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Abstract: An agronomic strategy to mitigate climate change impact can be the build-up of soil
organic carbon. Among agronomic management approaches, the administration of organic fertilizers
like livestock manure represents an effective strategy to increase soil organic carbon. However,
livestock manure usually contains a high amount of water, reducing its sustainable delocalization
and impacting on greenhouse gas emissions and nutrient leaching. Furthermore, the possible
presence of weed seeds and harmful microorganisms could reduce the agronomic value of the
manure. To overcome these issues, the combined effects of dewatering, composting and pelleting
were investigated on livestock manure to produce sustainable organic fertilizers. Our results showed
that composting and pelleting can represent a feasible and sustainable solution to reduce the potential
risks related to the presence of weed seeds and harmful bacteria, concentrating nutrients and allowing
a sustainable valorization and delocalization of the livestock manure. In addition, the processed
manures were assessed as fertilizers in the growing medium (GM), displaying an increase in water
retention and nutrient availability and a decrease of GM temperature and weed seed emergences.
However, further study is needed to validate, both in open field and greenhouse productions,
the effects of the proposed fertilizers in real cropping systems.
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1. Introduction

The increase of the soil organic carbon (SOC) content represents one of the most common
agronomic practices to mitigate climate change impacts [1,2]. Farmers can adopt different agronomic
strategies to increase the SOC content and, among them, the administration of livestock manure is one
of the most used [3], especially in dairy areas.

Livestock manure contains a relatively greater proportion of organic carbon and mineral nutrients;
hence, livestock manure might be used to partially replace inorganic fertilizers in crop production [4–7].

Nowadays the demand for an increase in food production and the necessity to reduce the
production costs is leading to a worldwide increase in the utilization of cheaper fertilizers such as
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organic ones. However, the nutrient availability of the livestock manure sometimes is not properly
exploited. Current management and application of the raw manure can contribute to reduced soil and
water qualities due to the leaching of nutrients and phytotoxic elements [8]. Moreover, livestock manure
can only be used in soil close to the production site due to its greater water content, reducing its
possible delocalization [9]. Lastly, other problems related to the use of the livestock manure can be the
presence of weed seeds and harmful microorganisms [10,11].

Currently, composting represents one of the most common methods used to valorize different
organic by-products allowing their utilization as a soil amendment [12–15].

From this point of view, composting is a fundamental process both in terms of the stability and
availability of nutrients contained in the organic matrices as well as for a correct recycling of the
by-products, especially for sustainable management of soil fertility [16].

The use of composted livestock manure is favored over untreated manure due to its lower
volume and smaller particle size, allowing an easier handling and facilitating a higher uniform
application [9]. Considering all these aspects, manure valorization through the production of organic
fertilizers is a promising solution to increase the sustainable management of the manure, especially in
agricultural areas with a high livestock concentration, as well as in areas affected by groundwater
nitrate pollution [17].

Dewatering (solid-liquid separation) and composting are two processes that can reduce the water
content and the load of harmful microorganisms of the livestock manure. However, composting is
commonly conducted with an average temperature of ~70 ◦C, that does not allow a drastic reduction
of the microbial populations [18,19]. In addition, dewatering and composting are not able to reduce the
water content of the organic matrices under 30% and the possible presence of seed weeds might reduce
the agronomic valorization of the products obtained. In this respect, Pulvirenti et al. [20] reported that
pelleting might be an available solution to drastically reduce the water content to ~7% and inactivating
harmful microorganisms contained in the solid digestate.

Livestock manure can be used as an eco-friendly source considering that the majority
of nutrients contained in the livestock manure remain after the dewatering, composting and
pelleting processes [20–23].

To the authors’ knowledge, there are few reports on these aspects, and taking into account all the
aspects mentioned above, the aim of the present work was to provide feasible technologies to produce
organic fertilizers, valorizing livestock manure.

The combined effect of dewatering, composting and pelleting was assessed to reduce the water
content, the harmful microorganisms and the seed weeds in the organic fertilizers produced from
livestock manure, allowing safe use and sustainable delocalization of the organic fertilizers suitable
also for their use under organic farming system in accordance with the Fertilizing Products Regulations
(EU) 2019/1009 and (EU) 2019/1010.

2. Materials and Methods

The present study was performed using livestock (cattle) manures collected from a farm that
produces the PDO (Protected Denomination of Origin) cheese Parmigiano Reggiano, located in Felina,
Reggio Emilia, Italy (44◦27′01.2” N 10◦28′07.1” E, altitude 664 m a.s.l.).

Latteria Sociale del Fornacione provided two types of manures for this study: farmyard manure
and solid fraction of the dewatered slurry. Fresh dairy slurry was separated into liquid and solid
phases using a screw press solid-liquid separator. Subsequently, both farmyard manure and dewatered
slurry were composted through a static pile of 2 m3 (on the farm) for 113 days, and turned weekly.

Composting temperature was recorded through a PT100 thermal sensor (Gandolfi, Parma, Italy),
situated in the center of the pile. Fifty-five days of thermophilic phase were followed by a further
2-month curing period. Each of the raw materials and the compost obtained were sampled at
different points of the pile and two bulk samples were analyzed for the following parameters: pH,
electrical conductivity (EC), total solid (TS), total nitrogen (N), ammoniacal N (N-NH4

+), total organic
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carbon (TOC), ratio between TOC and N (C/N), total phosphorous (P), potassium (K), total extractable
carbon (TEC), humic and fulvic acids (HA + FA), non-humified fraction(NH), degree of humification
(DH), humification rate (HR), humification index (HI), according to the respective procedures indicated
in Baffi et al. [24] and Ronga et al. [25]. Moreover, the dewatered and composted slurry was pelleted as
described by Pulvirenti et al. [20] and analyzed for the main chemical parameters (TS, N, TOC, C/N,
P and K) as described above. Pelleting was only applied on dewatered and composted slurry because
it was the only material that showed the complete absence of stones, an important characteristic to
avoid any damage during the pelleting phase.

All the fertilizers investigated (farmyard manure, dewatered slurry, compost and pellet) were also
analyzed to determine the presence of aerobic mesophilic colony forming unit and Enterobacteriaceae as
reported by Setti et al. [12] and Clostridia spp. as described by Ronga et al. [26].

In addition, farmyard manure, dewater slurry (fresh and composted) and pellets were investigated
in a preliminary study to assess their use as fertilizer in a growing medium like peat. A potting
experiment was performed in a growth chamber with programmed temperature ranging from 23 to
19 ◦C (day/night), relative humidity ranging from 50% to 60%, and a photoperiod composed of 16 h of
light and 8 h of dark. Plastic pots (diameter 10 cm and height 8 cm, 0.4 L) were filled with commercial
peat (Fondolinfa® Universale, Linfa Spa, RE, Italy). Each pot was placed in a pot saucer and arranged
in a completely randomized design with five replicates; pots were manually irrigated every day up to
the GM water capacity. Briefly, the experiment was carried out using 0.1 g of N pot−1 for each treatment
(farmyard manure, dewater slurry (fresh and composted) and pellets) and monitored for 30 days for
the following parameters: GM humidity, temperature and EC (using a sensor Teros 11/12, Meter Group,
Washington, USA), weed emergence and N mineralized and lost (calculated as the difference between
total N at the beginning of the experiment and total N at the end; N was measured as described before).

The experimental data were analyzed using GenStat 17th software (VSN International,
Hemel Hempstead, UK) for analysis of variance (ANOVA). Means were compared using Duncan′s test
at p < 0.05.

3. Results and Discussion

Butler et al. [14] reported that the main beneficial agronomic effects of adopting composted
manure are the stability and maturity of the product obtained. In fact, in the case of using untreated
organic residues as soil improver, an imbalance in nutrient availability and phytotoxicity effects can be
observed on plant growth.

As expected, the principal effect of dewatered slurry was a remarkable increase in important
parameters such as total solids, total organic C and C/N, and decreasing EC (Table 1) compared to the
raw slurry.

Regarding composting effect, both for farmyard manure and dewatered slurry, a significant
increase of the following parameters was observed: pH, TS, N, P, K and DH. Meanwhile, a decrease of
the C/N was recorded, due to the partial organic matter degradation and an increase of N. In addition,
during composting, in both the piles (farmyard manure and dewatered slurry) the thermophilic phase
recorded temperature values that exceeded 60 ◦C for at least 14 days (data not shown), as requested
to achieve good sanitation. Our data agreed with several published works performed on different
composted organic matrices [16,26–29].

Pelleting was carried out only on dewatered and composted slurry which, compared to composted
farmyard manure, displayed the complete absence of stones. This characteristic is mandatory because
the presence of stones, even in small size (<2 mm), could cause serious damage to the machine during
the pelleting phase. When compared to dewatering and composting, pelleting showed a drastic
increase of the concentration of specific nutrients (TOC, N and P and K). This effect can be mainly
ascribed to the drastic reduction of the water content of the assessed material from ~29% to ~8%,
as already reported by Pulvirenti et al. [20]. In addition to the expected beneficial effect on the nutrient
concentration, the reduced water content can allow a cheaper transportation and distribution of the
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organic fertilizers, valorizing their delocalization and sustainable use. In fact, Hara [30] suggested that
composted livestock manure is difficult and costly to transport due its high moisture content and a
high volume per unit of weight, as well as a large storage space is required. The same author reported
that the production costs are related to the volume of the fertilizer produced, indicating an average
cost of ~3.00 euro per 20 kg bag. Finally, the cost of fertilizer is largely determined by the transport and
distribution costs. Ncube et al. [31] indicated that transport costs often accounting for ~50% of the
delivered price to farmers.

Table 1. Chemical characteristics of the raw and processed livestock manures.

Parameters

Farmyard Manure Dewatered Slurry
Pellet from DCS

Fresh Composted Fresh Composted

25 July 2019 15 November 2019 25 July 2019 15 November 2019 10 December 2019

pH 7.93 9.00 *,y 7.36 8.78 *,y -
EC (mS cm−1) 3.76 4.68 *,y 1.44 1.03 -

TS (% WB) 23.35 33.41 * 29.82 71.28 * 94.21 z,y

Total N (% WB) 0.45 0.80 * 0.43 0.77 * 1.91 z,y

N-NH4
+ (% WB) 0.32 * 0.09 0.08 * 0.004 -

TOC (% TS) 45.28 43.52 57.28 *,y 30.34 31.73 *
C/N 23.64 * 18.20 40.17 *,y 28.23 z 15.68

Total P (% WB) 0.10 0.19 * 0.13 0.28 * 0.48 z,y

K (% WB) 0.75 1.22 * 0.40 0.99 * 1.75 z,y

TEC (% TS) 15.57 *,y 9.62 13.23 *,y 10.68 -
HA+ FA (% TS) 10.15 *,y 7.33 8.52 7.97 -

NH (% TS) 5.42 *,y 2.30 4.71* 2.70 -
DH (%) 65.00 76.00 *,y 64.00 75.00 *,y -
HR (%) 17.00 22.00 *,y 15.00 26.00 *,y -
HI (-) 0.53 *,y 0.31 0.55 *,y 0.34 -

EC = electrical conductivity, TS = total solids, WB = wet basis, N = nitrogen, N-NH4
+ = ammoniacal N, P = total

phosphorus, K = potassium, TEC = total extractable carbon, HA + FA = humic and fulvic acids, NH = non-humified
fraction, DH = degree of humification, HR = humification rate, HI = humification index, DCS = dewatered and
composted slurry. * = indicates a significant difference between fresh and composted organic fertilizer. For DCS, z is
used for significant difference compared to composted and dewatered slurry. y = indicates a significant difference
among the values of the same row.

Regarding the microbiological analysis (Table 2), the dewatered and composted slurry showed the
highest load of aerobic mesophilic bacteria, while the lowest values of Enterobacteriaceae and Clostridia
spp. were detected in the same pelleted material (dewatered and composted slurry). These results are
in accordance with the data reported by Setti et al. [12] and Pulvirenti et al. [20]. Pelleting-derived
material displayed better microbial characteristics than composting-derived one because only vegetative
microbial cells are sensitive to temperatures lower than 65 ◦C (recorded during composting), while the
reduction of bacterial spores can be obtained by reaching higher temperatures [32]. In fact, high pressure
and temperature (~90 ◦C) reached during the pelleting phase were probably the main causes of the
drastic reduction of the microorganisms investigated [20]. However, the fertilizers obtained could
allow the re-growth of microorganisms due to a non-hygienic condition, especially if not properly
stored [33].

The organic fertilizers studied in the present work were also investigated in a short-term
potting experiment in order to assess their main agronomic effects on the growing medium like
peat. All the tested fertilizers increased the water retention of peat, reducing its temperature and
increasing EC (Table 3).

Using composted farmyard manure, dewatered and composted slurry and the latter pelleted,
no emergence of any weed was recorded, while an average value of one weed per pot was observed for
the pots fertilized with the farmyard manure and dewatered slurry.
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Table 2. Main microbiological parameters assessed on raw and processed livestock manures.

Treatments Aerobic Mesophilic
Bacteria (CFU g−1)

Enterobacteriaceae
(CFU g−1)

Clostridia spp.
(CFU g−1)

Farmyard manure 3.20 × 106 e 1.05 × 106 b 8.56 × 104 b
Composted farmyard manure 2.06 × 108 b 7.81 × 104 cd 3.55 × 104 c

Dewatered slurry 9.07 × 107 c 1.19 × 105 c 1.23 × 104 d
Dewatered and composted slurry 2.79 × 108 a 2.80 × 106 a 1.66 × 106 a

Pelleted-DCS 4.84 × 106 de 8.71 × 103 d 1.25 × 104 d

DCS = dewatered and composted slurry; CFU = colony forming unit. Means followed by the same letter do not
significantly differ at p < 0.05.

Table 3. Parameters investigated in the potting experiment using raw and processed livestock manures
as organic fertilizers.

Treatment Volumetric Water
Content (m3 m−3)

GM Temperature
(◦C)

GM Electrical
Conductivity

(mS cm−1)

Weed Emergence
(no. pot−1)

Nitrogen Mineralizd
and Lost
(g kg−1)

Not fertilized 0.11 d 25.2 a 0.39 c 0 b -
Farmyard manure 0.14 c 25.0 b 0.47 b 1 a 0.004 d

Composted farmyard manure 0.12 c 25.1 ab 0.41 bc 0 b 0.009 c
Dewatered slurry 0.16 b 24.8 c 0.53 ab 1 a 0.027 a

Dewatered and composted slurry 0.18 b 24.7 b 0.57 a 0 b 0.016 b
Pelleted-DCS 0.20 a 24.4 c 0.56 a 0 b 0.018 b

GM = growing medium; DCS = dewatered and composted slurry. Means followed by the same letter do not
significantly differ at p < 0.05.

Finally, among the organic fertilizers tested in the pot experiment, dewatered slurry displayed
the highest value of N mineralized and lost, followed by dewatered and composted slurry and the
latter pelleted. Considering these results, the fertilizers showing a high N mineralized with a high
capacity to increase soil water retention might be used in the production of crops that require greater
availability of N and water such as tomato [34–37]. Moreover, farmyard manure and composted
farmyard manure displayed lower values of N mineralized and lost, probably due to the lower values
of the volumetric water content of the growing medium; however, further investigation is required to
corroborate this hypothesis.

Mineralization is driven by microorganisms and affected by several factors such as temperature,
soil moisture, soil properties, and manure characteristics [38]. Among nutrients, N mineralization
is reported to increase with increasing soil temperature [39,40]. In addition, mineralization is high
with the value of soil moisture close to the field capacity, and declining when soil is drying [39].
This information fits with the results recorded during the potting experiment. In fact, the highest
values of N mineralized and lost were displayed for the treatments related to high values of water
retention, while temperatures, even if statistically different, fluctuated in a short range between 24.4 ◦C
and 25.2 ◦C.

4. Conclusions

To the authors’ knowledge, this is the first study to investigate the suitability of a combined effect
of the proposed technologies to valorize and delocalize livestock manure. The pellets obtained in the
present study showed a drastic reduction of water content and of harmful microorganisms. Furthermore,
they were free of weed seeds. Pellets also displayed a high nutrient availability, improving water
retention and reducing the temperature of the growing medium. Considering the importance of
organic matter to mitigate climate change, the combined effect of the proposed technologies reduced
the TOC, however, maintaining the most stable carbon, and allowing a higher delocalization of the
livestock manure from the production sites. Therefore, despite the need for further investigations,
the combined effects of dewatering, composting and pelleting might be proposed as a suitable solution
to reduce water content, harmful microorganisms and weed seed, increasing nutrient concentration
and the sustainable delocalization of the livestock manure. However, further research is needed to



Agronomy 2020, 10, 661 6 of 8

validate our preliminary results more in depth, especially on the economic sustainability and impacts
of greenhouse gas emissions and as well as the agronomic effects, both in the open field and greenhouse
crop production, of the proposed fertilizers at real farm scale.
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