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Refuse derived soluble bio-organics enhancing chlorophyll yield, growth
and productivity for tomato plants.
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ABSTRACT

A municipal bio-refuse (CVD), containing kitchen st@s, home gardening residues and public park
trimmings, was treated with alkali to yield a sd&ibio-organic fraction (SBO) and an insoluble des!.
These materials were characterized by elementisasgpotentiometric titration, and 13C NMR and IR
spectroscopy, and then applied as organic fentdixe soil for tomato greenhouse cultivation. Their
performance was compared with a commercial prodbiztined from animal residues. Plant growth, fruit
yield and quality, and soil and leaves chemical position, were the selected performance indicators.
The SBO exhibited the best performance by enharesnges chlorophyll content, and improving plant
growth, and fruit ripening rate and yield. No puotiperformance-chemical composition relationship
could be assessed. The SBO solubility and photdszng properties appeared the main parameters
connected to its superior performance as tomatatgrpromoter.

"Corresponding author. Tel.; +39-333-3500522; fa9-031-2367597
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1. Introduction

Soluble substances of biological origin (SB&Jated from urban biowastes (UBW) of different
composition and aging conditions have been rep¢Mehtoneri et al., 2011) to have promising
performances as chemical auxiliaries for a numbé&eahnologicabpplications in the chemical industry
and in environmental remediation. These resultspleal with the easy, virtually no cost, availalyilitf
UBW offer scope to develaqustainable products and processes from bio-refuselustrial and
commercial level.

The above SBO have been shown to have chesimaérities with natural soil-organic matter. They
are described as mixtures of macromolecules witlght@verage molecular weight (Mw) values ranging
from 67 to 463 kg mél and number average molecular weight (Mn) yielgintydispersity index values
(Mw/Mn) in the 6 to 53 range (Montoneri et al, 2010 hese macromolecules contain several functional
groups and C types of different polarity: i.e. ladgphatic C chains substitued by aromatic rings an
several functional groups as COOH, CON, C=0, PhO#dlkyl, OAr, OCO, OMe, and NRR’, with R
and R’ being alkyl C or H. These chemical featuetermine their behavior as surfactants and/or
polyelectrolytes. The most recent data publishe®&®0O indicate that their chemical composition
(Montoneri et al., 2011) and physical-chemical grbies (Montoneri et al., 2010) vary over a widega
as a function of the composition and aging condgiof the sourcing bio-refuse. Thus UBW, by virtiie
their variability due to biological factors andadtment types, may provide a wide range of bio-based
products differing for chemical composition andgedies and, therefore, may potentially be used in
place of or in conjunction with commercial syntkethemicals for a large variety of uses. Expglora
of other fields of application for SBO seems & fhoint a worthwhile effort to undertake in order
evaluate the full potential of UBW as sustainagarce of chemicals to replace or reduce the use of
synthetic chemicals.

One application of the above SBO which hasbeen reported is in agriculture. Eco-friendly

agriculture has been a new trend to ensure subtaipeoductivity and conserve environmental quadity



soil and water, reduce pollution, recycle orgaemources, and produce safe foods (Dorais, 2007).
Indeed, synthetic chemicals have been dumped aonisty over years and have made the land infertile,
leading to yield losses. Bio fertilizers have beeasn ideal substitute for chemical fertilizers for
conditioning the soil fertility and to maintain thgro-ecosystem. Investigation of the performanice
SBO for these purposes seemed highly worthwhiteeéauthors of the present work in view of the
relevant share of the agriculture market for cloatsiand of the expected world demand increase fo
fertilizers (Freedonia Group, 2011), particulardy brganic agriculture (Dorais, 2007), of the pigsi
effects in agriculture reported for similar subsesisolated from peat (Béhme, 1999; Hoanf,g et al.
2001) or other sources (Atiyeh et al., 2002; Valdriet al., 1996), and of the market price oftfeesed
commercial products (Montoneri et al., 2011) ratpdo 10-15 $ kg. These facts pointed out a rather
high stake for investigating SBO as growth promsote soil activators in agricultu(@orais, 2007),
either from the economic and the environmental fpafiviews. In essence, extending the range of
applications of these substances to the agricuthandket offered the perspective, in case of teaigichl
transfer of the research results to industrial @mmercial level, to attain a net revenue from SBO
production and sale up by 10 xs more than that@gpgdrom their use in the chemical technology and
environmental remediation.

Investigation of SBO in this work requirediffetent approach from the above referenced work
reporting their technological applications in themical industry and in environmental remediatian.
the latter cases the need to undertake a chemmmeggs for the isolation of SBO from its sourcingttar
was justified by the need to have a water solulbelyct. For agriculture use, the product soluhility
although desirable, did not appear strictly neagssiacritical to attain the desirable effect oamt
growth. Previous work on similar substances isdiftem peat or other sources has not specifically
addressed this point. Raw UBW are known to corttamic-like substances, which although insoluble or
not readily soluble, may still contribute amelidoatof soil properties for agricultural purposes.
Composted UBW added to soil have been reportedng Bbout significant changes of the

physicochemical parameters of soil (Adani et &1Q2), such as cation exchange capacity and N and
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organic C content, which may improve soil fertil{fgerrer and Gupta, 1983; Haber, 2008). Based on
these considerations, an experimental plan wagesdifor the present work to test the performatrice o
SBO as aids in greenhouse cultivation of tomate, @fithe most important vegetables with a yearly
world production of 130 million tons (Bingging, PO; Growtomatoes.com, 2005).

The experimental cultivation plan in the preésgork was performed in a private farm located in
south-east Sicily, Italy, where greenhouse irsti@ihs have contributed since 1950 to develop
horticulture production and export throughout Ewand, thus, to raise greatly the social and aoano
level of the local population. For the experimemtain, a readily available composted UBW in
metropolitan areas was digested as previously tep¢Montoneri et al., 2011) with alkaline water t
yield an SBO solution which was allowed to settledrder to separate from the insoluble organiciues
(IOR). All materials, UBW and its SBO and IOR friacts, were characterized for their chemical nature
and tested for effects on tomato plant growth famid quality and yield by comparison with a
commercial product (RCP). This latter product, dedifrom animal wastes, was normally used in the
hosting farm with the intent to supply soil in ongafield-vegetable production where high nutrient
demands must be covered within relatively shoriogs(Dorais, 2007)As one concern in using the
above bio-refuse derived material in agriculturghmie their content of trace metals for poténtia
ecotoxicologic effects (Dorais, 2007; Ferrer angpta, 1983; Haber, 2008; Gallardo-Lara et al.9)99
both soil and leaves were analyzed for these eltsmBme results of the agriculture tests were analyzed

against the chemical nature and properties of thiemals applied to the soil.

2. Materialsand M ethods

2.1. Starting materials and chemical characteriaati

The compost, hereinafter referred to by the GdBbnym, was supplied by Acea Pinerolese Industria
SpA, Pinerolo (TO), Italy in October 2009. This quemy has a urban waste treatment plant performing
anaerobic digestion for 14 days of the organicidumnaction of urban refuse (FORSU) obtained by

separate source collection practice to yield biayasdigestate (FORSUD) containing residual



lignocellulosic material. To obtain CVD, FORSUD was<ed with gardening and park trimming
residues (GR) at 33/67 w/w FORSUD/GR ratio and costgxd for 110 days. Composting took place in
1.5 m high piles laid over a 3x7(Pmrea. During the first 21 days the pile was turoece a week and
reached temperature up to 70 °C. Afterwards, thid sssidue was aged for 90 days and turned ong¢y on
more time at the 75th day. The product was idettifiy the supplier code 96 P09 MO5 at the August
2009 production date. The SBO in 10 % w/w yield #re IOR materials were obtained using a pilot
production facility comprising a 500 liter capacigactor which operated according to a previously
reported procedui®lontoneri et al., 2011). Thus, CVD was treatederrstirring with alkaline water at 4
ml g* liquid/solid and 0.02 w/w NaOH/CVD ratios at 60 fi 4 h. The reaction mix was allowed
settling to separate the supernatant liquid comtgithe SBO fraction from the solid IOR residughe

IOR residue was washed once with fresh water at@ hadded water/IOR ratio. The total collected
liquid phase was centrifuged to separate fine qudidicles. The recovered SBO solution and IORdsoli
products were allowed to concentrate and/or dueimtilated oven at 60 °C to yield the analyticdles
reported in Table 1. The reference commercial pto(RCP) was supplied by the farm (see 2.2) where
the cultivation trials were performed. This produairmally used in the farm soil treatment, was
declared by the supplier to contain meat, boneaaimal blood medDorais, 2007). It was found very
poorly soluble in water. All products were chaeaited for their chemical compositions by the
analytical data reported in Table 1 obtained byhoé$ and instruments previously described (Monioner
et al., 2011).

2.2 Set up of cultivation trials.

The cultivation trials were carried out in Bambuzza farm located along the sea shore in Batea
in the province of Ragusa, Italy, starting fromvdmber 2009 through August 2010. The farm soil was
identified sandy according to its texture analys@arse sand 7992.5% w/w, fine sand 5.2 0.7 %
wiw, silt 10.6x 1.8% wi/w, clay 4.2t 0.4% w/w. The experiment was set up as a completely
randomized design with 3 replications. The soilered by greenhouse was divided into 15 parcel$, eac

covering 25 msoil surface. The parcels were arranged randoobettreated as follows: 12 parcels with



the four products listed in Table 1, each testettifpticates, and 3 control parcels not treatece Test

plant seedlings were transplanted to the field oméxhber 6, 2009 in all parcels in sets of doubvesrto
have 3 plants per square meter (Ho, 1984) at 38istance from each other along the single row,
whereas the distance between rows in each singlease50 cm and the distance between sets was 150
cm. The hosting green house fabricated with 0.15thok polyethylene sheets supported by cement and
wood was equipped with automatic watering and nainfertilizer dispenser. The soil was treated
according to the protocol adopted by the Gambuaaa fn their normal cultivation activity for
commercial tomato production, except for the addivf CVD, IOR and SBO in place of RCP. Thus, all
parcels had the following basal mineral fertilipat{Dorais, 2007; Chapagain and Wiesman, 20045 P
60 kg ha" supplied as mineral ammonium phosphateQ K00 kg h# supplied as potassium sulfate.
This was followed by the addition of the produstédd in Table 1 intended to contribute organic enat
soil, and then by tomato seedlings transplantingpli&ation of organic materials, following mineral
fertilizers and before transplanting, is an impottpractice for restoring the fertility of soil byproving
its structure, maintaining the level of organicr@d, and controlling the microflora. Under normal
practice conditions at the Gambuzza farm and irother farms located in the same area, the amdunt o
RCP supplied to the soil was intended to contriiute1.2 ton ha of organic matter and about 130 kg
ha'of N as reported in literature for tomato plantkication (Dorais, 2007). Thus, based on the
chemical composition data in Table 1, different amte of CVD, IOR and SBO were supplied to the
soil in order to guarantee the same o0.m. applioatate contributed with RCP. The experimental plan
covered the whole production time from tomato segdransplanting in November 2009 through
harvesting in June 2010. Over this time, soil atign was performed with the drip irrigation systéto,
1984) to supplement the natural soil water and ralrdepletion and fulfill the plant needs over ghant
growth and production cycle. To this end, the aljpivesphate and sulfate products were used in
conjunction with a mineral nitrogen fertilizer caiing 32.4 % total N as nitrate, ammonia and urea
1:1:2.5 ratio. The frequency of irrigation dependedveather conditions and was the same for dll tes

parcels. Irrigation was performed approximatelyrgu®-15, covering the whole crop production cycle,



to provide different N/K ratios depending on thamilgrowth/production stage; i.e. 1:3 N/K from
transplanting to flowering N to encourage planwigning, 1:2 N/K at beginning fruit-setting of theuirth
cluster, then 1:1 N/K after the start of fruit nipeg to promote leaf development. Throughout thaen
crop cycle the total amounts of supplied nutriemse at about 0.80 N ton hand 1 K ton ha level.

The plants were pruned in early March in ordentdp y¥egetative growth and enhance fruit production.
Thus, monitoring of the plant biometric data endethe same date. Soil, plant, leaves and fruite we
analyzed at time intervals for chemical and phydeatures. Results are reported only for surveys
performed at dates where significant differencesevieund relatively to the previous survey.

2.3 Plant and harvest analyses and measurements.

Four plants in the center row of each parcebvsampled. Considering the three replicates per
treatment, values for each treatment reported ihafter are averages of measurements performed over
12 plants (3 replicate plots and 4 plants per capdi), unless otherwise indicated. Out of eachtpfan
floor or fruit clusters were sampled. Thus valugsorted in Tables 4 and 5 are averages of measateme
of 48 floor-fruit clusters. Plant height, brancligmeter and inter-nodes length were measured at
different dates from seedlings transplating. Fa@hgalant, internode length values were calculated a
averages of the measurements performed on thédinstonsecutive internodes. Plant vigor was \igua
evaluated. Vigor was rated by an arbitrary indedescanging from 1 (not vigorous plant) to 9 (very
vigorous plant) established by the evaluators pemestituted by three local agriculture experts.
According to this scale a plant very vigorous igimore-than-optimal nutrition; on the contraryct
vigorous plant is a barely fed plant. The leavdsrophyll content was measured by means of a plerta
SPAD-502 Minolta chlorophyll meter. Fruits were Baad immediately after harvesting. Fruits total
soluble solids, titratable acidity, pH, electricahductivity and firmness were measured accortting
established proceduré€hapagain and Wiesman, 2004; Thybo et al., 208@es)and Scott, 1983; Carli
et al, 2011; Mata et al, 2000; Unli et al, 201 Dtal soluble solids (TSS) were measured on tomade j
samples extracted from fully ripe fruits using adtdneld digital refractometer Model HB 32 ATC,

ERREPI, Solarolo (RA), Italy. The fruit titratabdeidity and pH were determined on the whole fruit



homogenate water suspension. The fruit titratatilditst (as % citric acid) was determined by titoeti
using standard 0.1 N NaOH solution in the presef@henolphthalein as an indicator. The pH was
measured using Hanna pH 211 pH meter. Conduciiaty measured by conductivity meter Jenway
4200. Firmness was determined by means of mod&2FBertuzzi, Italy, fruit pressure tester.
Measurements were taken from the opposite cheedaabf fruit (skin removed). The maximum force
required to reach the bioyield point was recorded.

2.4 Soil and leaves analyses.

Soil samples were taken at 0-30 cm depth at theisdtovering the crop production cycle from start
to end. Four samples per parcel were taken and ¢penwed. The homogenized sample was analysed in
triplicates according to the official methods foil@nalysis issued by the Italian Ministry for Agulture
(Ministero per le Politiche Agricole, 1997 and 199Bhe pH and electrical conductivity were deteredn
in water at 1:2.5 solid/water ratio. Microanaly$asC and N content were performed on 0.5 mm sieved
samples. Analyses were performed for exchangeaiilens, held on negatively charged soil sites, and
assimilable nutrients, i.e. those which may be diEbby the roots. The assimilable P concentratias
determined colorimetrically (phosphomolybdic comxpjeafter NaHCQ extraction. The assimilable Na,
Mg, Fe, Zn, Cu, and Mn concentrations were meashyedtomic absorption spectrophotometry after
ammonium acetate/ethylenediaminetetraacetic a¢rdaion. The exchangeable K, Ca, and Mg
concentrations were determined by atomic absorgi@ctrophotometry after Ba(xtraction. The total
silicon concentration has been measured by hotralination with concentrated HNO3-HF (1:3, viv
leaves were also sampled at the start of themmguction and at the full production time For eptdt
10 plants were selected to sample complete Igpeti®le and flap). The sampling was performed by
taking the 4th-6th leaf down starting from the plapex. The leaves were taken from both sideseof th
plant to avoid possible effects due to leaves taigm. The samples were analysed according to
literature (Gallardo-Lara et al, 1999; Uni, 1998)and N contents were measured by elemental asalys
The total P concentration was determined coloriicedty (phosphomolybdic complex), after hot

mineralization (HCIQ-HNO3). The total Na, K, Mg, Fe, Zn, Cu, and Mn concatibns were determined



10
by atomic absorption spectrophotometry after hataralization with HN@. The total B concentration
was determined colorimetrically (azomethine-H mejhan the calcined sample. Soil and leaves samples
were analyzed in triplicates for each treatmenéalments were compared for their average values by

Anova analysis of variance and Student test.

3. Results and Discussion

3.1 Chemistry of materials applied to soil.

The UBW sourced materials investigated in wnisk are products of biological origin with quite
complex chemical compositions. Assessment of ttemical nature is difficult, owing to the broad
distribution of molecular weight and to the contehimany organic moieties from the main constitsent
of vegetable matter which are not completely milezd by biodegradation. They are normally analyzed
for their content of organic matter (0.m.) obtairien the weight loss after calcination at 650 fit&ir
C and N elemental analytical data, and their oiaroieties and functional groups content obtainged b
13C NMR spectroscopy (Montoneri et al, 2011). Adtberganic matter in these materials can be
virtually represented by molecular fragments sucthase shown in Fig. 1, where aliphatic and arammat
C moieties and functional groups can be variedt tanfalytical data.

Tables 1 report chemical data for the compo¥D) of a 1: 2 w/w mix of kitchen waste left ave
organics after anaerobic digestion and fresh \adgetesidues, and for the SBO and IOR fractions
recovered after CVD alkali digestion (see 2.1).eDate also reported for the commercial product used
this study for comparison, i.e. RCP of animal ari(gee see 2.1). All these materials are confirtned
contain both inorganiand organic matter (Table 1). Compared to their@ong CVD material, SBO and
IOR have lower (29 %) and higher (62 %) ash costezgpectively. This shows that the alkaline
extraction process allows some selectivity in safiag the starting inorganic matter from the organi
matter, to yield the soluble fraction with relaliwé@igher organics, and coherently the IOR fractionth

poorer organics content than CVDable 1 also shows that 0.m./C and C/N ratios @momgly affected by



11
the alkaline treatmentThe 0.m./C ratio values varying between 1.5 addritlicate a significant
chemical composition difference among the inveséd materials. The higher N/C ratio for SBO
compared to CVD and IOR indicates that the alkatieatment of CVD allows to concentrate the CVD
starting organic N in soluble form as SBO. By congmn, RCP has the highest N/C ratio. This points
out a strong difference in chemical constituentsvben RCP and the other three CVD, SBO and IOR
materials, due to their different.

Table 1 reports also some useful data relatélge organic matter and its fate determined ftioen
reaction of CVD with alkali. It may be readily olbged that, compared to CVD and IOR, SBO contains
more aliphatic and aromatic C, much higher carb&gnd much lower O-R C. These data are
consistent with soluble substances formed followigdrolysis of CVD organic matter. The O-R C
shown in Table 1 is likely to be contributed by R@kd RCO(OR’) moieties. Following hydrolysis of
ester functional groups in CVD, RCO(OH) and R’OHdtional groups are obtained. The results are
then likely to indicate that the RCO(OH) molecutagments are soluble and become components of
the soluble SBO products, while R'OH are insolubl@ecular fragments constituting the 10R fraction.
This latter product contains therefore the memasfesther linkages in the CVD organic matter which
resist hydrolysis under the alkaline treatmentrti@ar support to the above interpretation was abthby
IR spectroscopy. The IR spectra in Fig. 1a extsbiteral broad bands which are assigned according to
literature (Montoneri, 2005; Smidt, 2007) to bowdsration involving theelements or functional groups
listed in Table 1, i.e. the band at 3422t total O-H and N-H bonds in NHRCONH, ArCONH,
COOH, ArOH, ROH functional groups, the band aB82@m’to aliphatic C-H bonds, the band at 1540-
1750 cmi'to C=0 bonds in carboxylic acid or salts, amide esigr functional groups, the band at 1380
cm’to aromatic skeletal C=C bonds, the band at 10@®t2i*to C-O bonds in ether, phenol and ester
functional groups and to M-O bonds with M = Si artlder metal elements. The most significant
detectable differences in the spectrum of SBO coetphto CVD and IOR are (i) the change of the C=C
to C=0 bands ratio (CVD 0.40, IOR 0.86, SBO 0.%&)the lower wavelength of the C=0 absorption

maximum (1595 ci for SBO and at 1648 chfor CVD and IOR) and (iii) the lower relative
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absorbance of the band falling at 1030"cifihese features are respectively consistent withd ii) the
higher content of carboxylate (RCQQ@roups in SBO and (iii) the lower content of nradeelements. To
validate this interpretation SBO was washed with Bi@ HF, as reported in the experimental sectmn,
further separate the organic matter from minerdtenalhe expected ash free product ($f8@ecovered
as insoluble material in the acid reagents, coathionly 0.8 % of mineral matter and accounted for
nearly 55 % of the organic matter content presetié pristine SBO sample. The remaining 45 %
organics and 99 % of starting mineral matter wetelde in the acid reagents. The data in Tablealvsh
that the C types and functional groups relative position in SBQ is quite different from that in the
sourcing SBO sample. The former shows more aroratparticularly phenol C, and less O-R C than the
latter. Consistently with the higher organics conteelatively higher concentrations of COOH and
PhOH functional groups in SBEompared to SBO were confirmed from data obtamed
potentiometric titration: i.e. COOH 3.42 meq and PhOH 1.87 meq'gn SBQy compared to COOH
3.17 meq ¢ and PhOH 1.03 meg'gn SBO. Also, in agreement with Table 1 data th©R/COOH
ratio in SBQ (0.55) was higher than in SBO (0.32). The diffeeebetween SBO and SBGhould not
surprise. Presumably, the HCI/HF washing alloviigréiner separation of the molecular mix constitgtin
SBO into acid insoluble molecules (SBQicher in phenol functional groups and acid stduholecules
relatively richer in aliphatic and carboxyl C.

The IR spectrum of SB@n Fig. 1 showing no clearly detectable absorptiand at 1030 crin
SBOy; validates the above assignment of this band to Mefs in the CVD, SBO and IOR spectra.
Other features that are strictly connected to titane of the organic matter in SR@re the well distinct
absorption at 1710 cfand the rather strong absorption at 1220 cihe band at 1710 chis assigned
to the C=0 vibration in free COOH functional gro¢fgverstein et al., 1991Jhe broad band peaking at
1220 cni'is assigned to phenols. Solid phenols are knowadnto absorb at 1390-1330 ¢rand at
1260-1180 cri, with the long wavelength band being strongera essult of the interaction between O-
H bending and C-O stretchif8ilverstein et al., 1991). Consequently, sinceGEOH C=0 band is well

observed to fall at 1710 ¢hthe band at 1614 cthmay well be assigned to the vibration of C=0 kond
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in amide or amino acids functional groups. Theszspl features clearly distinguish the SB&pectrum
from that of its sourcing SBO matter. The higtensities of the bands due to free carboxylidsci
amide and/or aminoacids, and phenol functional ggabserved in the IR spectrum of SBé&ye well
consistent with the high content of the same fonel groups reported in Table 1. It may indeed be
observed that COX and Ph-O C concentration vatluégable 1 are nearly the same. The data collected
on SBQ; further confirm that SBO solubility arises fronethydrolysis reaction performed on its
sourcing matter.

For the scope of the present work, chara@goa of the products inorganic matter was also
necessary. This was found mainly constituted by-&j,Mg, Fe, Al and alkali metal. However, for CVD,
SBO and IOR being new materials for use as soilnaiing agents for agriculture purpose, matter of
specific concern was their trace elements congert the fate of these elements in soil. For trasaoa,
Table 1 reports also the content of trace elemaritge above products. It may be observed that the
starting Cu, Zn, Ni and Pb elements in CVD parfenably into SBO rather than into the IOR fraction.
The data suggest that SBO has strong affinitylfesé¢ elements, particularly for Cu and Zn. Indezold
1 also shows that, at nearly equal product orgemaitter application rate to soil, the amounts of a@d
Zn contributed by SBO are higher than CVD and I@ORs fact might be connected to the higher content
of COO functional groups in SBO. Although these resulfsrafd intriguing perspectives for further
studies, investigation of the products bindingazaty for trace elements was beyond the scopki®f t
work.

3.2 Products Effects on Plant Growth, and Yield @mality of Fruits.

The experimental plan to assess effects of ,SB and IOR municipal bio-refuse products added t
soil as organic amending agent for the cultivabbritomato was carried out in 8 months, from Novemb
2009 through June 2010. This time covered theesptant growth/fruit production cycle (Ho, 1984)
from tomato seedling transplanting to plants groarnld flowering, and fruit setting, turning color,

ripening and harvesting. The test plgdlanum Lycopersicunwas a hybrid tomato variety for red
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cluster ripening harvest (Fig. 2Zipuch appreciated for its disease resistance amdgnaguctivity. It is
transplanted in autumn to express most of its it potential.

The cultivation trials were designed to mamthae soil treatment protocol of a typical largenh
producing horticulture products in south east $iske 2.2), except for the application of SBO,DCM
IOR to soil in place of the animal source derigedhmercial product (RCP) which was used routinely.
Table 1 reports products amounts applied to saGISBO was proposed in this work for its high
concentration of soluble organic matter, produpgdiad quantities were normalized with respectigirt
organic matter (0.m.) content in order to compheefour materials under investigation at nearlyatqu
o.m. application rate comprised in the 1.1-1.2hahrange. Supply of this 0.m. amount to soil was
normally practiced by the farms in the area wheeecultivation trials were carried out.

Several parameters connected to soil, plashfrait were monitored as indicators for comparing
products performance. Fig. 3 reports plant bioroetata calculated as averages of measurements
performed over 12 plants per treatment (4 plantsgg@icate) at different dates from seedlings
transplating. These data provide an assessme¢ @lants nutritional status. With reference toust
in three surveys performed in November and Decentberapplication of SBO was shown to lead to
good plant growth. Significant differences in platdature appeared already on November 17, elewen da
after transplating. At this date, 17.8 cm averdgetmheight was reached by the plants growing én th
SBO treated soil compared to 20 cm measured &plidnts growing in the untreated soil and to 16 cm
measured for all other treatments. In the two syset December surveys, the plants grown in the SBO
treated soil exhibited the highest stature, natisantly different from the plants grown in thateeated
soil, but significantly higher than in all otheesitments. Plant growth until March was furtherdaid
by monitoring the diameter of the main stem andntker-node length. According to the results shamvn
Fig. 3 these indicators seem to definitely provestperior effect of the SBO treated soil on ptaotvth
compared to the untreated and all other treatdgbamels. Consistently with the above biometatag
the plants grown in the SBO treated soil were alsmwvn to have greater vigour (Fig. 4) than thosevgr

in the control soil and by all other soil treatment
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Leaves were analyzed for the content of dmbyll and elements such as C, N, P, Na, K, Ca, iy,
Zn, Cu, Mn and B. These parameters bear complexactions, one with the other, depend on the status
of soil and affect the plant nutritional status #éinel productivity and quality of fruits. The prese of
chlorophyll is an index of photosynthetic activitfich is essential for plant life. Fig. 5 repoifte results
of the analysis of the chlorophyll content perfodmeonthly from February through May and calculated
as average of five replicates in SPAD units. It rhayeadily observed that the SBO soil treatmegitigi
plant leaves with the highest chlorophyll contemipared to the control and all other treatments
throughout the entire monitoring time span. At ldsg May measurements, the leaves of the plantmgrow
in the untreated soil had the lowest chlorophytiteat. Contrary to chlorophyll, no significant
differences ascribed to the soil treatment werealet for leaves elements composition in most cases
Leaves chemical composition data are discussedtailsl further in the text below together with soil
data.

Mostly important are the effects of the diéfet treatments on crop production rate and qualitg, to
the direct impact of these parameters on farm neeRrecocious fruit ripening allows the farmetyear
product sales and, thus, to benefit from the higlage price at the start of the seasonal markéleTa
reports the plant flowering-fruit production stagesasured in days from seedlings transplantingalt
be observed that SBO allows precocious start aftaies (see also Fig. 2a and b), resulting atevhol
ripening in a significant advance of 3-10 daystfa first harvest, 4-8 days for the second haraedt5-

8 days for the third harvest, compared to the cbaind/or the other treatments. Generally, thercbnt
and all other treatments did not exhibit significdifferences one from the other at all stagesepkn a
few cases. Table 3 reports production data. The 8&&@ment is shown to yield the highest per plant
fruit production amounting to 5.97 kg pldntThe reference commercial product (RCP) and ¢imérol
treatment yield apparently lower values, which hesveare not proven to be statistically differeminfr
the former one. The IOR and CVD treatments yielgdr production rates compared to the SBO

treatment. Indeed, commercial production was styoogyrelated with the number of fruits produced by
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each plant after subtracting the poor quality dided fruits; the IOR and CVD treatment gave thdbgj
percentage of not-commercial fruit and/or the lawest unit weight and per cluster number of fauit

Fresh tomato quality and consumer’s acceptabdgiy complex matter involving physicochemical
and sensory parameters connected to physical apuearfirmness and flav@orais, 2007; Thybo et
al., 2006; Jones and Scott, 1988though visual appearance is a critical factovithg initial consumer
choice, in subsequent purchases eating qualityrbesonostly influentiglCarli et al., 2011). For the
fruits harvested in the experimental plan of thagky no differences in physical appearance paramete
such as size and redness due to the differentreatments were evident (Fig. 2c). However, other
parameters (Table 3) connected to firmness andiflagvealed significant differences between fruits
Firmness, as measured by the resistance of thedrwithstand crushing pressure, allows fruits to
withstand mechanical impact and to have longelf §fee This parameter is particularly importarmrf
the fruit product handling in the early stagesaferting, transporting and pre-processing. Tomato
organoleptic features depend on its sourness tetaess ratigBingging, 2010). This dependence is
however quite complex. Tomato flavor, for instanisejefined by a wide range of interactions among
several physicochemical and sensory parametersamnituenced by plant nutritional regime, stage of
ripening at harvest, genotypic differences andremvnental conditiongCarli et al, 2011). The presence
of salts, as indirectly evidenced by electricalawctivity (EC) measurements, of osmotically effeeti
substances, measurable as total soluble solids) (@8& of carboxylic acids (mainly citric acid), as
evidenced by titratable acidity (TA) measuremeistsyell known to influences pH and the fruit taste
(Krauss et al., 2006). The main components of Ti@Sagars (fructose and glucose), while citric aid
mainly responsible for TA values. Thus TSS is adjimalicator of the sugar contdBingging, 2010),
and the TA/TSS ratio is frequently used as flanoleix. A high TA/TSS ratio should be associated to a
sharp acid flavor, presumably preferred (Mata e2&l00) by European consumers, while a lower
TA/TSS ratio should indicate a sweeter flat taste.

The data in Table 3 show no significant degferes in dry matter content of berries and eletric

conductivity of their juice due to the differentilsoeatments. Conversely, all the other qualitygmaeters
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appear affected by the soil treatment. Compareédeaontrol, all other treatments yield fruits withver
total soluble solids (TSS) content, although theimum value attained by this parameter still remaain
the range reported for several tomato vari€keauss et al., 2006; Carli et al., 2011; MatalgtZz900).
Particularly CVD and SBO gave the lowest TTS valddso, the SBO, RCP and IOR treatments seem to
cause a significant increase in the fruits pH camgdo control and CVD. The SBO and CVD treatment
however appear to cause the highest 0.11 acidi§/f&Tio, 22 % higher than for the RCP and IOR
treatments and 38 % higher than for the contrdl Ba@imness, the last parameter listed in Table 3,
appears lower in fruits grown in the SBO, IOR &P treated plots compared to the CVD and control
treatments. However no significant difference isveh for the SBO treatment compared to the RCP
treatment. The higher firmness of the fruits grawithe control soil could reflect the lower matyrof
these fruits compared to those grown in the otfeatéd plots and harvested at the same(limki et al.,
2011). The data in Table 2 show indeed that tonsate&ch full maturity at different times dependamy
the soil treatment. Except for the IOR treatmentt all other treatments the order of firmness abl€ 3
seems to follow the order of the fruits ripeniagerin Table 2.

Tables 4 and 5 report soil and leaves chemardlphysicochemical data. The importance of these
parameters and their relationships in soil anddeare reported in more details in the specialized
literature(Dorais, 2007; Pagliarulo, 2000). Generally howetherchemical analysis of leaves is an
indicator of the plant nutritional status and swihlyses are intended to provide guidance onltigya
of soil to supply plants with the elements prop@&dgential during the growing season. It shoulddvaw
be known that every element has a range of optoratentration beyond which the plant physiology and
nutritional status is adversely affected. As theepbal ecotoxicologic effects of the bio-refuseided
products used in this work was specific matterasfaern, in addition to plant and fruit biometricdan
production data, the following foliar and soil dai@ve been collected.

Table 4 reports soil analyses performed bedockafter treatment at different dates coverirg th
whole cultivation trial time. Anova analysis of exage values calculated over triplicate soil sampkr

each treatment indicated no significant differerm@®ng treatments in most cases. Thus, Table 4 data
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are reported as average values over all treatnagtite same sampling time, while specific diffess
between soil treatments are reported in Table B.failm soil was a sandy type one (see 2.2). As show
in Table 4, the sampling time elapsed after treatraad seedlings transplating affected signifigantl
many soil parameters. From February to June sagmfidecrease of pH, electrical conductivity,regfi
and depletion of C, N, Ca, Mg, Fe and Cu occurfée change may be caused by washing out these
elements due to the continuous soil irrigation andk the nutrients transfer from soil to plantsttoeir
needs. Few significant differences were howevegaled in soil chemical composition due to the
different treatments. Table 5 shows relatively BigNa content in all treated soil parcels compaoed
control soil appearing significant in the Februsuyvey. In the detection of early May, the plotated
with SBO and IOR exhibited higher N content tham dither plots. At the same date, the Mg and Zn
contents in the treated soil parcels were showpes/ely higher and lower than in the control shil
June, at the end of the crop cycle, all aboveedbfices caused by the different treatment relgtieethe
control soil appeared leveled out.

Leaves chemical composition are reportedHermhonths were the most significant differencesewer
detected, i.e. in February and May. As for mosapueaters no significant differences ascribed tcsthie
treatment were evident, the results are reportd@bie 4 as average values over the treated aritbton
soils vs. time. This appeared to be the parametbstlynaffecting leaves chemical composition. Detil
data for each treatment are reported in Table % fonlthe cases showing statistically significant
differences between treatments. Table 4 showgdialetion of C and N upon increasing the cultivatio
time appeared also in tomato plant leaves, asiintémvever, contrary to the changes observed il so
over the same time leaves showed decrease of R,ardl increase of Mg, Na, Fe and B concentration.
Changes in foliar mineral elements are known tauodaring fruit development in tomato plantee P
and K decreases in leaves have been reportedaochenpanied by increases of these elements in the
fruit (Chapagain and Wiesman, 2004). Specific differeinceleaves chemical composition due to the
different soil treatments are reported in Tablen8 ean be summarized as follows: (i) relativelydo P

content observed in February for leaves grown éncitmtrol soil compared to the other treatmeniy, (
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relatively higher P content observed in May fovesmgrown in the CVD treated soil compared to all
other treatments, (iii) relatively higher Fe coritebhserved in May for leaves grown in the contml s
and (iv) relatively higher Zn content in leaveswnoin the control soil and in the CVD treated soils
compared to all other treatments.

The collected soil and leaves data do notadipeculation on their relationship with plant gtbvand
fruit production. However, in relation to the paii@hecotoxicologic issue inherent to the bio-refus
products used in this work, it appears that CVDOS#d IOR refuse derived products do not seem to
cause important changes in the farm soil compardidet commercial product normally used in the farm
cultivation practice. Thus, the higher amountgaice elements contributed to soil by SBO (Table 1
does not seem to have any significant effect ferdfiemical composition of soil and leaves under the
experimental conditions of this work, and therefooeadverse environmental impact from these
substances may be assessed.

3.3 Relationship between product performance amanital compaosition.

The experimental data demonstrate that, althougigmoficant effect on soil chemical composition is
apparently observed by addition of the investigaediucts, SBO improves significantly plant growth
and fruit production in the cultivation of tomaterom the farm economic point of view, the most
important effect is the earlier fruit ripening (Tal2) and higher plant productivity (Table 3) indddy
SBO compared to the other treatments. These remuisar associated with the higher biometric data
(Fig. 3) and the higher leaves chlorophyll con{&ing. 5) of the plants grown in the SBO treated soi
and, therefore, presumably due to increased phatfostjyc activity in these planfRodriguez et al.,
2007). The capacity of SBO at very low concentratm promote photochemical reactions under solar
light for the abatement of organic pollutants fraqueous streams has already been demonstBasedto
Prevot et al., 2011). Thus, even if the soil totganic matter content does not appear to be ggnily
affected by addition of SBO, presumably due tdavs supply rate, some of this material, due toigger
solubility, must be readily absorbed by the plats from soil and transferred to leaves to exert i

photosensitizing property. Leaves, indeed, areidensd to be the primary suppliers of photosyntheti
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assimilates to frui{fHetherington et al., 1998). The enhancement ofqd#ymthetic activity caused by
SBO may be patrticularly desirable in cultivatiorsfprmed in high latitudes countries or under
conditions where the light environment is charasteally low(Dorais, 2007).

The SBO effects on the fruit ripening rate gedd do not seem to be accompanied by negative
changes on product quality. On the contrary, wpiicsic reference to flavour, the SBO treatmentisee
to yield fruits which, by virtue of the higher TASE ratio, should presumably meet European
consumers’ likegMata et al., 2000). As the products used in tifferdint treatment have been compared
at the same level of organic matter supply rateoib the superior performance of SBO is likelyo®
ascribed to the chemical nature of its organic enatt

Table 1 shows that the main chemical compwsitifference between SBO and the CVD and IOR
products is its higher content of carboxyl groupsCP however exhibits the highest content of caybox
groups, together with the highest content of alijgh@. Due to the animal origin of this producttethby
its supplier (see 2.1), proteins and fats (Wikipe@011) are supposed to be main contributotiss to
total organic C content. On the contrary, CVIBGBand IOR, having mainly vegetable origin, are
mostly constituted by lignin-like matter characted by higher content of aromatic C. The diffeeeimc
the chemical nature of the protein RCP and theohggllulosic CVD, SBO and IOR materials is well
consistent with the data in Table 1 and the IR spec Fig. 2. The aliphatic to total aromatic&io
(al/ar) data reported in Table 1 readily evidetlee relatively higher content of aliphatic C in RC
compared to the municipal bio-refuse products. Aigaer relative concentration of aliphatic and
carboxyl Cin RCP shown by Table 1 data appealisassociated with the higher relative intensitiés
the aliphatic C-H band at 2923-2845trand of the COOH C=0 band at 1745 texhibited by the IR
spectra in Fig. IThe absorption at 1745 ¢his typical of esters as in fats. Other main absomg in the
IR spectrum of RCP cover the 1400-1700"amnge due to the Nfibending and COGstretching
vibrations of protein matter. By comparison, TRespectra of CVD, SBO and IOR do not exhibit any
prominent and/or distinct absorption in the 1735@ 7' range where the esters band is expected to

fall.
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The available chemical data do not allowh&t time to assess a product performance-chemical
composition relationship. It has also been infiéirethe above 3.1 subsection that SBO is the solub
product obtained by the hydrolytic reaction perfedhon CVD. Solubility indeed seems the most ewviden
difference between SBO and the other CVD, IOR a@G® Rroducts. Whereas SBO was found soluble in
water at 10-11 % level, the other three productewweactically insoluble. It may then be assesbat
aside from or in addition to chemical compositisolubility is likely to have a main role in the placts
effects on plant growth and fruit production. Salityoin the present investigation appears evenenor
important than the content of organic N. Indeedienarganic N was supplied to soil with RCP (130dN k
ha') than with the same amount of SBO organic ma&@\ kg hd), although the latter is still within
the range of the required N amount for tomato eation(Dorais, 2007). Nevertheless, depending on the
used performance indicators, SBO has shown equatter performance than RCP.

Particularly interesting appears the effec8BfO to enhance chlorophyll formation in tomatanpla
leaves (Fig. 5). This effect allows to connecthieeewith observed SBO performance in agriculturté wi
the previously reported performance of the samebganic substances in environmental remediation
chemical technology. Previous work has in fact reggbthe photosensitizing properties of severaltsel
bio-organic substances isolated from yard trimmaagd/or food urban residues aged under aerobic
digestion for different time. These substanceseaf low concentration, have been demonstrated
capable to enhance photochemical transformati@e@wéral organic molecules, such as azo-dyes and
phenols (Bianco Prevot et al., 2011) under sotdatliThe observed effect of the soil SBO treatnent
enhance tomato leaves chlorophyll content mightdsamected with the same photosensitizing propédrty o
SBO. To the authors knowledge, this is a new petspeto guide the search for new soil fertilizers.
Many products from animal or vegetable source Heaen investigated as bio-fertilizers, and their
primary mode of action has been claimed to arism fthe presence of plant growth substances, acting
alone or in combination with other nutrients, pnageor enzymes componeifEdmeades, 2002hut the

photosensitizing activity has never been direatlgressed.
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While posing a number of questions on the ielahip between effects and product chemical

composition, this work certainly provides a pogtanswer to the issue set forth in the introduction
section, i.e. weather it was worthwhile to perfdhma hydrolytic reaction of compost matter to use th
soluble product in agriculture rather than usirgsburcing material itself. Nevertheless, for gopro
utilization of bio-wastes as source of soluble argafor use in agriculture, further studies amgureed to
assess source-product and product chemical cotigmeproperties-performance relationships. This
seems feasible in view of previous work reporting availability of soluble bio-organic substanagith
chemical composition and properties varying ovetide range depending on the sourcing refuse
(Montoneri et al., 2011). Similar products are lfkebtainable from agriculture residues such astpla
and fruit left over after harvesting. This offerenthwhile scope to carry on further cultivatiorats with
the above bio-organic substances isolated fromrualba agriculture residues to assess chemical

composition and dose effects and to develop batimatal and agricultural sustainability.

4. Conclusions

Refuse derived bio-organics (SBO) seem to hawamportant properties for use in agricultures.
solubility and photosensitizing activity. Theseperties are shown related to plant growth and frui
ripening rate enhancement. These findings bro#terange of applications (Montoneri et al., 20fbt)
SBO and confirm that development and/or optimaratf technology for cost-effective isolation of SB
is worthwhile and should be pursued to make biadtes viable sources of products to use in place of
synthetic chemicals. Due to their origin, no adeegnvironmental impact is expected from recycling

SBO, and none is indeed proven by the present study
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1)
Product Composition, % w/w referred to total sample weig@ht.s.) Applied quantities to soil
(kg per 25 raparcel
H,O| d.m? o.m? C N o.m./C| N/C tws. |[om’| C N
RCP | 4.66| 95.34 53.22 28.4 5.92 1.87 | 0.208 5.0 2.66 | 1.42 | 0.296
CVvD | 195 80.5 32.65 22.0 1.70 1.48 | 0.077 9.6 3.13 ] 2.11 | 0.163
IOR 73.8 26.2 9.90 4.64 0.346 2.13 | 0.075 30 2.97 | 1.39 | 0.104
SBO | 86.1 13.9 9.87 5.68 0.716 1.74 | 0.126 27 2.66 | 1.53 | 0.193
% organic moieties and/or functional groups C dutal C
. . .
aliphatic | e .NR | OR | anomeric|  PH PhOY" | COX keto al/ar
RCP 43.9 11.3 12.2 2.0 7.0 3.4 20.0 02 | 42
CvD 39.1 9.5 27.3 4.2 7.8 5.0 6.5 06 | 3.0
SBO 40.9 7.3 14.2 3.8 12.3 6.0 12.9 26 | 24
SBOy 34.0 4.3 3.9 4.6 24.1 13.5 134 22 | 0.9
IOR 31.7 9.4 29.3 6.4 9.8 6.2 5.9 1.3 | 19
43.9 11.3 12.2 2.0 7.0 3.4 20.0 02 | 4.2
Product trace elements content (ppm in dry matter)
Cu Ni Zn Cr Cd Pb Hg
CvD 92+1 71+4 199+4 | 4441 <0.5 54+1 | 0.33+0.01
SBO 249+2 97+2 427+2 27+2 <0.5 99+1 | 0.26+0.01
IOR 73+1 61+2 199+1 44+1 <0.5 54+1 | 0.22+0.02
Table 1.

Chemical data for products used in the tomatergreuse cultivation experimental plan.
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Product trace elements weight contribution (mg2&ent parcel) to soil

Cu Ni Zn Cr Cd Pb Hg
CvD 711 548 1538 340 <3.9 417 2.5
SBO 935 364 1602 101 <1.9 371 1.0
IOR 574 479 1564 345 <3.9 424 1.7

®Dry matter;’organic matter:R = alkyl C;°Ph = aromatic C, except PhO ®®h0O = aromatic C bonded to
O as in phenols, dyaryl ethers and alky! aryl ettaecording to Y = H, R, PI[COX = carboxyl C as in
carboxylic acids, esters and amides according$oOH, OR, Nfaliphatic /total aromatic C ratio, total

aromatic =

aromatic+ PhGC.
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Table2.

Days from tomato seedlings transplating as averafyemlues measured in three subsequent floor-
fruit cluster sets (c8pt different plants flowering-fruit production g&s (Fig. 2) and significance
level (p) of data differences according to Studest’

Treatment Stage 1st c§ 2nd c§ 3rd c$
beginning flowering
CVD 29 a 40 ab 53 a
RCP 26 a 37b 45 Db
IOR 3la 44 a 55 a
SBO 21b 30c 39c
Control 27 a 37b 45D
p <0.01 <0.001 <0.001
beginning fruit-setting
CVD 47 a 54 a 69 a
RCP 42 ab 47 b 60 b
IOR 46 a 58 a 71 a
SBO 35¢c 42 c 52c
Control 40b 48 b 59 b
p <0.001 <0.001 <0.001
beninning turning colour
CVD 120 a 136 a 149
RCP 117 a 134 ab 148
IOR 120 a 136 a 153
SBO 113 b 129 b 142
Control 118 a 135 ab 148
p <0.01 <0.05 ns
beginning ripening
CVD 131 a 146 a 158
RCP 127 a 143 a 157
IOR 127 a 146 a 162
SBO 122 b 136 b 152
Control 129 a 143 a 157
SL <0.01 <0.01 ns
whole ripening
CVD 149 a 162 a 178 a
RCP 142 bc 158 a 175 a
IOR 145 ab 162 a 176 a
SBO 139 ¢ 154 b 170 b
Control 144 ab 160 a 177 a
SL <0.01 <0.01 <0.05

%Each set containing 36 clustetsyithin each column, values with no letter in comnutiffer

significantly: a > b > ¢; ns = not significant.
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Plant productivit§ and berries quality data for the different sabtments, and significance level
(p) of data differences according to Studenttest.

Plant production average data
Treatment Per plant fruit net production Discarded Per fruit weight (g) Per cluster
(kg)° fruit % number of fruits
CVD 5.26 d 0.98 b 67.24 b 7.20b
RCP 5.72 ab 0.95b 68.49 a 8.35 ab
IOR 5.42 cd 1.68 a 68.05 ab 7.96 b
SBO 5.97 a 091b 68.53 a 8.71a
Control 5.66 bc 0.99b 68.70 a 8.24 ab
p <0.01 <0.05 <0.05 <0.05
Berries physicochemical déta
d.m& (%w/w) TSS pH TAY EC’ Firmness
(°Brix) (% CA) (mS) (k)
CVD 7.24 5.02d 3.08 b 0.54 a 3.27 3.73a
RCP 7.20 5.29 bc 3.11la 0.48 c 2.95 3.14 bc
IOR 7.63 5.47b 3.13a 0.51b 3.12 2.95¢c
SBO 7.12 5.13 cd 3.13a 0.54 a 3.15 3.34b
Control 7.49 5.80 a 3.08 b 0.47c 3.28 3.59 a
p ns <0.001 <0.05 <0.001 ns <0.001

%Calculated over the three replicate parcels petrtrent, four plants per parcel in the mid row
being samplediwithin each column, values with no letter in comnafiffer significantly: a > b > c

> d, ns = not significant{per plant fruit net production after subtracting fhoor quality discarded
fruits = per fruit weight x per cluster number ofiifs x 10, with 10 being the number of clusters
per plant being sampledaverage data over ten harvests per treatment (8@ bver the three
replicates); “dry matter; "total soluble solidstitratable acidity as % citric acid’electrical
conductivity.



31

Table4. Averages for sdllandleave8analytical dathover the four treated soils and the control
soil vs. sampling time from seedlings transplatswjl K, Ca, Mg reported as exchangeable ions
and other elements as assimilable ions, unlésswise indicated; leaves data reported as
elements total concentration.

Soil data Leaves data
Sampling 11.1.2008 2.1.2010 5.5.2010 6.17.2010| 2.1.2010 5.6.2010
date
pH 7.63+0.15| 7.99+0.05 7.25+0.08 | 7.33+0.09
ECS 2261 +51 791 +70 648 +124 414 +53
uS cnt
Salinity, 287 +5 106 + 10 85.5 +15.5 51.8+6.6
ueq g'
Total C, 475 +0.16| 4.61+0.18 444 +0.16 | 452+0.26 | 43.1+0.6 37.7+0.3
% w/w
Total N, 0.147+0.006 0.166+0.018 | 0.146+0.016| 0.132+0.013| 4.84+0.08 3.08+0.18
% wiw
C/N 325+23 28.1+1.8 309+27 34.6+2.3 | 8.92+0.20 12.3+0.7
K, ueq ¢ 467 +150| 3.07+1.40 6.40+0.95| 4.93+0.36 | 3.21+0.16 1.59+0.20
% w/w % w/w
Ca,peq g 229+ 4 231+6 103 +4 92 +2 2.42+0.16 2.23+0.17
% w/w % w/w
Mg, 40+1.0 4.20 +0.56 453+0.38| 3.93+0.28| 0.38+0.02 0.59+0.03
peq @ % wiw % wiw
Na,%w/w 0.550+0.040 0.549+0.024 | 0.569+0.052| 0.548+0.007| 0.16+0.02%| 0.49+0.11%
wiw wiw
Mg,’ 575 + 33 509 + 36 369 + 90 360 + 20
mg kg'
Fe, 303 +16 314+ 35 223 +12 188 + 11 90.9+8.9 151 + 32
mg kg*
Zn, 33.3+21 30.8+0.5 32.7+1.2 32.1+0.4 296+1.1 33.0+8.0
mg kg'
Cu, 11.3+0.6 10.9+0.2 827+0.28| 873+0.15| 8.87+0.69| 7.93+0.55
mg kg*
Mn, 189 + 11 151 + 10 173 +4 160+5 | 70.6+3.1 69.3+1.8
mg kg'
P, mg kd' 125+ 4 179 +6 103 +3 170+ 6 0.34+0.04 0.15+0.04
% wiw % wiw
B, 57.7+10.1| 86.9+5.3
mg kg*

2 Three soil samples per treatment were analyzedltnlate average valuetywelve plants per
treatment were analyzed to calculate average vdldiesensional units indicated iri*left column,
unless otherwise indicatedbefore treatmenfelectrical conductivity;'assimilable ion.
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Tableb5.
Difference§ in soil and tomato plant leaves chemical datatdis®il treatment with municipal bio-
refuse (CVD, IOR, SBO) and animal (RCP) sourcedipcts.

Sample/Date Element Control RCP CVvD SBO IOR
soil 1.2.2010 Na, Y%ow/w 0.51 b 0.56 a 0.58 a 0.56 a 0.54 ab
soil 5.5.2010 Na, %w/w 0.55ab 0.60 a 0.62 a 0.58 ab 0.49b
soil 5.5.2010 Mg, ppm 276 d 431 b 493 a 338 ¢ 307cd
soil 5.5.2010 Zn, ppm 34.7a 32.0b 31.7b 32.0b 33.0b
soil 5.5.2010 N, % w/w 0.13b 0.14ab 0.13b 0.17a 0.16 a
leaves 1.2.2010 | P, % w/w 0.28 b 0.35ab 0.35ab 0.34ab 0.39 a
leaves 6.5.2010 | P, % w/w 0.15ab 0.18ab 0.20 a 0.11b 0.13ab
leaves 6.5.2010 | Fe, ppm 195 a 123 ab 116 b 157 ab 161 ab
leaves 6.5.2010 | Zn, ppm 42.7 a 254 Db 38.7a 33.0ab 25.3b

4Within each row, values with no letter in commoffedisignificantly with the following order
and probability level (p) according to Student:tast b > ¢ > d; gt 0.001 for Mg data and$
0.05 for all others.
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Figure captions

Fig. 1. IR spectra of products used in the toneattivation trials.
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Fig. 2. Tomato test plant at beginning turning cadtage (a and b) of first fruit cluster set (see
Table 2) grown in soil treated with SBO and in godlated with commercial product (RCP) and
harvested fruits (c).

Fig. 3. Tomato plant height, branches diameteriatginode length at different dates from
seedlings transplating vs. soil treatment. Coluatrthe same abscissa date having no letter in

common differ significantly according to Studergttea > b > ¢ > d.

Fig. 4. Tomato plant vigor on January 10, 2010sed. treatment.

Fig. 5. Chlorophyll content (SPAD unit) in tomaitant leaves at five different dates from
seedlings transplating vs. soil treatment.




