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Abstract
The effects of olive pomace (OP) compost application on yield and quality of organic emmer, on soil characteristics, and on
heavy metals accumulation in plant and soil have been evaluated. The research was carried out inMediterranean environment for
four consecutive years comparing the application of OP compost in two doses and with the addition of a bio-activator. These
fertilizing treatments were compared to a commercial organic amendment and an unfertilized control. The application of OP
compost ensured both a comparable level of yield than the commercial fertilizer and a high content of protein in the grain,
suggesting that it could be an interesting strategy of fertilization for organic emmer. No remarkable heavy metals’ accumulation
was found in the plant and soil. Low transfer coefficients and soil accumulation were recorded at the end of experiment,
indicating that OP compost could be used as suitable soil amendment, ensuring at the same time an eco-friendly recycling of
waste materials. It can optimize organic emmer yield production, sustain soil fertility, and reduce pollution risks linked to the
landfill disposal. These results are interesting to develop nitrogen fertilizer strategies for emmer crop, which is an underutilized
ancient cereal that well fits for organic production.
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1 Introduction

The olive (Olea europaea L.) oil agro-industry generates
large amounts of wastes and by-products, mainly in the
Mediterranean countries. In particular, olive pomace (OP)
is a semisolid by-product, with high contents of water
(56.6–74.5%), phenols, lipids, and organic acids, which
is obtained from the two-phase extraction system
(Chowdhury et al. 2013). The OP is characterized by sea-
sonal accumulation, and its disposal by direct land-
application could represent a potential threat to the envi-
ronment (Canet et al. 2008). This is due to phytotoxic and
bacteriostatic substances (e.g., polyphenols) and elevated

salt concentration (Gigliotti et al. 2012). However, the
aerobic degradation process of composting could drasti-
cally reduce the content of phytotoxic compounds content
in olive mill by-products (Diacono et al. 2012). By
mixing OP with bulking materials (e.g., cereal straw or
pruning wastes) to produce compost, such by-product
could be easily recycled in agriculture, since it contains
high content of organic matter and nutrients (Montemurro
et al. 2009).

In the southern regions of the Mediterranean area, soil
organic matter content is extremely low. This is because
of a fast soil mineralization process, due to climatic con-
ditions, which determines soil fertility reduction and neg-
ative effects on physical, chemical, and biological proper-
ties of the soil (Montemurro et al. 2004; Cayuela et al.
2010). The proper recycling of the organic agro-industrial
wastes as soil amendments, instead of the use of mineral
fertilizers, may represent a solution either for their dispos-
al, or to replace the losses of organic matter in soil, thus
sustaining soil fertility and agricultural production
(López-Piñeiro et al. 2011). The application of these ma-
terials is crucial in organic agriculture, where the level of
soil organic matter is one of the most important issues.
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Nevertheless, despite several benefits, repeated applica-
tions of composted on-farm and industrial waste materials
could induce adverse impacts on the environment, because
they are often characterized by significant concentrations of
heavy metals. The presence of heavy metals in organic mate-
rials can either increase the soil concentration of these toxic
elements or cause accumulation in plants tissues
(Karagiannidis 1999), with possible negative effects on hu-
man and animal health, therefore, they should be monitored.

The agricultural policy of the European Community
solicits to reduce fertilizer N application in crop culti-
vation, due to the increased concern about the effects of
intensive production systems on water resources, soil,
and atmosphere. To this end, a possible solution is to
use organic fertilizer bio-activators. Since several spe-
cies of bio-activators have been isolated, many experi-
ments have been conducted to test bacteria (Mycorrhiza
and Azospirillum bacteria) as inoculants to enhance the
performance of plants. For example, Adesemoye et al.
(2008) found that a commercial plant growth-promoting
rhizobacteria and arbuscular mycorrhiza fungi promoted
corn plant growth and yield, by enhancing nutrient up-
take, thereby removing more nutrients from the field.
Scientific and industrial interests for these microorgan-
isms derive from the possibility to reduce the applica-
tion of mineral N fertilizers, due to improved N uptake
from soil sources. In rice crop, bio-activators had poten-
tial to economize up to 25% of recommended dose of
N, improving its use efficiency without compromising
crop productivity (Prasad Babu et al. 2015).

Soil fertility management relies not only on recycling of
organic wastes but also on crop rotation and cropping systems,
according to best agronomical practices. Within this context,
the organic production of cereals in crop rotations is not only
important for feed and food, but also for contribution to soil
fertility. According to Giuliani et al. (2009), emmer is an
underutilized ancient cereal, suitable for development in mar-
ginal rural areas, particularly fitting for organic production
because of its great adaptability.

However, in contrast with these findings already known,
there is a lack of knowledge on how it is possible to quantify
and assess the sustainability in terms of yield, soil fertility, and
recycling the OP compost in organic agriculture, since its dis-
tribution can play a crucial role, to close the loop of production
according to Circular Economy principles. To cover these de-
ficiencies and based on the considerations above, the objec-
tives of this field trial in an organic emmer crop were the
following: (i) to investigate the effects of OP compost and
commercial organic fertilizer (both pure or plus bio-activator),
on emmer yield and quality parameters; (ii) to assess the im-
pact of the tested experimental treatments on selected soil
properties; and (iii) to evaluate the effects of OP compost on
the heavy metals accumulation both in plant and soil.

2 Materials and Methods

2.1 Study Site

The study has been conducted in the research farm BAzienda
Sperimentale Metaponto^ of the Research Centre for
Agriculture and Environment, Council for Agricultural
Research and Economics (CREA-AA), Metaponto (MT), in
southern Italy.

The s i te i s charac te r ized by an Baccen tua ted
thermomediterranean^ climate (Unesco-FAO 1963), with
winter temperatures which can fall below 0 °C, summer tem-
peratures which can rise above 40 °C, and rainfall unevenly
distributed during the year, being concentrated mainly in the
winter months. The mean annual precipitation is slightly
higher than 500 mm, while the mean annual pan evaporation
rate reached 1700 mm. Soil is classified as a Typic Epiaquert,
according to the Soil Taxonomy definition (Soil Survey Staff
1999), the clay and silt contents being 60 and 36%, respec-
tively, and the average soil bulk density 1350 kg m−3.

2.2 Composting Set-up

The OP was collected from two-phase centrifugation olive oil
milling industries in southern Italy. A composting windrow of
OPmixed with different organic residues was made in an open
field. In particular, the compost mixture consisted of
82 kg 100 kg−1 of OP, 10 kg 100 kg−1 of poultry manure,
and 8 kg 100 kg−1 of wheat straw. Homogenization and oxy-
genation were ensured through continual monitoring of
composting mixture humidity and temperature, by turning
over the material. The moisture ranged between 50 and
60%, whereas the temperature ranged between 50 and 60 °C
in the thermophylic phase (40 days) and 35–45 °C in the
mesophylic phase (150 days).

The main chemical characteristics of the obtained compost
are the following: pH = 8.63; total organic carbon =
245.2 g kg−1; total nitrogen = 23.44 g kg−1; total phosphorus =
7053 mg kg−1; Cu = 98.81 mg kg−1; Zn = 202.5 mg kg−1;
Pb = 30.82 mg kg−1; Ni = 5.55 mg kg−1. Since the initial com-
post mixture was similar from year to year, we did not find
significant differences among final composts.

2.3 Experimental Setup, Treatments
and Measurements

Within a 4-year emmer-lentils rotation, the research on emmer
(Triticum dicoccum L. cv. Lucanica) was carried out from
2009–2010 to 2012–2013 season. In the trial years, the field
experiment was setup with the same experimental design and
crop management. To study the cumulative effect on soil and
to avoid the possible confounding effect of sites on treatments,
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the same plots were used in each season. Each plot consisted
of 40 m2 (5 × 8 m).

In a randomized complete block experimental design with
three replications, the following treatments were compared:
A = olive pomace compost applied as Bamendment^; C = ol-
ive pomace compost applied as Bfertilizer^; OF = commercial
organic fertilizer allowed in organic farming (Fertil – ILSA)
with 12.5% of organic N and 70% of organic matter; OF_b =
commercial organic fertilizer plus a bio-activator containing a
mixture of microorganisms, enzymes, and nutrients
(Euroactiv agro, Eurovix s.r.l.); C_b = OP compost applied
as Bfertilizer^ plus bio-activator. These treatments were also
compared to an unfertilized control (N0).

For C and C_b treatments, the OP compost was distributed
on the soil to allow an application of 50 kg ha−1 of N, in
accordance with the fertilization local practices and, therefore,
this distribution was indicated as Bfertilizer.^ Considering the
total N amount of OP compost (2.34%) and the percentage of
its humidity (20%), 1.7 t ha−1 of compost for these two treat-
ments was distributed. Conversely, for the A treatment, a fixed
amount of 8 t ha−1 was applied, in accordance with the amend-
ment local practices (distribution indicated as Bamendment^).
The organic materials were applied about 1 month before
sowing, and immediately tilled into the soil (about 15 cm
depth). The bio-activator composition was as follows: organic
carbon 38% on dry matter basis; humified organic carbon
(HA + FA)-C 10%, organic N 4%, C/N ratio 9.3, Cu max
70 p.p.m., Zn max 200 p.p.m., salinity 50 meq/100 g.

Emmer sowing occurred at the end of November—first
decade of December, and harvest occurred since the first de-
cade of June to the first decade of July. The emmer sowing rate
was about 150 kg of seeds ha−1. At harvest time, the grain
yield (at 13% of humidity), total dry matter, number of stems
m−2, 1000 seeds weight, and number of seeds m−2 were de-
termined in the middle of each plot. Total N contents of grain
and straw were determined by elementary analyzer CHNS/O
(Analyzer Flasch 2000 Thermo scientific) on 5 mg of milled
sample, allowing the calculation of N uptake (N content ×
biomass dry weight). Moreover, for the agronomic quality
assessment, the grain protein content was obtained by multi-
plying the grain N content by 5.70 (Baker 1979).

At the beginning (t0) and at the end of the experiment (tf),
five soil sub-samples (0–30 cm layer) were taken from each
elementary plot, pooled in one sample for replication and
treatment, air dried, ground to pass a 2-mm sieve and then
analyzed. The data at t0 were the mean of all treatments, since
the replications were pooled in one sample. On samples, the
following soil characteristics were determined: soil N-nitrate
(NO3

−, mg kg−1) extracted by 2 M KCl (1:10, w/v) and mea-
sured by continual flow colorimetry according to Henriksen
and Selmer-Olsen (1970); total organic carbon measured by
Walkley-Black method to estimate organic matter (OM,
g kg−1) by using the conventional BVan Bemmelem factor^

of 1.724, which is based on the assumption that the OM con-
tains 58% carbon; total Nitrogen (N, g kg−1) determined by
the Kjeldahl method; available P by the Olsen and Sommers
method (Olsen and Sommers 1982); exchangeable K extract-
ed by BaCl2 and triethanolamine according to Page et al.
(1982) methodologies, and assayed by Inductively Coupled
Plasma-Optical Emission spectrometry ICP-OES. Moreover,
on soil, plants, and compost samples, the total heavy metals’
(Zn, Cu, Ni, and Pb) contents were determined. The first step
was the microwave digestion with hydrochloric/nitric acid
solution, according to UNI EN 13346/2002; then, the heavy
metals have been quantified by ICP-OES, according to
EPA6010C/2007. Finally, the balance and the transfer coeffi-
cients of the heavy metals were calculated. The transfer coef-
ficients were determined by using the plant and soil heavy
metals content measured at the fourth experimental year.
They were obtained by dividing the concentration of each
heavy metal in the emmer plants by its content in the corre-
sponding soil sample (Mantovi et al. 2003). For the metals
balance, soil application and plant uptake parameters were
calculated as the sum of the four trial years. In particular, soil
accumulation was calculated by the difference between the
final soil content and the sum of soil initial content, soil appli-
cation, and seeds uptake.

The statistical analysis was carried out by using the general
linear model procedures of the SAS package. Differences
among the treatments were evaluated with the Duncan’s mul-
tiple range test (DMRT) at the 0.05 probability level.

3 Results

3.1 Yield, Yield Components, and Quality Parameters

Grain yield value was higher in OF and C_b plots than N0, by
34.7 and 33.9% respectively, whereas A, OF_b, and C deter-
mined intermediate results (Table 1). In particular, the activat-
ed compost (C_b) increased the yield in absolute value by
20.6% than the simple C, while this enhancement was not
found when the bio-activator was added to the commercial
organic fertilizer. The seeds’ number trend was almost the
same of yield, showing that OF reached the highest value
and N0 the lowest one. Conversely, no significant differences
were found among the treatments for the other physiological
(number of stems per square meter), productive (total dry mat-
ter), and qualitative (1000 seeds weight) parameters.

In absolute value, the N content of grain and the protein
content were higher in the not activated compost treatment C
compared to C_b (11.64 and 11.63%, respectively).
Conversely, the application of bio-activator increased these
parameters when it was applied in association with commer-
cial organic fertilizer, whereas in N0, there was the lowest
values. The control treatment also showed the lowest grain
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N uptake, which was lower by 39.8% than the average of all
the other treatments, and these latter were not significantly
different among them. Finally, no significant differences were
found among treatments for both total plant N and total N
uptake parameters.

3.2 Effect of Tested Treatments on Soil Fertility

Soil nitrate content at the end of the rotation was lower in OF
and N0 than the other treatments (Table 2). In particular, the
N0 value was lower by 74 and 73% than in the OF_b and C_b
treatments, respectively, which showed the highest values.
The A treatment determined the significantly highest value
in OM, also being the only one that showed a higher OM
content than the initial one. The OF and C treatments (both
with and without bio-activator) showed intermediate values,
while N0 had the lowest one. In particular, the compost ap-
plied as Bamendment^ (A) had a OM content higher by 16%
than the average of the observed intermediate values. No sig-
nificant differences were found among treatments in both total
N and available P, even if the final values were higher than the
initial level except for OF_b in total N, and OF and C_b in
available P. The highest exchangeable K was found in com-
post applied as Bfertilizer^ (C), whereas both OF and OF_b

showed lower values. Furthermore, A and C treatments in-
creased N, P, and K values as compared to the initial levels.

3.3 Effect of Tested Treatments on Heavy Metals Fate

After 4 years of OP compost application, the mean values of
Zn, Cu, Ni, and Pb in the soil were very similar to those of t0
(Table 3). No significant difference was also found among the
treatments A, OF, C, and N0 in each heavy metal content,
even if the A and C treatments showed higher values than
OF, N0 for Cu, and C for Pb. The OF_b and C_b plots were
not analyzed since they were different than OF and C only for
the bio-activator application, which did not contain heavy
metals. Similar results were found for emmer grain heavy
metals content, since no statistical differences were recorded
among treatments in all parameters. Furthermore, the mean of
the absolute values in grain was substantially lower than those
indicated as toxic levels for animal feeding.

According toMantovi et al. (2003), the transfer coefficients
of heavy metals from soil to emmer crop were calculated
(Table 4). The values were obtained by dividing the content
of each heavy metal in the grain emmer by its content in the
corresponding soil sample measured at the fourth trial year.
No significant differences were found for this parameter in Zn,
Cu, and Pb contents among treatments, whereas the A treat-
ment showed a significant increase of Ni (+ 25% in compari-
son with the mean of the other treatments).

Finally, in Table 5, the heavy metal balance for A, C, and
N0 fertilizer treatments is reported. The initial and final soil
levels of all the heavy metals were much higher than those of
soil application obtained distributing OP compost in both
doses (A and C treatments). Also, the emmer grain uptake
(sum of the 4 years) for each heavy metal was very low as
compared to the initial and final soil contents, and, as a con-
sequence, the heavy metals soil accumulation showed the
same behavior of the absolute values. In any case, positive
values of soil accumulation were only recorded for Cu both
in A and C treatments, while all other calculations showed
negative responses.

Table 2 Soil chemical characteristics at the beginning (t0) and at the
end of the 4-year trial period

Treatments NO3 OM Total N Available P Exchangeable K

mg kg−1 g kg−1 g kg−1 mg kg−1 mg kg−1

Values at t0 20.6 1.29 31.0 459

A 57.7a 21.5a 1.51 38.6 464a

OF 35.3b 17.9b 1.40 29.1 288b

OF_b 66.9a 17.3b 1.12 36.4 294b

C 54.6a 19.1b 1.46 39.0 592a

C_b 64.5a 19.7b 1.29 28.8 386a

N0 17.2c 16.1c 1.43 32.1 326b

The values in the same column followed by different letters are signifi-
cantly different at p ≤ 0.05 (Duncan’s multiple range test)

Table 1 Emmer yield, yield components, and quality (4-year average)

Treatments Grain yield
(13% humidity)

No. of
stems m−2

Total dry
matter

1000 seeds
weight

No. of
seeds m−2

Grain N
content

Plant N Grain protein
content

Grain
N uptake

Total
N uptake

t ha−1 t ha−1 g % % % Kg ha−1 Kg ha−1

A 1.39ab 557 13.57 57.64 2444ab 1.60a 0.42 9.33a 22.24a 73.39

OF 1.59a 567 13.11 56.40 2861a 1.40ab 0.40 8.16ab 22.26a 68.30

OF_b 1.43ab 598 12.07 58.31 2458ab 1.57a 0.38 9.15a 22.45a 62.88

C 1.31ab 624 11.04 56.07 2354ab 1.63a 0.60 9.50a 21.35a 79.73

C_b 1.58a 626 12.29 58.66 2732ab 1.46ab 0.30 8.51ab 23.06a 64.83

N0 1.18b 655 12.80 55.04 2165b 1.35b 0.50 7.87b 15.93b 68.20

The values in the same column followed by different letters are significantly different at p ≤ 0.05 (Duncan’s multiple range test)
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4 Discussion

4.1 Yield, Yield Components, and Quality Parameters

The C_b treatment determined a higher yield than the compost
both supplied as Bamendment^ and Bfertilizer^ (A and C
plots), maybe due to the low temperatures that could have
reduced their mineralization processes, whereas the presence
of the bio-activator in C_b could have fostered the organic
matter decomposition, due to selected microorganisms
(Table 1). This finding confirmed the results of Prasad Babu
et al. (2015) on another cereal, who reported that the bio-
activator increased the efficiency of crop fertilization.
Conversely, in our study, its application did not enhance yield
quality.

The highest emmer yield was obtained by OF treatment (+
14.39 and 21.37% in comparison with A and C treatments),
while due to either a higher mineralization rate of this organic
fertilizer (Canali et al. 2011) or a long cropping cycle of em-
mer, the protein content was lower than 14.34 and 16.42%,
respectively. Therefore, the application of commercial organic
fertilizer enhanced the N level during vegetative stages, in-
creasing emmer production, but reduced the N availability at
the end of cycle thus decreasing the quality of grain. This
result should be taken into account in organic farming

production, where the quality is at least as important as quan-
tity (Diacono et al. 2012).

The yielding and qualitative parameters of N0 treatment
confirm that the absence of fertilization is not a sustainable
practice. This is true not only in conventional agriculture
(Marino et al. 2016) but also in organic one, as the case of this
study, in which emmer was included in a biannual rotation
with a leguminous plant, specifically cropped to sustain soil
fertility. However, the N0 treatment reached the same total N
uptake, but showed the significantly lowest grain N uptake,
indicating that the large amount of N uptake remains in the
strawwithout the translocation in the grains. The good amount
of total N uptake recorded in all treatments could be due to the
leguminous crop in the rotation, studied in this experiment.
The 1000 seeds weight showed no significant difference
among treatments, while the significantly highest number of
seeds per square meter was obtained in OF treatment, suggest-
ing that the fertilizing strategies influenced the emmer crop
fertility.

These findings suggest that the application of eco-friendly
practices (OP, rotation, and bio-activator) in organic produc-
tion, as promoted by the agricultural policy of the EU, should
be earlier studied at the farming system level to avoid yield or
quality reduction.

4.2 Effect of Tested Treatments on Soil Fertility

Starting from the same soil chemical characteristics at the
beginning of the experiment, the highest values of nitrate were
found when OP compost (C and A treatments) and bio-
activator (OF_b and C_b) were applied (Table 2). At the end
of the cropping cycles, the highest amounts of nitrate were
obtained by the fertilizing treatments as compared to the N0
one. These findings indicated that a share of N mineralized
from the organic amendment remained in the soil, with the
possibility to loss by leaching if there is not a subsequent crop
that can take up this readily-available amount of N, as

Table 3 Heavy metals content in
the soil (at beginning and end of
trial field) and in the emmer grain
(at the end of the trial field)
compared to the toxic levels

Soil contents Grain contents

Zntot Cutot Nitot Pbtot Zntot Cutot Nitot Pbtot

mg kg−1 mg kg−1 mg kg−1 mg kg−1 mg kg−1 mg kg−1 mg kg−1 mg kg−1

A 85.2 23.4 29.9 41.6 25.7 5.8 26.9 10.5

OF 93.7 20.8 36.0 44.3 32.7 8.1 24.8 12.0

C 79.0 24.9 36.3 48.0 32.1 6.7 25.2 11.4

N0 87.0 19.1 33.6 37.9 28.2 7.5 26.6 11.4

Soil values
at t0

87.3 22.3 35.9 45.0 – – – –

Toxic level
for animal
feeding*

– – – – 900 115 50 30

*National Research Council (1980)

Table 4 Heavy metals
transfer coefficient from
soil to emmer plant,
according to the fertilizer
treatments

Zn Cu Ni Pb

A 0.30 0.25 0.90a 0.25

OF 0.35 0.39 0.69b 0.27

C 0.41 0.27 0.69b 0.24

N0 0.32 0.39 0.79b 0.30

The values in the same column followed
by different letters are significantly differ-
ent at p ≤ 0.05 (Duncan’s multiple range
test)
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suggested by Anwar et al. (2018). Our results highlighted that
this share of nitrate present in the soil at the end of emmer
cultivation, together with the estimation of N mineralization
from organic materials, should be borne in mind when formu-
lating fertilizer recommendations for the subsequent
cultivations.

The application of OP compost as Bamendment^ (A treat-
ment) determined statistically higher levels of organic matter
and exchangeable K compared to the N0 and, even if without
statistical difference, also for total N and available P.
Furthermore, this treatment increased organic matter and total
N of the 4.4 and 17.0%, respectively, as compared to the soil
initial level. The same positive effects were recorded on soil
characteristics for C treatment, indicating that the application
of OP compost is important, at least in organic agriculture and
considering a long-term period. The recycling of OP through
its composting is also important to follow and close the loop of
agricultural production applying the indications of the
European Community on the action plan for the Circular
Economy (EC 2015); therefore, the findings of this research
can contribute to increase the knowledge on this aspect. The
same results were found with the application of different or-
ganic materials in cereal and leguminous crops (Montemurro
et al. 2015; Saleem et al. 2017). Conversely, the application of
commercial organic fertilizer (OF) reduced the levels of or-
ganic matter, available P, and exchangeable K compared to the
values of these parameters at t0, suggesting that, even if the
yield of OF reached the highest performance, its sustainability
is not the best for the long period time.

4.3 Effect of Tested Treatments on Heavy Metals Fate

The content of all heavy metals in the soil (Table 3), at the end
of field experiment, showed no significant difference among
treatments and were very similar to those recorded at the be-
ginning of the experiment, except for Cu which showed a
slight increase in the C and A treatments. These findings con-
firm the results obtained by Russo et al. (2015), who found
that the determination of some biomarkers to pollutants and
heavy metals of the OP excluded any kind of soil pollution in
the medium-term period.

Similarly, the content of all heavy metals in the grain em-
mer at the end of trial field showed no significant difference
among treatments and were substantially lower compared to
the toxic level for animal feeding, which were indicated by the
National Research Council (1980). Therefore, our results
showed no accumulation in emmer grain, thus suggesting no
negative effects on human or animal health. In any case, the
level of heavy metals should be always monitored, since their
presence could cause deleterious health effects in people that
are exposed to soil-plant systems, as suggested by Zhang et al.
(2018). The low level of heavy metals’ accumulation in em-
mer plant was also confirmed by the transfer coefficients,
which were always less than one unit (Table 4). However,
the A treatment reached a significant increase of Ni by 20%
than the mean of the other treatments, as a consequence of
repeated large application of OP compost over 4 years. The
other heavy metals showed both no significant difference
among treatments and low values of transfer coefficient, indi-
cating that emmer could be fertilized with organic materials, at
least in the short-middle-term period.

No remarkable soil accumulation of heavy metals was
found in the treatments at the end of field experiment
(Table 5). The only positive values of soil accumulation were
found in A and C for Cu, and this result was a consequence of
either the mobility in the soil, due to organic matter degrada-
tion by soil micro-organisms (Quantin et al. 2002), or to sam-
pling effects. Therefore, the accumulation in the soil of heavy
metals after OP compost application could be observed only
after a continuous application throughout the years on the
same land, as suggested by Zhang et al. (2006).
Furthermore, the heavy metals’ accumulation in the soil was
also low, because of their concentrations in the OP compost
were always under the current limit values imposed by the
Italian legislation (Legislative Decree No. 217 2006). The
initial and final soil contents of heavy metals were much
higher than both those applied with the OP compost and up-
takes by emmer crop, even if the levels of heavy metals at t0
were relatively high. This behavior could be due to the low
capability of this crop to accumulate heavy metals in the plant,
since the accumulation can depend not only on the genotype
but can be also as a consequence of many other parameters,

Table 5 Heavy metals balance in the soil according to fertilizer treatments

Zn Cu Ni Pb

A C N0 A C N0 A C N0 A C N0

Initial soil content 353.6 353.6 353.6 90.3 90.3 90.3 145.4 145.4 145.4 182.3 182.3 182.3

Soil application 6.48 1.38 0.00 3.16 0.67 0.00 0.18 0.04 0.00 0.99 0.21 0.00

Grain uptake 0.124 0.117 0.106 0.028 0.026 0.024 0.130 0.123 0.110 0.051 0.048 0.043

Final soil content 345.1 320.0 352.4 94.8 100.8 77.4 121.1 147.0 136.1 168.5 179.4 153.5

Soil accumulation − 15.1 − 35.1 − 1.3 1.3 9.8 − 13.0 − 24.6 − 1.5 − 9.4 − 14.8 − 3.1 − 28.8
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i.e., soil characteristics, climatic factors, and agronomic
managements.

Finally, the findings of this research showed no variation in
the soil heavy metals’ deficit as a consequence of repeated OP
compost application. As suggested by Montemurro et al.
(2010), the deficit should be equal to zero, which is the best
compromise between crop uptake, soil application, and accu-
mulation. Since the values found in this research were in this
direction, it is possible to confirm the low bioavailability of
heavy metals in the soil and emmer plant.

5 Conclusions

The results of this research indicated that the application of OP
compost in organic emmer is an interesting strategy of fertil-
ization, since its utilization ensures a good level of yield and a
high level of protein content in the grain. The findings showed
no substantial accumulation of heavy metals both in the soil
and emmer crop, since the transfer coefficients and soil accu-
mulation at the end of the 4-year field trial were very low.
Therefore, the OP compost utilization could be used not only
to provide a useful N source in organic farming, as it was
observed in this study, but also to reduce the input of mineral
fertilizers in conventional agriculture and to recycle waste in
an eco-friendly way. However, since it is of utmost importance
to protect the environment, it is always important to monitor
plant and soil heavy metals’ concentration, also calculating
their balance and transfer coefficients, so giving information
in middle-long term applications of organic materials.
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