesesi
description of the toxicity of sewage sludges/costpo(Benitoet al, 2005, Oleszczuk, 2008). This is the
reason why we also tested the materials for thamacity to substitute part of the peat in plantwgho

experiments, notwithstanding the indications oftptgxicity given by the germination index.

Growth of T. patulgdmarigold)
Growth of marigold, assessed in growth substrategdnwith some of the studied materials, is repbite
table 7. The compost CGSD, the digestate SSOD landdluble fraction of SSOD SBO have promoted the

growth of the epigeous part of the plants at lenelssignificantly different than that of the casitrThis is in



contrast with the information given by the germioatassay (table 4 and 5) indicating that theseerizds$
were highly phytotoxic.
In contrast, the performance of the insoluble fracCGSD 10l was minor in terms of number of floveand

height of the plants. The insoluble fraction 0SSIOR inhibited completely the growth of the plants.

Growth of R. sativugadish)

The results obtained in the outdoor and greenhexperiments are reported on Tables 8 and 9 respbcti
The results are expressed as dry weight and diawietiee roots.

The composts CGSD, CGD and the digestate SSODdiaee results not significantly different than teasf
the control. The roots of the radishes grown onctimapost CG exhibited the same diameter but a eigtw
twice that of the plants grown on the commercidisstate attesting for the better quality of theishds. CGS
promoted the growth of the roots in terms of boimeahsion and dry weight. Therefore, addition of the
composts and digestate to the commercial substadtenly did not provoke any phytotoxicity symptdmt,

in some cases, improved the performance of thetrsi®sn terms of dimension of the plants. Theseilte
are surprising since all the materials but CGDbithd the radish seeds germination (table 4).

All the tested SBO (table 8 and 9) have given tessimilar to the control in terms of size of tl@ts but an
effect on the weight of the roots was observededdmg on the materials: no effect for CGS SBOese
for SSOD SBO and remarkable increase (about twice)CGD SBO and CG SBO. This last result is
promising since it should affect positively the bjyeof the food. Also in these cases, the growtperiments
did not reflect the information given by the geration index orR. sativusexcept for CG.

The insoluble residues (IOR) deriving from CGSD,$&GD and CG promoted the growth of the roots at
levels not significantly different than those o&tbontrol plants. The digestate derived soliddesi(SSOD

IOR) was toxic foIR. sativusas observed for marigold.

S. oleracedspinach)



All the tested materials and their soluble and luisle fractions have promoted the growth &bleracea
leading to dry weights higher than that of the oointtable 10). Because of the large variabilitytioé¢ data,
the weight of the plants was significantly highea that of the control only in the trials condadctath CGS

and CGD.

Conclusions
The trials conducted under hail screen in summdruarder green house in autumn on three differaritpl
demonstrate that the composts (green or mixed)tleadligestate from a biogas production can be anixe
with the peat-based classical growth medium withiedticing the quality of the production. Moreovsme
of these materials have promoted the growtR.cativusandT. patulaat levels higher than the control trials.
Also some of the soluble fractions (SBO) of thetstg materials have given promising results, esgdy
promoting the growth oR. sativus.The main effect was an increase of the dry weadlthe roots, therefore
an increase of the quality of the radishes.
As far as the insoluble residue was concerned, SEI®Owas highly phytotoxic. In contrast, the indaki
fractions of CG, CGS, CGD, and CGSD allowed a ghowof the plants similar to that of the commercial
substrate indicating that these materials can gutesthe peat in growth media. Since these mdseaiee by-
products of the production of SBOs, their good @enfance suggests that they could be used in the
production of growth media or as field fertilizers.
The good performances in pot experiments of nedtlghe tested materials, of their soluble fracsioand in
some cases of their insoluble fractions are inreshtwith the information given by the germinattest. This
test indicated that the extracts contained wat&rbé® toxic compounds at concentrations high enotoagh
inhibit or reduce the number of germinated seedsthe dimension of the radicle. In pot experimetitese
toxic compounds are likely leached away or boundh® solid phase, therefore they do not affect the

development of the plants.
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TA

BLE 1.

Main characteristics of the starting materials

pH

TOC

N C/N Salinity  P,Os (%) K (%)
(%) (%) (meq/1009)
GC 7.3 22.4+0.4 1.91+0.03 11.7 98.4 0.39+0.021.18+0.07
CGD 8.2 27.1+0.8 2.45+0.07 11.1 124.9 0.75+0.051.09+0.03
CGS 6.6 22.940.3 2.36+0.06 9.7 87.0 0.92+0.07 1,02+0,04
CGSD 7.7 24.4+0.2 2.25#0.11 10.8 23.1 1.30+0.221.32+0.03
SSOD 8.2 30.0+0.2 3.81+0.12 7.9 518.6 3.27+0.150.53+0.03
Mean of 3 replicates + SD.
TABLE 2.
Main characteristics of the soluble fractions (SBO)
pH TOC N C/N Salinity P,Os K
(%) (%) (meq/100g) (%) (%)
GC SBO 8.2 38.3t0.1 4.01+0.03 9.5 288.7 0.53+0.053.59+0.21
CGD SBO 8.8 37.5+0.0 4.89+0.03 7.7 278.2 0.84+0.043.76+0.07
CGS SBO 8.7 37.3t0.4 4.80+0.07 7.8 284.9 0.85+0.003.54+0.02
CGSD SBO 8.2 35.5+0,1 4.34+0.17 8.2 154.1 1.44+0.035.49+0.04
SSOD SBO 6.4 45.1+0.1 7.87+0.12 5.7 446.8 1.14+0.109.15+0.06
Mean of 3 replicates + SD.
TABLE 3.
Main characteristics of the insoluble fractions RO
pH TOC N C/N Salinity, P,0s K (%)
(%) (%) (meg/1009) (%)
GCIOR 8.7 18.4+0.7 1.15+0.09 16.0 160.4 0.37+0.021.49+0.02
CGD IOR 8.9 22.1+0.2 1.64+0.01 135 529.4 1.14+0.182.13+0.06
CGS IOR 9.3 23.0+0.8 1.57+0,06 14.6 324.5 1.05+0.042.41+0.06
CGSD IOR 8.3 11.740.2 1.02+0,05 11.5 24.2 0.53+0.051.32+0.02
SSOD IOR 7.7 27.7+0.1 1.80+0,05 154 678.4 2.75+0.033.44+0.05
Mean of 3 replicates + SD.
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TABLE 4.
Germination index (% + SD) of the starting matevial

L. sativum S. alba R. sativus
GC 16.0a + 15.87 6.9b +2.31 3.7b+ 4.88
CGD 9.4a+11.83 42.9a + 14.00 37.5a + 25.92
CGS 23.9a+ 17.62 2.3b+ 1.66 1.2b+ 1.41
CGSD 0.6a+ 0.19 1.3b+ 0.35 0.6b + 0.09
SSOD Oa+ 0.00 Ob +0.00 0.1b £0.03

Within columns, values followed by the same le#tier not significantly different, P < 0.05.

TABLE 5.
Germination index (% + SD)) of the soluble frac8q$BO).
L. sativum S. alba R. sativus

GC SBO Ob+0 9.1b +3.87 7.9b +10.12
CGD SBO 33.8ab +21.30 83.0a £ 37.34 79.0a £ 36.23
CGS SBO 63.8a+ 37.73 15.4b +1.33 2.8b+2.44
CGSD SBO 0.25b +0.11 Ob £ 0.00 0.5b +£0.17
SSOD SBO Ob +0.01 Ob +0.00 0.2b +£0.12

Within columns, values followed by the same le#tiexr not significantly different, P <0.05.

TABLE 6.
Germination index (% SD) of the insoluble fracsBqiiOR).

L. sativum S. alba R. sativus
GC IOR 6.8a + 3.60 2.5c £ 3.44 4.3ab +7.46
CGD IOR 3.1a+5.32 24.1a +5.54 15.6a + 7.09
CGS IOR 6.5a+8.71 13.5b +8.81 4.9a +8.52
CGSD IOR O0a + 0.00 Oc £0.00 Ob £ 0.00
SSOD IOR 0a+0.00 Oc £ 0.00 Ob +0.00

Within columns, values followed by the same le#tiexr not significantly different, P <0.05.



TABLE 7.

Characteristics of . patulaplants grown on the substrate mixed with diffengastes originated materials.

control CGSD SSOD CGSD SSOD SSOD
IOR SBO IOR

Diameter (cm) 23.7a+1.30 23.2a+1.64 23.7a22.820.6a+2.28 21.9a+2.33 nd
Flower number  18.8ab +£3.90 20.0ab+2.74 21.28%5. 12.8b+3.70 19.2ab4.15 nd
Height (cm) 22.0a+£2.00 20.4a+1.14 21.2a+2.3952b+1.92 19.6a+1.95 nd
Dry weight (g)  10.8a+1.14 11.3a+0.96 11.9a982 8.7a+0.87 9.2a+2.23 nd
nd = growth inhibition; within rows, values followdy the same letter are not significantly diffearéh
<0.05.

TABLE 8.
Size and weight dR. sativugoot. Outdoor experiment.
control SSOD CGSD SSOD SBO SSOD IOR CGSD IOR
Diameter (cm) 3.5ab +0.5%4.1b + 0.58 3.4ab +0.44 2.9a+0.86 nd 3.2ab +1.25
Dry weight (g) 0.8a+0.36 0.7a+0.10 0.6ab + 0.220.3b + 0.25 nd 0.78a+0.16

nd = growth inhibition; within rows, values followeby the same letter are not significantly différdd <

0.05.
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TABLE 9.
Size and weight dR.sativugoot. Greenhouse experiment.

control CGS CGD CG CGS SBO CGD CG CGS CGD CG
SBO SBO IOR IOR IOR

Diameter 2.6ad + 6.0bc 3.8acd+ 3.6acd+ 4.5ad+ 5.lacdz 5.6ad+ 4.8acd+ 3.0acd+ 2.2a =+
(cm) 0.44 +1.03 0.69 0.05 1.06 0.58 0.80 0.73 0.67 0.86

Dry weight 1.7ac+ 3.4bd+ 3.1labd* 3.4bd+ 3.0abcd+ 3.6bd+ 3.8b+ 2.4acd+ 2.0acd+ 1.3c=*
(9) 0.29 0.87 0.65 0.96 0.25 0.63 1.07 0.54 0.83 0.42

Within rows, values followed by the same letter moé significantly different, P < 0.05.

TABLE 10.
Dry weight of the leaves o6.oleracea

control CGS CGD CG CGSSBO CGD SBO CG SBO CGS IORGD

Dry weight (g) 0.9a % 0.19 2.9b +0.76 2.9b £ 1.02 1.3ab + 0.74 1.6ab % 0.58 1.9ab + 0.65 2.4ab + 1.26 2.3ab +0.61 2.4abz

Within rows, values followed by the same letter mpé significantly different, P < 0.05.
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