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Abstract

Background: Municipal biowaste management may generate a negative impact on the environment; therefore,
their biomasses could be valorised as an alternative feedstock to fossils to produce high performance compounds
useful for agricultural applications. The main objective of this study was to evaluate the potential agricultural appli-
cations of bioproducts (BPs) obtained by alkaline hydrolysis of the solid anaerobic digestate of municipal biowastes
(ADMBW) and of one oxidized (ozonized) product (ADMBW BP OX). Both products were chemically characterized and
used for agricultural in vitro assays.

Results: BP preparations were tested for their potential effect as enhancers of seed germination process using five
concentrations (1, 10, 100, 1000, and 5000 mg L") and three different species: cress (Lepidium sativum), tomato (Sola-
num lycopersicum), and lettuce (Lactuca sativa L.). At this aim several germination indices were calculated to establish
the priming effect of these substances on the selected seeds. Moreover, the potential in vitro antifungal effects of BPs
at three concentrations (100, 1000, and 5000 mg L") on many dangerous fungal phytopathogens of economically
important cultivated crops were evaluated and compared to Benzothiadiazole, one of the most-used plant disease
suppressants. Results show that these ADMBW derived BPs exert a seed specie-specific positive effect on germination
process, inducing better performances in the several calculated indices at all the concentration tested, except for the
ADMBW BP OX 5000 mg L™, which showed at the highest concentration a strong phytotoxic effect on tomato seeds.

Conclusions: The fungicidal potency of ADMBW BP OX was for the first time clearly demonstrated on multiple
targets as Botrytis cinerea, Sclerotinia sclerotiorum, Monilia sp., Sclerotium rolfsii, and Phytophthora nicotianae, by calcu-
lating their relative ECg, and, when it was possible, also ECy5 and MIC values. These results are of great impact in the
actual historical moment, as from a biowaste as DMBW, which is worldwide constantly produced, may be possible to
obtain agrochemicals and fertilizers without the usual feedstocks, which are more and more expensive.
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Currently, much research is being carried out to valor-
ise biomass from different sources as alternative to fos-
sil feedstock for the production of fuel, chemicals, and
materials. Cultivation of dedicated plants is pursued to
provide a relatively low entropy source of bioproducts to
use in different sectors, where synthetic products are cur-
rently used. This practice raises social moral concern, due
to the subtraction of soil to food production in a world,
where 690 million people suffer starvation [1]. From this
point of view, valorisation of biowastes from municipal,
agriculture and agro-industrial source is unanimously
accepted. Indeed, using biowaste as feedstock to pro-
duce valued added chemicals and materials will also
decrease the amount of landfilled biowastes. In this con-
text, municipal biowaste (MBW) is potentially the most
sustainable renewable feedstock. It is readily available in
every urban settlement in the world and is a negative cost
feedstock, since its collection costs are already paid off by
citizens’ taxes [2—4]. Under these circumstances, turning

biofuel and biobased value added chemical specialities
is an attracting perspective. A typical MBW treatment
plant is the ACEA Pinerolese Industriale S.p.A., located
in Pinerolo (Turin, Italy). It processes MBW by fermen-
tation and produces biogas and compost. Over the past
20 years, the University of Turin group has developed
chemical hydrolysis and oxidation processes to obtain
new value-added soluble bioproducts (BPs), either from
the ACEA anaerobic digestate and compost [5], and from
exhausted food plants. The BPs have been demonstrated
competitive with fossil sourced commercial chemicals
for use in several sectors of agriculture and the chemical
industry [6].

The present work reports the isolation process and
the outstanding antifungal properties of a new BP. The
product contains a wide range of organic molecules
belonging to the class of oximes. Oximes are starting rea-
gents for the synthesis of several functionalised organic
N compounds [7]. They are also biologically active as
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antimicrobial agents, insecticides and antifungals [8,
9]. Moreover, new herbicides, such as cyclohexanedi-
one oximes have been developed as they are effective at
low doses and easily decomposable, to reduce herbicide
impact in the environment [10].

Plant fungi lower crop production and quality [11]. The
current population is expected to grow by 30% in 2050.
Consequently, higher food production will be necessary.
At the same time, the concern for more consumption
of current commercial pesticides is increasing, due to
their negative effects on human health and environment.
Moreover, they induced arising of pathogen resistance
phenomena to synthetic fungicides. The development of
efficient eco-friendly antifungal compounds is a critical
urgent objective to achieve to protect agricultural crops
from disease.

The depicted scenario gives the feeling of the level of
the economic, environmental, and social issues addressed
by the present work. Comparing the performances of the
new BPs and Benzothiadiazole (BTH) allows assessing
the potential market value of the BP, considering that the
global pesticide market is estimated 4 M tons/yr [9]. BTH
is one of the most-used plant disease suppressants [11],
and its market price is up to 820 USD kg~ [12].

The general aim of the present study was to increase
the added value of biobased products obtained from the
digestate of municipal waste, by applicating these sub-
stances in the agricultural field. Based on the above con-
siderations, the specific objectives of this paper were i)
the production of high performance biobased products
(BPs) from municipal biowaste; ii) testing the effect of
BPs on seed germination process of three different spe-
cies cress (Lepidium sativum), Tomato (Solanum lycoper-
sicum) and Lettuce (Lactuca sativa L.); iii) to detect the
multiple fungicidal potentiality of BPs derived from the
anaerobic digestate of municipal biowaste (ADMBW)
versus many threatening fungal pathogens of cultivated
crops and eventually to compare their in vitro perfor-
mances with a standard product as BTH.

Materials and methods

Materials

The BP was obtained from the solid ADMBW sam-
pled from the Acea plant. The digestate was hydrolysed
in water at pH 13 and 60 °C according to a previously
reported process [13]. In essence, the liquid hydrolysate
was separated from the insoluble residue by sedimenta-
tion, followed by centrifugation and ultrafiltration though
5 kDa cutoff polysulphone membrane. The membrane
retentate was dried at 60 °C to yield the solid ADMBW
BP. This product was dissolved in pH 10 water and oxi-
dised by bubbling a 4% ozone—oxygen stream through
the aqueous solution for 64 h [14]. During this time, the
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solution pH 10 was maintained by KOH addition. The
final alkaline solution was filtered through a 0.2 kDa pol-
ysulphone membrane to separate the membrane perme-
ate. This was dried at 60 °C to obtain the solid ADMBW
BP OX. All the analytical methods applied for the prod-
ucts compositional characterization have been previously
reported [13, 14].

Experimental conditions for BPs performance on seed
germination

Different species of seeds were evaluated: (i) cress, which
represents the most sensitive species to many toxic com-
pounds, and have been commonly used in germination
test [15], (ii) tomato and (iii) lettuce, as they represent
host plant species for some of the isolated pathogens
used in this study.

In detail, the plant material used in these trials were
cress (Lepidium sativum cultivar Dadas), Tomato (Sola-
num lycopersicum cultivar Missouri) and Lettuce (Lac-
tuca sativa L. cultivar Romana) seeds, provided by a local
nursery located in Catania, Sicily (Italy).

The seeds were rinsed with sterilized water and main-
tained moistened in distilled water for 1 h. BP solutions
(ADMBW BP and ADMBW BP OX) were prepared by
dissolving the powder in distilled water at the final con-
centration of 5000 mg L', Different amounts of 5000 mg
L~! BP solutions were diluted in distilled water to yield
solutions at different concentrations. These were used to
moisten the filter papers (Whatman 3 MM) in the trials.
For both BPs, hydrolized and ozonized, five different con-
centrations were tested (1, 10, 100, 1000, and 5000 mg
L1 yielding 10 treatments. Tests were conducted using
90 mm plastic Petri dishes and three layers of filter
papers. Then, seeds (20 seeds per Petri dish) were placed
on the filter papers previously moistened with the BP
solutions (5 mL). Controls in distilled water moistened
paper were routinely performed.

Germination was carried out in a growth chamber at
254+1 °C in the dark. Seeds were considered germinated
when a radicle of at least 2 mm emerged. The germi-
nated seeds were counted and monitored daily until no
further seed germinated (48 h for cress, 96 h for lettuce,
144 h for tomato). Radicle lengths were measured using a
digital caliper to the nearest 0.01 mm. The experimental
trial was repeated twice in a complete randomized block
design, and for each treatment three replicates were
tested, according to methods of the Association of Offi-
cial Seed Analysts [16].

Seed germination indices

To evaluate the positive or phytotoxic effects of BP treat-
ments on seeds, several germination indices were calcu-
lated as detailed below [17]:
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i) The Germination Index (GI) was calculated to assess
the overall response variability between treatments
[18]:

GI = (Nt x Lt/Nc x Lc¢) x 100

where Nt and Nc are the medium number of germi-
nated seeds in treated (t) and control (c) conditions,
respectively, and Lt and Lc are the average radicle
lengths of germinated seeds in treated (t) and control
(c) conditions, respectively.

ii) The Germination Percentage (GP) was calculated for
each treatment and for each seed species as percent-
age of total germinated seeds from sowing:

GP = (number of germinated seeds/number of total
seeds for bioassay) x 100

ili) The Mean Daily Germination (MDG), representing
the mean number of germinated seeds per day, was
calculated at 24 and 48 h for cress, at 48, 72, and 96 h
for lettuce, and at 48, 72, 96, and 144 h for tomato
[19]:

MDG=GP#
where GP is the germination percentage at time ¢,
which is the number of days after the sowing.

iv) The Seedling Vigor Index (SVI) was calculated at 24
and 48 h for cress, at 48, 72, and 96 h for lettuce, and
at 48, 72, 96, and 144 h for tomato [19]:

SVI=GP x L

where GP is the germination percentage and L is the
seedling length of germinated seeds at each monitor-
ing time.

v) The Mean Germination Rate (MGR), also known as
rate of Maguire [20]:

MGR=[number of germinated seeds/days of first
count] +............. + [number of germinated seeds/
days of final count]

vi) The Mean Germination Time (MGT) was calculated
at the last day of germination process for each spe-
cies, according to Ruan et al. [21] as follows:

MGT =>_(n,t)/>-n
where n is the number of newly germinated seeds at
time t.

vii)  The Germination Energy (GE) was calculated
according to Ruan et al. [21] as follows:

GE = (Percentage of germinated seeds at the starting
day of germination/Total number of seeds sets for
bioassay) x 100

viii) The Speed of Emergence (SE), was calculated
according to Soltani et al. [22] as follows:

SE = (Number of germinated seeds at the starting day
of germination/Number of germinated seeds at the
final days of measurement) x 100
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ix) The Coefficient of the Rate of Germination (CRG)
was calculated as reported in Chiapusio et al. [23] as
follows:
CRG=[(N1+N2+.....
+....4+(Nn x Tn)] x 100
where N1, N2, ... Nn are the number of germinated
seeds on time in days T1, T2, .... Tn.

x) The Time required for 50% germination (T50), was
calculated according to Coolbear et al. [24] as fol-
lows:

T50=ti+ [((N/2)—ni) x (ti—tj)]/(ni - nj)

where N is the final number of germinated seeds, ni
and nj the cumulative numbers of seeds germinated
by adjacent counts at times ti and tj.

Nn)/(N1 x T1)+ (N2 x T2)

In vitro BP performances against phytopathogenic fungi
The effects of ADMBW BP and ADMBW BP OX in
reducing/inhibiting mycelial growth of 9 fungal patho-
gens affecting vegetables, fruit and ornamental crops
(Table 1) were assessed according to amended media
technique and using potato dextrose agar (PDA, Lickson,
Vicari, Italy) as basic substrate. Acibenzolar-S-methyl
[syn. benzothiadazole, (BTH), Bion® 50% active ingre-
dient, water granules, Syngenta Italia S.p.A. Milano MI,
Italy] was also included and served as standard active
ingredient of reference [25]. The molecule was chosen,
since it has been reported both as fungicide and plant
resistance activator on a several commercial crops includ-
ing lettuce and tomato, and as having multi-target effects
against several classes of plant pathogens. In detail, BPs
were tested at 0, 100, 1000 and 5000 mg L~" whereas
BTH was tested at a single concentration, 3000 mg L™,
to compare its performance with that achieved by the
highest rate of BPs (Table 1). The BTH concentration of
3000 mg L~! was chosen, since it is reported in literature
as the discriminatory and most effective one for in vitro
mycelial reduction of phytopathogenic fungi and in vivo
for disease control [26, 27].

For the BPs-BTH comparison, stock solutions of
ADMBW BPs and BTH were preliminarily dissolved in
sterilised distilled water (SDW), vortexed and sterilised
by passing through by 0.45 um pore size membrane fil-
ter (Sigma-Aldrich, St. Louis, MO, USA). Afterward, the
solutions were added to media cooled at about 45-50 °C.
Autoclaved media were amended with appropriate vol-
umes of stock solutions containing the active ingredients
to reach the above fixed concentrations. No fungicide
was added to the control dishes.

Following the media preparation, the mycelial plugs
of each fungal pathogen were cut from the edge of an
actively growing culture on agar media and placed upside
down on the centre of each fungicide-amended or con-
trol dish. Dishes were incubated at 21+ 2 °C in darkness
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Table 1 Target fungal pathogens including relative hosts and induced symptoms employed in in vitro assays performed to evaluate

BP, BP OX and BTH effects in reducing mycelial growth

Target pathogens” Host Symptom mg L™ of active ingredient

BP and BP OX BTH
Botrytis cinerea Di3A-E2 Eggplant Fruit rot 100, 1000 and 5000 3000
Monilia spp. Di3A-A1 Apricot Fruit rot > » » »
Sclerotinia sclerotiorum Di3A-L3 Lettuce Lettuce head rot > » » »
Fusarium spp. Di3A-C1 Cucurbit Vascular infection > » » »
F. oxysporum f.sp. radicis-lycopersici Di3A-T1 Tomato Vascular infection > » » »
Sclerotium rolfsii Di3A-TP3A Tomato Basal stem rot > > » »
Alternaria alternata Di3A-CT7 Carob Leaf spot > > » »
Colletotrichum gloeosporioides Di3A-O4 Orange Fruit anthracnose > » » »
Phytophthora nicotianae Di3A-B1 Buxus Root and crown rot > » » »

" All tested fungal isolates obtained for relative hosts are monosporic colonies

for about 5 days. For each concentration, three dishes
were used, and colony diameter was measured in two
perpendicular directions for the calculated value. Trip-
licate assays were performed. Radial growth on each
dish was measured as average and the raw data from
three replicates used to calculate growth reduction
(GR)=[1—(radius in amended plates/radius of control
dishes)] x 100.

Determination of EC;,, ECo5 and MIC versus target fungi

to evaluate BP potentiality

Dose-response curves of single isolates for each fungi-
cide were generated by plotting all raw growth reduction
data against compound concentration and the effective
BP’s concentration to inhibit 50% and 95% of mycelial
growth (EC,, and EC,;) was calculated for each isolate
by linear regressions (by determining coefficient of deter-
mination R?) of the mycelial growth reductions versus
the active ingredient concentrations [28, 29]. Minimum
inhibitory concentration (MIC i.e., lowest concentration
of compound that inhibit the mycelial growth) was also
calculated when possible (i.e., when falling within the
concentration range).

Statistical analyses

Statistical treatment of data collected from each experi-
ment was performed using the Statistics package soft-
ware (version 10; Statsoft Inc., Tulsa, OK, USA). The
analysis of the variance was performed on raw data con-
sidering all the single replicates. Since the laboratory
assays were performed three times, F and P values were
calculated to evaluate whether the effects of single factor
as treatment, concentration and assay were significant. In
post-hoc analyses, the means were always separated by
the Fisher’s least significance difference test (a =0.05).

Results and discussion

BP production processes

The BP production process was designed and realised in
a pilot production facility to represent a model chemical
plant to be integrated in a conventional anaerobic MBW
treatment plant [13]. To this purpose, the Acea Pinero-
lese MBW treatment plant was taken as case study. This
plant is a typical example of the most advanced European
plants performing anaerobic fermentation of unsorted
food wastes from separate collection source to produce
biogas and digestate, followed by aerobic composting of
the digestate mixed with green residues. The pilot facil-
ity applied conventional chemical hydrolysis and oxida-
tion reactions to the anaerobic digestate and composts of
different mixes with the intent to produce water soluble
biobased chemical specialities for use in different sectors
of agriculture and the chemical industry.

The pilot facility comprised a 500 L reactor, a product
separation unit, and a drying oven. The product separa-
tion section included a sedimentation vessel to sepa-
rate the insoluble residue from the liquid hydrolysate, a
centrifuge to separate residual fine solid particles from
the liquid hydrolysate and a tangential flow filtration
unit. This unit was suitable to accommodate a series of
membrane with different cutoffs from 750 to 0.2 kDa to
be operated in sequential flow mode, where the perme-
ate through the higher cut off membrane was the feed
to the lower cut off membrane. In this fashion, several
fractions were separated according to their molecular
weight ranges: i.e., > 750 kDa, 750-150, 150-100, 100—
50, 50-30, 30-20, 20-5, 5-0.2 and < 0.2 kDa. The alkali
reagent was recovered in the final permeate through the
0.2 kDa cut off membrane and recirculated as such to the
hydrolysis reactor. As the insoluble hydrolysate residue
and the soluble molecular fractions were proven valued
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added products in different sectors of agriculture and the
chemical industry, the process did not produce second-
ary products and excess unreacted alkali needing further
disposal treatment [5, 13, 14].

The same pilot facility was suitable to perform both the
hydrolysis and oxidation process. MBW hydrolysis at pH
13 and 60 °C allowed producing the above BP fractions.
These are complex mixes of different molecules with
molecular weight ranging from 0.2 to above 750 kDa,
which contain different aliphatic and aromatic C types
substituted by a variety of acid and basic functional
groups bonding mineral ions inherited from the pristine
native biopolymers. Thanks to their water solubility and
chemical composition features, the BPs exhibited, in field
tests, useful properties as soil fertilisers, plant growth
biostimulants, animal feed supplements, sequestering
agents for the remediation of polluted soil and industrial
waters containing trace metals and organics, emulsifiers,
photo sensitizers and reagents for the production of com-
posite plastic articles, biosurfactants, bioplastics.

The ozonisation of the crude BP hydrolysate obtained
from the Acea ADMBW was found to change the pris-
tine molecular weight and functional groups distribution
[14]. The oxidized product (BP OX) had lower molecu-
lar weight and higher content of carboxylic functional
groups. The ozonisation reaction yielded 30% biopoly-
mers with molecular weight from 100 to over 750 kDa
exhibiting remarkable surfactant properties, and 70% of
small molecules with molecular weight < 0.2 kDa. On
the contrary, ADMBW contained 95% of the high molec-
ular weight biopolymers and less than 5% molecules with
molecular weight < 0.2 kDa. The remarkable surfactant
properties of the oxidised biopolymers prospect high
market value for these products, which can compensate
largely their production cost. The high yield of the mol-
ecules with molecular weight < 0.2 kDa was contrary to
the design thinking of the authors and expectations from
the room temperature oxidation of ADMBW BP. Sur-
prisingly, the here in after reported results of the present
work demonstrate that the oxidised ADMBW BP OX
fraction with low molecular weight has far higher poten-
tial market value, compared to the high performance pol-
ymeric biosurfactants.

Characterization of ADMBW BP and ADMBW BP OX

According to LC-MS/MS studies, ADMBW BP OX con-
tained a mix of compounds with 2-7 C atoms, such as
mono, di and tri carboxylic acids, hydroxy- and keto-
carboxylic acids, aldehydes, ketones, and oxymes [14].
The '3C spectra of ADMBW BP OX showed the presence
of aliphatic, oxime and carboxylic acid C atoms reso-
nating at § 17-53, 162 and 173-176 ppm in the relative
ratios 2.5/1/4, respectively. The content of aromatic C
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was negligible. For ADMBW BP OX, the virtual struc-
ture HC(COOH),-[CH(COOH)],-~C(H)=N-OH with
empirical formula CgHyNO, and 245.31 g mass was con-
sistent with the 13C spectra data, the measured C/N 7
ratio and the 0.2 kDa cutoft of membrane through which
the product permeated during the separation from the
mix of higher molecular weight ozonized products. These
results suggest that ADMBW BP OX is mainly a mix of
aliphatic polycarboxylic acids and oxymes. By compari-
son, ADMBW BP had C/N 5.7 and molecular weight
in the 5-750 kDa range. The '3C spectra of ADMBW
BP showed that the organic C was distributed over 43%
aliphatic, 10% ammine, 4% methoxy, 10% alkoxy, 3%
anomeric, 13% aromatic, 7% carboxylic C, 9% amide C,
1% ketone C [30]. For the higher number of functional
groups and molecular weight, the ADMBW BP compo-
sition is much more complex than that for ADMBW BP
OoX.

BP performance on seed germination

Germination indices of seeds subjected to the experi-
mental trials were calculated to evaluate the performance
of the treatments and their concentration effect, using
five different amounts of BPs and BPs OX.

The germination indices (GI) of seeds are reported in
Fig. 1. The ADMBW BP treatment on cress and lettuce at
all the tested concentrations did not negatively affect the
germination process. Interestingly, data in Fig. 1A show
also a beneficial effect on germination GI (GI>100%) at
concentrations ranging from 1 to 1000 mg L™ on the
cress, and at concentrations of 1000 and 5000 mg L™
on lettuce (Fig. 1A). These results are validated by Alva-
renga et al. [31] findings for other biodegradable organic
residues, such as sewage sludge from municipal waste-
water treatment, compost from the organic fraction of
unsorted municipal solid waste, and garden waste com-
post which confirmed that cress was a very sensitive indi-
cator of compost toxicity. For tomato, Fig. 1A shows GI
quite lower than 100%, with values being constant at all
concentrations. The ADMBW BP OX data (Fig. 1B) show
no significant differences (p<0.05) between concen-
tration ranging from 1 mg L™" to 1000 mg L™! for each
species. However, at the highest BP OX applied concen-
tration (5000 mg L), a phytotoxic effect was observed
for all species. Tomato, exhibiting the lowest GI values,
appear as the most sensitive species.

The presence of both BPs during cress seed germina-
tion did not affect the GP values at any concentration
(Fig. 2). Moreover, in lettuce seeds treated with ADMBW
BPs, an increase in GP values with respect to the control
was observed at all concentrations, suggesting a pro-
moting effect on seed germination process (Fig. 2A). By
comparison, ADMBW BP OX, at all concentrations, did
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not exhibit significant effects on lettuce seeds (Fig. 2B).
As regard tomato, a slight reduction of GP value was
recorded only using 5000 mg L' of ADMBW BP OX
(Fig. 2B). These results suggest that as regard cress and
lettuce, BP OX 5000 did not show any phytotoxic effect,
as the reduction in GI values was mostly related to the
length of the radicle produced during the germination
process than related to the number of germinated seeds.
As regard to the number of germinated treated
seeds per day (MDG), in cress no significant effect
was proven at all monitoring times, and with all the
tested BP concentrations (Fig. 3A, B). For lettuce no

significant effect at all concentrations and monitoring
times was detected, except using 5000 mg L~ ADMBW
OX BP, for which a slightly reduced value of MDG was
detected after 48 h, although at the end of the germi-
nation process the MDG value was similar to that cal-
culated for the control (Fig. 3C, D). The most sensitive
species resulted to be once again tomato, as already
observed for previous indices. In particular, ADMBW
BP did not affect MDG values after 72 h until the end
of the germination process (Fig. 3E), whereas ADMBW
OX BP reduced the MDG values with respect to the
control at the highest concentration of 5000 mg L™! at
all the monitoring times (Fig. 3F).
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The Seedling Vigor Index (SVI) (Fig. 4) showed that a
different effect was exerted by each BP concentration on
each seed species. For cress seeds, after 48 h, all concen-
trations except 5000 mg L' showed an improved effect
on SVI values. The highest value was attained from BP
100 mg L' (1.4-fold increase with respect to the con-
trol) (Fig. 4A). The ADMBW BP OX (Fig. 4B) exerted,
after 48 h, a positive effect with respect to the control

at the concentrations 1, 10 and 100 mg L™}, whereas BP
OX 1000 mg L™! and 5000 mg L™" drastically decreased
SVI values (13 and 19 times lower than the control,
respectively). Lettuce seeds, at the beginning of the ger-
mination process (48 h), treated with ADMBW BP at all
applied concentrations, did not show significant differ-
ences (Fig. 4C), whereas after 72 h and at the end of the
germination process, BP1000 and BP5000 significantly
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increased the SVI values. ADMBW BP OX after 48 h
increased SVI values at 1 mg L™" (1.5-fold higher than the
control), whereas concentrations up to 1000 mg L~ did
not affect the indices. Interestingly, after 72 and 96 h, an
increase of SVI values at all concentrations was observed
up to 1000 mg L}, while the highest concentration pro-
voked a decrease in SVI values at all times (Fig. 4D).

On tomato seeds, ADMBW BP did not determine a sig-
nificant effect at all concentrations and at all monitoring

times (Fig. 4E). Conversely, ADMBW OX BP determined
at each time a strong negative effect at 5000 mg L%,
showing at the end of the germination process a value of
SVI around eightfold lower than the control. However,
after 48 h from sowing no effect was detected (Fig. 4F).
Islam et al. [32] reported that in different species,
among which cress and lettuce, higher SVI values than in
the control corresponds to positive biostimulant effects
on seed germination. Accordingly, the ADMBW BP
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results would prove this product as germination induc-
ers for cress and lettuce. For tomato seeds, ADMBW BP
did not affect the germination process. Its effect was not
evident at the early stage of germination. The positive
effect was relevant at the end of the process (in cress after
48 h and in lettuce after 96 h). A different behaviour was
proven for ADMBW BP OX. In cress, which is an annual
weed, concentrations ranging from 1 to 100 mg L~!
showed a promoting effect, whereas 1000 and 5000 mg
L~ resulted phytotoxic. These results suggest a potential
use of BP OX at these concentrations as a possible her-
bicide, according to Sevilla-Moran et al. [10]. Putatively,
the presence of oxime in BP OX may be associated to the
phytotoxic effect at high concentrations. Sandin-Espana
et al. [33] found that oxime-based herbicides, such as
cyclohexanedione oxime, determine a rapid reduction of
growth followed by the destruction of shoot meristems in
susceptible species. This could explain the negative effect
of BP OX at high concentrations, which occurred mostly
on the length of the radicle rather than on seed germi-
nation process. These herbicides seem to inhibit the fatty
acid biosynthesis in isolated chloroplasts, cell cultures,
or leaves showing a greater susceptibility for some spe-
cies, such as corn, wheat, and wild oats [34, 35]. However,
other plants, such as soybean, spinach, and sugar beet,
have been reported to be more tolerant to oxime [33].

Table 2 report the Mean Germination Rate (MGR), the
Germination Energy (GE), the Speed of Emergence (SE),
the Coefficient of the Rate of Germination (CRG), the
Mean Germination Time (MGT), and the Time required
for 50% germination (T50) of seeds treated with differ-
ent concentrations of BPs. Islam et al. [32] showed that
in cress (Lepidium sativum), lettuce (Lactuca sativa), and
other different species MGR, GE, SE and CRG values are
positively correlated with the stimulant effect on seed
germination. On the contrary, MGT and T50 values are
negatively correlated. In the present work, MGR and GE
values showed that OX BP at 5000 mg L~ was phytotoxic
for all the tested seeds. However, tomato seeds showed
GE values lower than the control at all BP concentrations,
except at 10 mg L~! (Table 2).

SE values appeared to depend on the species and the
BP concentration. Tomato seeds were the most sensi-
tive species to both tested BP and BP OX, especially at
the highest concentrations. The results showed also that
cress and tomato SE values were similar or higher than
the control using BP. The BP OX treatment did not exert
any significant effect on cress at all concentrations while
showing reduced SE values on lettuce at the highest con-
centration (Table 2). The MGT, CRG and T50 were not
significantly modified by all the tested BPs (Table 2).

The overall analyses of these germination indices sug-
gest that only BP OX 5000 may induce a phytotoxic effect
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on germination, in particular in tomato seeds, which
results the most sensitive species. This treatment nega-
tively affected the radicle emerging rather than the seed
germination process sensu strictu. By comparison, the
analysis proves BP as inducer of the germination process
at the tested concentrations, in particular on lettuce and
cress.

Effects of BP, BP OX and BTH in reducing mycelial growth

of phytopathogenic fungi

In laboratory assays, no significant effect was found for
the 4 tested pathogens (A. alternata, Fusarium sp., E
oxysporum f.sp. radicis-lycopersici, C. gloeosporioides)
for each factor (data not reported), whereas a signifi-
cant effect of ozone (oxidation) treatment and BP con-
centration was detected on fungal growth reduction of
B. cinerea, Monilia sp., S. sclerotiorum, S. rolfsii and P,
nicotianae (Table 3). The significance of the ozonization
treatment may be probably related to a greater accumula-
tion of oximes in OX BPs than BPs. Although the puta-
tive effects of these compounds against these pathogens
should be definitively demonstrated, it can be assumed
that higher amounts of oximes have played an impor-
tant role for the expressed anti-fungal activity as well as
it was widely reported in literature [8, 9]. As regards to
BP rate effects, our findings are in perfect agreement to
the expected ones, with an increasing effect with the con-
centration. Diversely, for the same targets, no significant
effect of the assay was detected on mycelial reduction
(Table 3), underlining the data reproducibility. Conse-
quently, data of the three assays were combined and ana-
lyzed to calculate parameters of BP fungicidal potency
based on mycelial growth reductions (Table 4).

Values of EC), ECy; and MIC of BPs not ozonizated
were not found for almost all of tested targets except for
Monilia sp., of which only ECy, was determined (Table 4).
Otherwise, in BPs OX amended media ECg, values were
determined for 5 pathogens (B. cinerea, S. sclerotiorum,
Monilia sp., S. rolfsii, and P. nicotianae), ECy; for 3 patho-
gens (S. sclerotiorum, Monilia sp., S. rolfsii) and, only for
S. rolfsii MIC value was also intercepted. For Fusaria, A.
alternata and C. gloeosporioides, BP OX, although sup-
plemented at the highest concentration, was not effective
and no fungal growth parameter was detected. Compre-
hensively, noteworthy were the antifungal potentialities
of BP OX against basidiomycete S. rolfsii, followed by
those found for ascomycetes S. sclerotiorum and Mon-
ilia sp. Although to a lesser extent, also BP OX perfor-
mances versus B. cinerea and the oomycete P. nicotianae
are encouraging. Based on our preliminary data, we may
hypothesize for these sustainable compounds a wide
spectrum of activity versus key fungal pathogens of
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important commercial crops that should be verified in  be observed that the performances in reducing fungal
future in in vivo experiments. growth of BTH at 3000 mg L™" are significantly higher
Figure 5 visually shows the in vitro potentiality of BP,  than those achieved with BP OX at 5000 mg L™}, for B.
BP OX and BTH against fungal targets. Relating to the cinerea, Monilia sp. and P. nicotianae but significantly
fungal pathogens previously found sensitive to the BP OX  lower for S. rolfsii and similar (data not significant) in the
treatments (Table 3, Fig. 5), Fig. 6 shows the compared case of S. sclerotiorum.
effects of BP OX at 5000 mg L™! and BTH at 3000 mg L™ Comprehensively, our data from repeated bioassays
in reducing fungal growth of each target. In detail, it may  represent very remarkable and promising findings, since

Table 3 ANOVA effects of single factors in laboratory on mycelial reductions of some targeted pathogen

Factor B. cinerea Di3A-E2 S. rolfsii Di3A-TP3A S. sclerotiorum Di3A-L3  Monilia sp. Di3A-A1 P. nicotianae
Di3A-B1
F Pvalue F Pvalue F Pvalue F Pvalue F Pvalue
BP Ox treatment 77129 <0.0001 8244.6 <0.0001 111971 <0.0001 1784.02 <0.0001 21207 <0.0001
BP concentration 5560.8 <0.0001 4646.2 <0.0001 9339.80 <0.0001 2862.2 <0.0001 182545 <0.0001
Assay 0.234 0.7924 ns 1.95 0.1577 ns 1.20 0.3135ns 3.1 0.0565 ns 0.09 0.9148 ns

P value of fixed effects associated to F test

Table 4 £C,, FCqs and MIC (mg L™") values of BP and BP OX versus sensitive pathogens

Fungal target BPs BPs OX

ECs, ECys MIC ECs, ECys MIC
Botrytis cinerea Di3A-E2 - - - 4678.7 - -
Monilia spp. Di3A-A1 51344 - - 2469.7 5652.7 -
Sclerotinia sclerotiorum Di3A-L3 - - - 2885.9 53150 -
Sclerotium rolfsii Di3A-TP3A - - - 798.5 4446.0 5000.0
Phytophthora nicotianae Di3A-B1 - - - 5608.3 - -
- not detected

Botrytis cinerea Di3A-E2 Monilia sp. Di3A-A1 Sclerotinia sclerotiorum Di3A-L3 Sclerotium rolfsii DISA-TPSA

=

Unamended control Y A / \ N Unamended control

3000 mg L' BTH 3000 mg L' BTH

100 mg L » i 3 [ f = / / i 100 mg L

Fig. 5 Exemplificative overview of in vitro performances of ADMBW BP and ADMBW BP OX compared with those of BTH in reducing/inhibiting
mycelial growth of Botrytis cinerea, Monilia sp., Sclerotinia sclerotiorum, Sclerotium rolfsii and Phytopthora nicotianae on PDA amended at different
concentrations 108 h after fungal inoculation
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ECg; ECy; and MIC are considered as the most impor-
tant basic parameters to express antifungal properties
and compare preliminary potencies among antifungal
compounds [36]. The BP antifungal properties were
previously reported only for Leptosphaeria maculans,
causal agent of blackleg of oilseed rape (Brassica napus
L.) [25]. For this past report, ADMBW BP revealed good
performances, although to a lesser extent than BTH, in
reducing leaf necrosis. Our findings, although should be
confirmed by in planta assays, clearly showed as BPs OX
could presumably exert a fungicide activity versus a wide
spectrum of key phytopathogenic fungi including asco-
mycetes, basidiomycetes and oomycetes representing
heavy threats for vegetable, fruit and ornamental crops
worldwide. Unlike to previous data [25], further remarka-
ble aspects of this research are that the antifungal proper-
ties of BP OX depend on the target and, surprisingly, this
compound could exhibit in some cases similar or supe-
rior performances than BTH. The collected data obtained
in the present work with the BP and BPox encourage to
implement further R&D work to assess whether the use
of BPs from other biowastes of urban and agriculture
sources will produce similar or better results.

Conclusions

The present work provides further insights into the BP
biostimulant properties reported in previous studies per-
formed on the cultivation of several food and ornamental
plants. Specifically, it points out that, depending on the
cultivated plant species and the applied doses, BPs may
induce increased plant growth or phytotoxic effects. The
detailed analyses of germination indices suggest that the

effect of BPs depends on the species to which is applied
and BP concentration. The ADMBW BP proves to act
as inducer of the germination process, at all the concen-
trations tested on cress and lettuce, exerting no effect
on tomato seeds. ADMBW BP OX showed a different
behaviour, as it resulted a positive effector on cress and
lettuce at low concentrations, but phytotoxic at the high-
est one, in particular in tomato seeds, which was the
most sensitive species. Moreover, to the best of authors’
knowledge, this paper shows for the first time the multi-
ple high potentiality of oxidized biowaste compound to
be used simultaneously against several key phytopatho-
genic fungi. Likewise, the oxidation of BPs obtained
from other biowaste materials may yield products inhib-
iting the mycelial growth of other specific pathogens
that threaten different vegetable and ornamental crops.
Although these results need an in vivo confirmation, this
paper opens the way to a further sustainable exploitation
of biowaste materials through which it might contribute
for a more circular economy, aiming to a multiuse pur-
pose of BPs as biostimulant, herbicide, and antifungal
compounds, depending on their concentration and spe-
cies. Comprehensively, the results of the herein reported
work prospect a feasible development of new BPs-based
farming practices for a more sustainable agriculture.
These findings constitute a further case demonstrating
how the application of low temperature chemical reac-
tions to biowaste might yield high value products. On the
other hand, they allow estimating the economic contribu-
tion of the new BP to support the implementation of the
rising biobased chemical industry, with specific reference
to new MBW fed biorefineries integrating chemical and
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biochemical processes. Moreover, in the actual historical
moment, these results are very interesting, because from
a biowaste as ADMBW, which is worldwide constantly
produced, may be possible to obtain agrochemicals and
fertilizers without the usual feedstocks, which are more
and more expensive.

Abbreviations

BPs: Bioproducts; ADMBW: Anaerobic digestate of municipal biowastes;
ADMBW OX: Oxidized anaerobic digestate of municipal biowastes; EC: Effec-
tive concentration; MIC: Minimum inhibitory concentration; MBW: Municipal
biowaste; LG: Lignin; BTH: Benzothiadazole; GI: Germination Index; GP: Germi-
nation Percentage; MDG: Mean Daily Germination; SVI: Seedling Vigor Index;
MGR: Mean Germination Rate; MGT: Mean Germination Time; GE: Germination
Energy; SE: Speed of Emergence; CRG: Coefficient of the Rate of Germination;
T50: Time required for 50% germination.

Acknowledgements
The authors wish to express their acknowledgements to the LIFEEBP LIFET9
ENV/IT/000004 project for funding this research.

Author contributions

EM: conceptualization: AB, AV, IP, and EP: formal analysis; FF, IC and EP:
investigation; FF and IC: methodology; EM. IP, AV, AB: validation; AB and AV:
supervision; AB: project administration; EM, IP, FF, IC, AV, AB: writing manuscript
draft; IP, AV, AB and EM: providing final draft. All authors read and approved the
final manuscript.

Availability of data and materials
The data used during the current study are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Dipartimento di Agricoltura, Alimentazione e Ambiente, Universita di Catania,
95123 Catania, Italy. 2Dipammento di Scienze Agrarie, Forestali e Alimentari,
Universita di Torino, 10095 Grugliasco, TO, Italy.

Received: 12 July 2022 Accepted: 7 September 2022
Published online: 27 September 2022

References

1. Actions Against Anger USA, World Hunger: Key Facts and Statistics 2021,
https://www.actionagainsthunger.org/world-hunger-facts-statistics.

2. Ellen Macarthur Foundation. Cities in the circular economy: an initial
exploration. 2017. https://ellenmacarthurfoundation.org/cities-in-the-
circular-economy-an-initial-exploration. https://www.ellenmacarthurf
oundation.org/assets/downloads/publications/Cities-in-the-CE_An-Initi
al-Exploration.pdf. https://emf.thirdlight.com/link/6gejeOhxj9n1-2aoa’
7/@/preview/170 Accessed 20 Jun 2019

3. Sheldon-Coulso GA. Production of levulinic acid in urban biorefineries.
Thesis (S.M. In technology and policy). Massachusetts Institute of technol-
ogy, engineering systems division. Technology and policy program, 2011.
https://dspace.mit.edu/bitstream/handle/1721.1/68450/769021899-MIT.
pdf?sequence’s2 Accessed 11 Jun 2022).

20.

21

22.

23.

24,

Page 14 of 15

Montoneri E, Baglieri A, Fascella G. Biostimulant effects of waste derived
biobased products in the cultivation of ornamental and food plants.
Agriculture. 2022;6:994. https://doi.org/10.3390/agriculture12070994.
Montoneri E. Municipal waste treatment, technological scale up and
commercial exploitation: the case of Bio-Waste lignin to soluble lignin-
like polymers. In: Morone P, Papendiek F, Tatiu VE, editors. Food waste
reduction and valorisation: sustainability assessment and policy analysis.
Cham: Springer International Publishing; 2017.

Padoan E, Montoneri E, Bordiglia G, Boero V, Ginepro M, Evon P, Vaca-Gar-
cia C, Fascella G, Negre M. Waste biopolymers for eco-friendly agriculture
and safe food production, and the waste based bioeconomy. Coatings.
2022;12:239. https://doi.org/10.3390/coatings12020239.

Chinthala N. Acetohydroxamic acid: a new reagent for preparation of
oximes, O-Acetyl oximes, amides and benzoxazoles from carbonyl com-
pounds, Osmania University Thesis, 2014, http://hdl.handle.net/10603/
20227, Chapter 2, https://shodhganga.inflibnet.ac.in/bitstream/10603/
20227/5/chapter_2.pdf.European Commission. Industrial policy https://
ec.europa.eu/growth/industry/policy/ (3 Dec 2018).

McLean KJ, Marshall KR, Richmond A, Hunter IS, Fowler K, Kieser T, Gurcha
SS, Besra GS, Munro AW. Azole antifungals are potent inhibitors of
cytochrome P450 mono-oxygenases and bacterial growth in mycobacte-
ria and Streptomycetes. Microbiology. 2002;148:2937-49.

Brauer VS, Rezende CP, Pessoni AM, De Paula RG, Rangappa KS, Nayaka
SC, Gupta VK, Almeida F. Antifungal agents in agriculture: friends and
foes of public health. Biomolecules. 2019;9:521. https://doi.org/10.3390/
biom9100521.

Sevilla-Mordn B, Lépez-Goti C, Alonso-Prados JL, Sandin-Espafa P. Deg-
radation of cyclohexanedione oxime herbicides. In: Price AJ, Kelton JA,
editors. herbicides. London: InTech; 2013.

. Burketova L, Trda L, Ott PG, Valentova O. Bio-based resistance inducers

for sustainable plant protection against pathogens. Biotechnol Adv.
2015;33:994-1004.

Ebiochem, Wholesale 2,1,3-Benzothiadiazole, www.ebiochem.com/produ
ct/2-1-3-benzothiadiazole-71535. Accessed 17 Jun 2004

Rosso D, Fan J, Montoneri E, Negre M, Clark J, Mainero D. Conventional
and microwave assisted hydrolysis of urban biowastes to added value
lignin-like products. Green Chem. 2015;17:3424-35. https://doi.org/10.
1039/c5gc00357a.

Montoneri E, Fabbri G, Quagliotto P, Baglieri A, Padoan E, Boero V, Negre
M. High molecular weight biosurfactants from mild chemical reactions
of fermented municipal biowastes. ChemistrySelect. 2020;5:2564-76.
https://doi.org/10.1002/slct.201904338.

Mumme J, Getza J, Prasad M, Lider U, Kern J, Masek O, Buss W. Toxicity
screening of biochar-mineral composites using germination tests. Chem-
osphere. 2018;207:91-100.

AOSA (Association of Official Seed Analyst). Rules for testing seeds. Asso-
ciation of Official Seed Analyst, USA, 2005.

Puglisi I, Barone V, Fragala F, Stevanato P, Baglieri A, Vitale A. Effect of
microalgal extracts from Chlorella vulgaris and Scenedesmus quadricauda
on germination of Beta vulgaris seeds. Plants. 2020,9(6):675.

. Zucconi F, Pera A, Forte M, de Bertoldi M. Evaluating toxicity of immature

compost. Biocycle. 1981,22:54-7.

Noorhosseini SA, Jokar NK, Damalas CA. Improving seed germination
and early growth of garden cress (Lepidium sativum) and Basil (Ocimum
basilicum) with hydropriming. J Plant Growth Regul. 2018;37:323-34.
Maguire JD. Speed of germination—Aid in selection and evaluation for
seedling emergence and vigor. Crop Sci. 1962;2:176-7.

Ruan S, Xue Q, Tylkowska K. The influence of priming on germination of
rice (Oryza sativa L.) seeds and seedling emergence and performance in
flooded soil. Seed Sci Technol. 2002;30(1):61-7.

Soltani E, Ghaderi-Far F, Baskin CC, Baskin JM. Problems with using mean
germination time to calculate rate of seed germination. Aust J Bot.
2015;63(8):631-5. https://doi.org/10.1071/BT15133.

Chiapusio G, S’anchez AM, Reigosa MJ, Gonzalez L, Pellissier F. Do germi-
nation indices adequately reflect allelochemical effects on the germina-
tion process? J Chem Ecol. 1997,23(11):2445-53.

Coolbear P, Francis A, Grierson D. The effect of low temperature pre-
sowing treatment on the germination performance and membrane
integrity of artificially aged tomato seeds. J Exp Bot. 1984;35(11):1609-17.


https://www.actionagainsthunger.org/world-hunger-facts-statistics
https://ellenmacarthurfoundation.org/cities-in-the-circular-economy-an-initial-exploration
https://ellenmacarthurfoundation.org/cities-in-the-circular-economy-an-initial-exploration
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Cities-in-the-CE_An-Initial-Exploration.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Cities-in-the-CE_An-Initial-Exploration.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Cities-in-the-CE_An-Initial-Exploration.pdf
https://emf.thirdlight.com/link/6geje0hxj9n1-2aoa77/@/preview/1?o
https://emf.thirdlight.com/link/6geje0hxj9n1-2aoa77/@/preview/1?o
https://dspace.mit.edu/bitstream/handle/1721.1/68450/769021899-MIT.pdf?sequence¼2
https://dspace.mit.edu/bitstream/handle/1721.1/68450/769021899-MIT.pdf?sequence¼2
https://doi.org/10.3390/agriculture12070994
https://doi.org/10.3390/coatings12020239
http://hdl.handle.net/10603/20227
http://hdl.handle.net/10603/20227
https://shodhganga.inflibnet.ac.in/bitstream/10603/20227/5/chapter_2.pdf.European
https://shodhganga.inflibnet.ac.in/bitstream/10603/20227/5/chapter_2.pdf.European
https://ec.europa.eu/growth/industry/policy/
https://ec.europa.eu/growth/industry/policy/
https://doi.org/10.3390/biom9100521
https://doi.org/10.3390/biom9100521
http://www.ebiochem.com/product/2-1-3-benzothiadiazole-71535
http://www.ebiochem.com/product/2-1-3-benzothiadiazole-71535
https://doi.org/10.1039/c5gc00357a
https://doi.org/10.1039/c5gc00357a
https://doi.org/10.1002/slct.201904338
https://doi.org/10.1071/BT15133

Fragala et al. Chem. Biol. Technol. Agric.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2022) 9:69

Jindfichova B, Burketova L, Montoneri E, Francavilla M. Biowaste-derived
hydrolysates as plant disease suppressants for oilseed rape. J Clean Prod.
2018;183:335-42.

Mufoz Z, Moret A. Sensitivity of Botrytis cinerea to chitosan and acibenzo-
lar-S-methyl. Pest Manag Sci. 2010;66:974-97.

Youssef K, Roberto SR, Colombo RC, Canteri MG, Abd-Elsalam KA.
Acibenzolar-S-methyl against Botrytis mold on table grapes in vitro and
in vivo. Agronomy Sci Biotechnol. 2019;5:52-61.

Panebianco A, Castello |, Cirvilleri G, Perrone G, Epifani F, Ferrara M,
Polizzi G, Walters DR, Vitale A. Detection of Botrytis cinerea field isolates
with multiple fungicide resistance from table grape in Sicily. Crop Prot.
2015;77:65-73.

Vitale A, Panebianco A, Polizzi G. Baseline sensitivity and efficacy of
fluopyram in Botrytis cinerea from table grape in Italy. Ann Appl Biol.
2016;169:36-45.

Montoneri E, Rosso D, Bucci G, Berto S, Baglieri A, Mendichi R, Quagliotto
P, Francavilla M, Mainero D, Negre M. Ozonization to upgrade waste-
derived soluble lignin-like substances to higher value products. Chemis-
trySelect. 2016;1:1613-29.

Alvarenga P, Palma P, Gongalves AP, Fernandes RM, Cunha-Queda AC,
Duarte E, Vallini G. Evaluation of chemical and ecotoxicological charac-
teristics of biodegradable organic residues for application to agricultural
land. Environ Int. 2007;33(4):505-13.

Islam AKMM, Kato-Noguchi H. Phytotoxic activity of Ocimum tenuiflorum
extracts on germination and seedling growth of different plant species.
SciWorld J. 2014;2014: 676242. https://doi.org/10.1155/2014/676242.
Sandin-Espafa P, Sevilla-Moran B, Alonso-Prados JL, Santin-Montanya I.
Chemical behaviour and herbicidal activity of cyclohexanedione oxime
herbicides. In: EI-Ghany Hasaneen MNA, editor. Herbicides. London:
InTech; 2012.

Burgstahler RJ, Lichtenthaler HK. Inhibition by sethoxydim of phospho-
and galactolipid accumulation in maize seedlings. In: Siegenthaler PA,
Eichenbarger W, editors. Structure, function and metabolism of plant
lipids. Amsterdam: Elsevier; 1984.

Baglieri A, Reyneri A, Gennari M, Négre M. Organically modified clays as
binders of fumonisins in feedstocks. J Environ Sci Health B Pestic Food
Contam Agric Wastes. 2013;48(9):776-83.

Li JL, Liu XY, Xie JT, Di YL, Zhu FX. A comparison of different estima-

tion methods for fungicide ECs, and ECqy5 values. J Phytopathol.
2014;163:239-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1155/2014/676242

	New insights into municipal biowaste derived products as promoters of seed germination and potential antifungal compounds for sustainable agriculture
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Materials
	Experimental conditions for BPs performance on seed germination
	Seed germination indices
	In vitro BP performances against phytopathogenic fungi
	Determination of EC50, EC95 and MIC versus target fungi to evaluate BP potentiality
	Statistical analyses

	Results and discussion
	BP production processes
	Characterization of ADMBW BP and ADMBW BP OX
	BP performance on seed germination
	Effects of BP, BP OX and BTH in reducing mycelial growth of phytopathogenic fungi

	Conclusions
	Acknowledgements
	References




