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Abstract: While processing tomato cultivation (Solanum lycopersicum L.) is considered one of the
most important industrial crops in Greece, a waste known as tomato pomace is growing significantly
high. Notably, the tomato pomace presents enormous opportunities for the creations of organic
fertilizers. The aim of this study was to investigate the use of tomato pomace as a fertilizer in the same
crop. A field experiment was established at the Agricultural University of Athens during 2018 and
2019 in a randomized complete design with five treatments (control, inorganic NPK (NPK), Tomato
pomace and Biocycle Humus Soil (Tp and BHS), Tomato pomace and Farmyard manure (Tp and
FYM), and Tomato pomace and Compost (Tp and CM). Physical soil properties such as soil porosity
and penetration resistance were improved by the application of organic blends. Additionally, soil
nitrogen content ranged from 0.10% (control and NPK) to 0.13% (Tp and FYM). A significant increase
of yield was noticed under organic fertilization where the highest yield of 8.00 tn ha−1 was recorded
in Tp and BHS (2018). Lycopene content was significantly affected by fertilization and its highest
values were 87.25 (Tp and BHS; 2018), and 88.82 mg kg−1 fresh (Tp and FYM; 2019). Regarding
fruit firmness, the three organic blends did not have statistically significant difference. In addition,
the Total Soluble Solids (TSS) was significantly affected by the fertilization and the maximum value
was 4.80 ◦Brix (Tp and CM; 2018). In brief, tomato pomace blended with organic fertilizers was
yielded considerable since it improved soil quality and increased yield.

Keywords: processing tomato pomace; soil properties; fertilization; processing tomato; lycopene

1. Introduction

The tomato (Solanum lycopersicum L.) is one of the most significant vegetables world-
wide, as it ranks second in production and consumption after potatoes, and has been
conceded for its various health benefits, being rich in carotenoids (lutein, lycopene), vita-
min C, antioxidants, potassium, and low in cholesterol [1–4]. There are two categories of
tomato cultivation; the fresh consumption and the processing tomato cultivation, which is
about converting the tomatoes into various other products besides using it as a vegetable
(tomato juice, paste, purée, ketchup, sauce, and salsa). The preliminary 2020 total Associa-
tion Méditeranéenne International de la Tomate—Mediterranean International Association
of the Processing Tomato (AMITOM) countries production is at 17.46 million tons, while
specifically in Greece the final volume is 430,000 tones [5]. Tomato crops are one of the
most demanding crops in terms of water and fertilizer [6]. Especially, nitrogen fertilization
plays an important role in plant growth, photosynthesis, and quality of the fruits, while
the overall uptake is around 300 kg N ha−1 [7]. Nevertheless, the growing density of
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population and food demands have led to the excessive and widespread application of
fertilizers use to meet the need of people [8].

This has led to huge and irreversible environmental impacts and undesirable con-
sequences of degradation in soil, water, and air quality. Soil acidification and nitrous
oxide (N2O) emissions are accountable for global warming and nitrogen groundwater
leaching. Furthermore, ammonia based- nitrogen fertilizers have provoked soil acidity
and infertility, while health problems have occurred due to groundwater contamination of
nitrate- nitrogen [9]. In addition, Zisi et al. (2020) showed that ammonia-based fertilizers
have a negative impact on the ecosystem, as they caused mortality in earthworms, which
are bio-indicators [10]. Therefore, it is necessary the reduction of soil N losses by increasing
N-use efficiency and enhance soil N storage.

On the other hand, because of the huge increase of food production, a major issue
regarding the accumulation, handling, and disposal of processing waste that have negatives
environmental impacts has been created. About 250 million tons of byproducts and waste
are produced per year, while 30 to 50% of those come from fruit and vegetables [11].

The use of processing tomato waste as an organic fertilizer can be an alternative and
sustainable solution of all the mentioned issues. Specifically, massive amounts of tomato
byproducts are created, which are known as tomato pomace [12]. Pomace consists primarily
of skins, pulp and seeds that remain after the fruit has been disrupted and pressed, while it
constitutes 4% of the fruit weight. Due to high levels of carbohydrates (25–50%), pomace
is an assumed source of beneficial micro-organisms growth in soil [13]. Protein content
varies between 15.4 to 23.7%, total fats 5.4 to 20.5% and mineral content range between 4.4
to 6.8% [12]. Tomato pomace leftovers can be used as animal feed due to its ingredients, as
mentioned above, especially in poultry.

Continuous cropping without rotations, the large use of inorganic fertilizers, and non-
selective pesticides are responsible for the soil quality loss. Soil quality and soil organic
matter are interrelated characteristics, so the high level of organic matter in processing
tomato pomace compost is going to stimulate the soil quality and improve the plant
growing conditions. Soil compost amendments are beneficial in many ways as they
contain a full spectrum of essential plant nutrients, release the nutrients slowly, adjust
pH levels to the optimum range for nutrient availability to plants, increase the microbial
activity and biodiversity and enhance the root system [14]. Processing tomato pomace
can represent the source of organic matter that will be composted and returned to soil.
According to the literature, there were ideas to direct integration of processing tomato
pomace into soil, but it failed in controlling nematode Meloidogyne incognita infestation [15].
An effective sanitation of processing tomato wastes is mandatory, it suppresses pathogens
and stabilizes organic matter because of the higher temperatures and the growth of aerobic
microorganisms [16,17]. Additionally, from a recent study we carried out in Greece, we
used the leftovers of tomato pomace as fertilizer in sweet maize cultivation, where its use
showed positive results in plant growth [18]. Therefore, they could be used as fertilizer in
other crops as well.

This may be the key to take advantage of the huge masses of waste organic matter of
processing tomato and minimize the above-mentioned environmental issues, as well as to
diminish the degradation in soil, water, and air quality. The objective of this study was to
evaluate the influence of processing tomato pomace composts in the soil properties and in
tomato crop yield and quality characteristics in typical clay-loam Mediterranean soil.

2. Materials and Methods
2.1. Experimental Design

A field experiment with processing tomato (Solanum lycopersicum Mill. ‘Heinz 3402′

F1) cultivation was undertaken in two crop seasons of 2018 and 2019, from May until
August, at the Agricultural University of Athens, located at latitude 37◦59′1.70” N, longitude:
23◦42′7.04” E and altitude: 29 m above sea level. The experiment was settled on clay loam
soil (with the following characteristics: 29.8% clay, 34.3% silt, and 35.9% sand), while the
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main soil physic-chemical properties were pH 7.29 (1:1 H2O), organic matter 1.47%. It was
abundant in potassium (K) 201 mg kg−1 soil, it had total available phosphorus (P) of
13.2 mg kg−1 soil, total available nitrate-nitrogen (NO3 -N) of 12.4 mg kg −1 soil and the
CaCO3 percentage was 15.99% [19]. All field, cultivation, and crop measures were applied in
accordance with organic agricultural technology recommendation [20]. Weather conditions
(mean air temperature and total rainfall) are shown in Figure 1, during the growing period,
which were obtained from the weather station of Agricultural University of Athens.

Agronomy 2021, 11, x  3 of 16 
 

 

2. Materials and Methods 
2.1. Experimental Design 

A field experiment with processing tomato (Solanum lycopersicum Mill. ‘Heinz 3402′ 
F1) cultivation was undertaken in two crop seasons of 2018 and 2019, from May until Au-
gust, at the Agricultural University of Athens, located at latitude 37°59′1.70″ N, longitude: 
23°42′7.04″ E and altitude: 29 m above sea level. The experiment was settled on clay loam 
soil (with the following characteristics: 29.8% clay, 34.3% silt, and 35.9% sand), while the 
main soil physic-chemical properties were pH 7.29 (1:1 H2O), organic matter 1.47%. It was 
abundant in potassium (K) 201 mg kg−1 soil, it had total available phosphorus (P) of 13.2 
mg kg−1 soil, total available nitrate-nitrogen (NO3 -N) of 12.4 mg kg −1 soil and the CaCO3 
percentage was 15.99% [19]. All field, cultivation, and crop measures were applied in ac-
cordance with organic agricultural technology recommendation [20]. Weather condi-
tions (mean air temperature and total rainfall) are shown in Figure 1, during the growing 
period, which were obtained from the weather station of Agricultural University of Ath-
ens. 

 
Figure 1. Meteorological data at experimental area for the growing seasons 2018 and 2019. 

The total precipitation was 196.6 mm in 2018, and 5.8 mm in 2019. 
The experimental facility covers an area of 800 m2 and it was laid out in a completely 

randomized design (CRD) (Table S1), with four replications and five fertilization treat-
ments: control (untreated), inorganic fertilizer NPK (20:10:10, 200 kg N ha−1, 100 kg P2O5 
ha−1, 100 kg K2O ha−1), processing tomato pomace with biocyclic humus soil (50% tomato 
pomace + 50% biocyclic humus soil) at a rate of 3000 kg ha−1, tomato pomace with manure 
(50% tomato pomace +50% farm yard manure) at a rate of 3000 kg ha−1, and tomato pomace 
with compost (50% compost +50% processing tomato pomace; 3000 kg ha−1 ). The plot size 
was 40 m2. Soil was prepared by ploughing at a depth of about 25 cm. The fertilizers man-
ually applied presowing on topsoil and were harrowed in. Processing tomato seedlings 
transplantation was held on the 3rd and 5th of May for 2018 and 2019, respectively. Pro-
cessed tomato seedlings (Solanum lycopersicum Mill. cv. Heinz 3402 F1) were manually 
transplanted, inter row spacing was 50 cm and intra row spacing was 30 cm. The irrigation 
was held by hand and ceased on the 1st and 3rd of August for 2018 and 2019 respectively. 
During the experimental period, weeds were controlled by hand almost every three 
weeks. Throughout the experimental period, there was no incidence of pest or disease on 
the processed tomato crop. 

  

0
10
20
30
40
50
60
70
80

0

5

10

15

20

25

30

35

May June July August

Pr
ec

ip
ita

tio
n 

 (m
m

)

M
ea

n 
Te

m
pe

ra
tu

re
  (

T°
C)

Precipitation 2018  (mm) Precipitation 2019  (mm)

Mean Temperature 2018  (T°C) Mean Temperature 2019  (T°C)

Figure 1. Meteorological data at experimental area for the growing seasons 2018 and 2019.

The total precipitation was 196.6 mm in 2018, and 5.8 mm in 2019.
The experimental facility covers an area of 800 m2 and it was laid out in a completely

randomized design (CRD) (Table S1), with four replications and five fertilization treatments:
control (untreated), inorganic fertilizer NPK (20:10:10, 200 kg N ha−1, 100 kg P2O5 ha−1,
100 kg K2O ha−1), processing tomato pomace with biocyclic humus soil (50% tomato
pomace + 50% biocyclic humus soil) at a rate of 3000 kg ha−1, tomato pomace with manure
(50% tomato pomace +50% farm yard manure) at a rate of 3000 kg ha−1, and tomato
pomace with compost (50% compost +50% processing tomato pomace; 3000 kg ha−1).
The plot size was 40 m2. Soil was prepared by ploughing at a depth of about 25 cm.
The fertilizers manually applied presowing on topsoil and were harrowed in. Processing
tomato seedlings transplantation was held on the 3rd and 5th of May for 2018 and 2019,
respectively. Processed tomato seedlings (Solanum lycopersicum Mill. cv. Heinz 3402 F1)
were manually transplanted, inter row spacing was 50 cm and intra row spacing was 30 cm.
The irrigation was held by hand and ceased on the 1st and 3rd of August for 2018 and
2019 respectively. During the experimental period, weeds were controlled by hand almost
every three weeks. Throughout the experimental period, there was no incidence of pest or
disease on the processed tomato crop.

2.2. Biocyclic Humus Soil

The biocyclic humus soil, with 2.8 g total nitrogen, 0.8 g P2O5, 0.6 g total potassium,
7.6 units electrical conductivity (1:5) pH, cation exchange capacity (C.E.C.) meq 91.9 per
100 g humus soil, was made from 100% plant materials and mostly from by-products from
olive oil mills. The raw materials, which were sourced from Biocycle Vegan Company
were 50% olive leaves, 30% olive pomace, 10% grape pomace, and 10% ripe humus soil.
An aerobe composting process was followed in rows with a height of 1.5 m and a width
of 2.5 m. A compost windrow turner was used to obtain the aeration and hydration of
the raw materials. After five to six months of the composting process, a mature substrate
quality compost was achieved. To turn the mature compost into humus soil, a three-year
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maturation process followed. The outcoming material was beyond the maturation of the
substrate and had a more soil-like structure suitable for direct planting. It was certificated
according to the Biocyclic Vegan Standard, which became a global standard and a full
member of the IFOAM’s Organic Family of Standards in December 2017 [21]. The charac-
teristics of processing tomato pomace composts used as soil amendments are presented
in Table 1. According to the European Commission, it does not meet the physical and
chemical properties for compost to be used as a fertilizer for 100% tomato pomace, but it
can be used in a mixture.

Table 1. Characteristics of tomato pomace composts used as soil amendments.

Organic Matter (%) EC (mS cm−1) pH N Total (%) P Olsen (ppm) K (ppm) Mg (ppm)

Tp and BHS 51 1.71 7.28 2.78 14 31 0.78
Tp and FYM 54 1.68 7.41 3.1 21 33 0.66
Tp and CM 41 1.74 7.36 2.88 16 31 0.32

Tp and BHS: tomato pomace and biocycle humus soil; Tp and FYM: tomato pomace and farmyard manure; Tp and CM: tomato pomace
and compost.

2.3. Plant Material

The processing tomato hybrid that was grown was Heinz 3402 F1. It is suitable for me-
chanical harvesting; its growing cycle is 120 days. It is tolerant to Verticillium sp., Fusarium sp.,
Meloidogyne sp., and Pseudomonas syringae. It gives excellent yields in both dry and wet field
conditions. The fruits are smooth, uniform, ∼= 66 g with ◦ Brix = 5.1 on average. They are
also well preserved thanks to the characteristic of prolonged maintenance of the hybrid in
the field.

2.4. Soil and Root Measurements

As for soil measurements, penetration resistance (PR) was measured to a depth
of 0 to 30 cm, with digital penetrologger (Model, 06.15, Eijkelkamp.Eq. Ltd, Giesbeek,
The Netherlands). Mean weight diameter (MWD) of soil aggregates was determined
using the oscillation device Analysette 3 (Spartan, Fritsch Ltd., Oberstein, Germany) at
110 days after transplanting. The oscillation time was 4 min., using 2 kg of air-dried soil
from a depth of 0 to 60 cm and sieve mesh sizes of 20 to 40, 10 to 20, 5 to 10, 2 to 5, and
<2 mm. The MWD is equal to the sum of the products of the average diameter, xi, each
fraction of size and proportional weight, wi, of the corresponding size fraction, and it was
calculated using the Equation (1) given by Van Bavel (1949):

MWD =
n

∑
i=1

xiwi, (1)

where xi is the mean diameter of each size fraction/size class midpoint, and wi is the
proposition of the total sample weight occurring in the corresponding size fraction [22].

The total porosity (St) of soil was estimated using the Equation (2) [23]:

St(%) =
−1− Db

Dp
, (2)

where St is the total pore spaces, Dp is the particle density (2.5 g cm−3), and Db is the soil
bulk density.

The soil total nitrogen was determined by the Kjeldahl method, using a Buchi 316
device for burning. Basal soil respiration (CO2-C) was determined using the titration
method [24]. The organic matter was determined by the Walkey-Black method [17], for
the 0 to 15 cm depth for every plot. Root samples were collected by a cylindrical auger
(25 cm length, 10 cm diameter), from the 0 to 30 cm and 30 to 60 cm layers, at the midpoint
between successive plants within a row. Three samples per layer per plot were analyzed
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at 110 DAT. For each sample, the roots were separated from the soil after being soaked in
a solution of water + (NaPO3)6 + Na2CO3 for 24 h and then decanted into a 0.1% trypan
blue FAA staining solution (a mixture of 10% formalin, 50% ethanol and 5% acetic acid
solutions). For the determination of root length density (RLD), the root samples were
placed on a high-resolution scanner (Epson Perfection V330 Photo; Seiko Epson Corp.,
Nagano-ken, Japan) using DT software (Delta-T Scan version 2.04; Delta-T Devices Ltd.,
Burwell, Cambridge, UK) [25]. The root mass density (RMD) was determined after drying
for 48 h at 70 ◦C. The percentage of root length colonized by AM fungi was determined
microscopically with the gridline-intersection method at a magnification of×30 to×40 [26].

Regarding to the roots, the samples were collected in six different DAT (20, 40, 60, 80,
100, and 120 DAT) with two samples per treatment. They were washed over a 5 mm
mesh sieve. In addition, a formalin/acetic acid/alcohol (FAA) staining solution was
used. Root density (cm of root 100 cm−3 soil), root surface (cm2 of root 100 cm−3 soil),
as well as root volume (cm3 of root 100 cm−3 soil) were determined in millimeters using a
high-resolution scanner, using DT-software (Delta-T Scan version 2.04; Delta Devices Ltd.,
Burwell, Cambridge, UK) [27].

2.5. Vegetation and Yield Measurements

Dry weight per plant, which include roots, stem and leaves, was measured. For these
measurements, tomato plants were allowed to grow for 110 days and then four randomly
selected plants were carefully removed from each plot and transferred to the lab. The plant
samples were dried for 72 h at 64 ◦C and then measurements were taken.

Data were collected from four randomly selected plants from each plot; viz., fruit
yield number of fruits plant−1, fruit diameter, average fruit weight (g) and yield (ha−1).
Fruit diameter (mm) was determined by a Starrett EC799A-6/150 electronic digital caliper
(L.S. Starrett Co., Athol, MA, USA) with an exactness of 0.02 mm.

2.6. Quality Traits Methods

Seven to 10 mature fruits per plot, selected at random, were picked using four ran-
domly selected plants to estimate the quality characteristics. The samples were stored in the
freezer until the final measurements. More specifically, fruit firmness was measured, after
freezing, on the equator of each fruit by recording the endurance to puncture, making use
of a Chatillon DFIS-10 penetrometer (John Chatillon, Greensboro, NC, USA), which was
set up on a Chatillon TCM 201-M motorized force test stand (John Chatillon and Sons, Inc.,
Greensboro, NC 27425, USA), while it was adjusted to a 6.3 mm-diameter conical needle
penetrating to a depth of 0.6 cm at a constant speed of 200 mm min−1. Fruit skin color was
periodically measured with a tristimulus Minolta Chromameter CR300 colorimeter (Kon-
ica Minolta, Inc., Sakai, Osaka 590-8551, Japan). Data were expressed as L* (dark/light),
a* (green/red) and b* (blue/yellow) values. Measurements occurred on each fruit (at the
equatorial area of the pericarp) and mean values were then estimated. Color index (CI)
was calculated using the following formula [28]:

CI = 1000a*L* − 1b* − 1.

Lycopene assessment was directed through an ultrasonic-assisted extraction (UAE) and
the experimental results were analyzed by response surface methodology (RSM) adjusted
according to Eh and Teoh (2012) [29]. Lycopene molar extinction E = 17.2 × 104 M−1 cm−1 in
n-hexane was used for lycopene content determination [30]. The lycopene concentration was
expressed as mg kg−1 fresh weight [31]. Total soluble solids content (TSS) was determined by
the hand-held refractometer Schmidt & Hänsch HR32B (Schmid & Haensch GmbH & Co.,
13403 Berlin, Germany), owing a susceptibility of 0.2 ◦Bx.

To measure titratable acidity, samples of N/50 NaOH using 1% phenolphthalein
(1 g phenolphthalein in 100 mL of 95% ethyl alcohol) were applied as the indicator and
TTA was calculated as the percentage of citric acid, as the conventional method expressing
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the acidity of tomato [32]. Two matured fruits from two plants per plot that were selected
randomly with a titration of 10 mL of diluted tomato were used.

The software SigmaPlot 12 statistical (Systat Software Inc., San Jose, CA, USA) was
used for the evaluation of the experimental data, using a randomized complete block
design (RCBD). Values were compared by analysis of variance (ANOVA) and the mean
values were compared using Tukey’s test (p < 0.05). Correlation analyses were performed
to observe the existence of relatedness between yield and quality characteristics; while it
was assessed using Pearson’s correlation. All comparisons were accomplished using the
least significant difference (LSD) test at the 5% level of probability.

3. Results
3.1. Soil Characteristics

Soil characteristics as affected by different fertilizations are presented in Table 2. Soil
porosity was significantly raised after the application of organic blends. This increase was
up to 12.32% (year A) and 33% (year B), which is the comparison between control and the
highest value (Tp and BHS for both years). The highest value was noticed in Tp and BHS
(46.49%; year A, and 54.87%; year B) which had no statistically significant difference with
Tp and FYM (46.17%) in 2018. Soil porosity under inorganic fertilization was observed to
be lower than the control in the first year, in contrast to the second year (41.39% and 43%
respectively), however, there is no statistically significant difference.

Table 2. Soil characteristics as effected by fertilizer treatments (control, NPK, Tp and BHS, Tp and FYM, and Tp and CM).

Fertilizers
Total Soil
Porosity

(%)

Pen
Resistance

(MPa)

Soil
Organic
Matter

(%)

MWD
(mm)

Soil N
Total
(%)

CO2
mg/100 g/

24 h /25 ◦C

Root
Density

(mm.cm−3)

AMF
(%)

2018

Control 41.39 a 2.53 b 2.34 a 10.14 a 0.101 a 48.50 a 2.10 a 31.53 a

NPK 41.36 a 2.50 b 2.35 a 9.81 a 0.106 a 46.25 a 2.25 a 34.11 a

Tp and
BHS 46.49 b 2.21 a 2.63 b 13.42 b 0.123 b 74.25 b 3.20 b 47.41 b

Tp and
FYM 46.17 b 2.21 a 2.81 c 12.97 bc 0.132 b 90.75 c 3.08 bc 46.60 bc

Tp and CM 44.74 c 2.20 a 2.59 b 12.50 c 0.127 b 64.50 d 2.93 c 43.85 c

2019

Control 41.25 a 2.61 c 2.3 a 9.88 a 0.101 a 52.2 a 2.22 a 33.30 a

NPK 43.0 a 2.52 c 2.37 a 9.92 a 0.111 a 47.21 a 2.31 a 36.40 a

Tp and
BHS 54.87 2.16 a 2.7 b 13.4 b 0.124 b 81.22 b 3.10 b 55.20 c

Tp and
FYM 46.22 2.20 b 2.84 c 13.24 b 0.136 c 98.32 c 2.99 b 49.00 b

Tpand CM 44.01 2.27 b 2.67 b 12.82 b 0.128 b 70.24 b 2.87 b 44.40 b

F fertil,2018 42.08 *** 9.34 *** 81.81 *** 155.49 *** 125.15 *** 87.75 *** 197.25 *** 113.26 ***
F fertil,2019 30.07 ** 7.22 ** 77.7 ** 117.2 *** 89.8 ** 92.2 *** 111.12 *** 122.2 ***

F year × fertil ns ns ns ns ns ns ns ns

Tp and BHS: tomato pomace and biocycle humus soil; Tp and FYM: tomato pomace and farmyard manure; Tp and CM: tomato pomace
and compost. F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test.
Significance levels: ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05).

In 2018, organic blends did not significantly differ among them (Table 2) while in 2019
Tp and BHS (2.16 MPa) differed with Tp and FYM (2.20 MPa), and Tp and CM (2.27 MPa).
Values of penetration resistance ranged from 2.16 (Tp and BHS; 2018) to 2.61 MPa (control;
2019). In second year, penetration resistance decreased under organic fertilization.
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Furthermore, organic treatments had positive effects on organic matter compared
with control and inorganic fertilizer treatments. Tp and BHS and Tp and CM did not
significantly differ in both years. In Tp and FYM, higher values were observed (2.81%;
2018, and 2.84%; 2019) and these values were 19.5%, and 19.8% higher than the inorganic
fertilizer. Additionally, statistically significant, lower MWD (p < 0.001) was found in control
(10.14 mm; 2018, and 9.88; 2019) and inorganic fertilizer (9.81 mm; 2018, and 9.92; 2019)
compared to organic blends (Table 2). The highest value was noticed under Tp and BHS
(13.42 mm) and lowest under NPK (9.81 mm) in the first year, and in the control (9.88 mm)
in second year. Regarding the N total, it was significantly affected by fertilization and the
values varied between 0.101% (control) and 0.136% (Tp and FYM).

As shown in Table 2, organic fertilization obviously enhanced the total soil microbial
activity versus the control and inorganic. Only the chemical fertilizer had a less pronounced
effect. Under Tp and FYM, highest value of CO2 respiration was observed (90.75, and
98.32 mg per 100 g soil). CO2 respirations was almost double under Tp and FYM compared
to NPK (46.25, and 46.25 mg per 100 g soil).

Root density differed significantly with repeated treatments. In Tp and BHS, the highest
value was observed (3.2, and 3.2 mm cm−3). Tp and BHS had no statistically significant differ-
ence with Tp and FYM. In addition, root growth did not differ in control and NPK (Table 2).

In addition, fertilization was a crucial factor for AMF in processing the tomato crop.
The highest value was 47.41, and 55.2% in Tp and BHS (2018 and 2019, respectively) and
the lowest was in the control for both years. NPK and control did not statistically differ.

3.2. Agronomic Characteristics

Plant dry weight was significantly increased with the application of organic blends
compared to NPK (Table 3). Tp and BHS (151.5; 2019, and 144.1; 2019) had no statistical
difference with Tp and FYM (144.7; 2018, and 134.2; 2019). In Tp and BHS, almost 36 and
33% higher plant dry weight than NPK for each year was reported. The mean fruit weight
of the processing tomato is presented in Table 3. Mean fruit weight had a considerable
turn-up with organic blends contrary to NPK. The highest value was remarked under Tp
and BHS (56.75, 54.87 g per fruit for 2018, and 2019, respectively). The control had no
statistically significant difference with the Tp and CM (Table 3).

Table 3. Dry weight (g plant−1), mean fruit weight (g fruit−1), yield (tn.ha−1), lycopene content (mg kg−1 fresh) as effected
by fertilizer treatments (control, NPK, Tp and BHS, Tp and FYM, and Tp and CM).

Fertilizers Plant Dry Weight
(g Plant−1)

Mean Fruit Weight
(g Fruit−1)

Yield
(tn.ha−1)

Lycopene Content
(mg kg−1 Fresh)

2018

Control 97 a 45.75 a 5.58 a 76.50 a

NPK 111.5 b 47.25 b 7.57 b 74.75 a

Tp and BHS 151.5 c 56.75 c 8.00 c 87.25 b

Tp and FYM 144.7 c 55.25 c 7.65 b 85.75 b

Tp and CM 129.2 d 48.00 b 7.60 b 84.50 b

2019

Control 102 a 44.61 a 5.4 a 66.7 a

NPK 107.7 b 46.72 b 6.88 b 67.1 a

Tp and BHS 144.1 c 54.87 c 7.92 c 84.2 b

Tp and FYM 134.2 c 51.25 c 7.41 c 88.8 b

Tp and CM 133.3 c 49.2 cb 7.11 b 83.3 b

Ffertil,2018 133.86 *** 65.12 *** 70.63 *** 34.53 ***
Ffertil,2019 134.7 ** 63.2 *** 67.71 *** 35.62 ***

F year × fertil ns ns ns ns

Tp and BHS: tomato pomace and biocycle humus soil; Tp and FYM: tomato pomace and farmyard manure; Tp and CM: tomato pomace
and compost. F-test ratios are from ANOVA. Different letters within a column indicate significant differences according to Tukey’s test.
Significance levels: ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05).
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Referring to the yield, significant differences were recorded in relation to the applied
fertilizer. The yield ranged from 5.4 (control; 2019) to 8 tn ha−1 (Tp and BHS; 2018) (Table 3).
In the first year, under Tp and BHS, the yield was reported 5.6% higher than NPK while in
the second year it was 15.1%.

Lycopene content was significantly affected by fertilization (Table 3). The highest
values were 87.25 (Tp and BHS; 2018) and 88.8.2 mg kg−1 fresh. (Tp and FYM; 2019).
Lycopene content under Tp and FYM had no statistically significant difference with Tp and
CM. In the first year, the lowest value of lycopene content was 74.75 mg kg−1 fresh (NPK)
and it did not differ with the control (76.5 mg kg−1 fresh).

3.3. Quality Characteristics

Fruit firmness values ranged from 4.21 kg cm−2 (NPK; 2019) to 4.60 kg cm−2 (control;
2018, and Tp & BHS; 2019). The three organic blends did not have a statistically significant
difference (Table 4).

Table 4. Quality characteristics as affected by fertilizer treatments (control, NPK, Tp and BHS, Tp and
FYM, and Tp and CM).

Fertilizers Fruit Firmness
(kg cm−2)

TSS
(◦Brix)

TA
(% Citric Acid w/w)

2018

Control 4.60 a 4.28 a 0.25 a

NPK 4.33 b 4.58 b 0.27 b

Tp and BHS 4.50 ab 4.75 c 0.29 c

Tp and FYM 4.42 ab 4.61 b 0.30 c

Tp and CM 4.55 ab 4.80 c 0.28 bc

2019

Control 4.55 a 4.17 a 0.22 a

NPK 4.21 b 4.49 b 0.29 b

Tp and BHS 4.60 a 4.66 c 0.29 b

Tp and FYM 4.52 a 4.48 b 0.31 c

Tp and CM 4.49 a 4.70 c 0.27 b

Ffertil, 2018 21.34 ** 7.36 ** 1.28 **
Ffert, 2019 17.72 ** 6.68 ** 1.47 **

F year × fertil ns ns ns
Tp and BHS: tomato pomace and biocycle humus soil; Tp and FYM: tomato pomace and farmyard manure; Tp
and CM: tomato pomace and compost. F-test ratios are from ANOVA. Different letters within a column indicate
significant differences according to Tukey’s test. Significance levels: ** p < 0.01; ns, not significant (p > 0.05).

TSS was significantly affected by fertilization. NPK had no statistically significant
difference with the Tp and FYM (Table 4). However, in organic blends with organic waste
TSS values were higher than NPK. According to our results, the highest TSS value was
reported in Tp and CM (4.8 ◦Brix).

The highest value of TA was reported in Tp and FYM (0.30, and 0.31% citric acid w/w
for 2018, and 2019, respectively). Even though in organic mixtures (Tp and CM, Tp and
FYM, and Tp and BHS) with tomato processing, waste was not statistically differenced
for the first year while in the second year Tp and FYM differed with Tp and CM and Tp
and BHS.

4. Discussion

Concerning the porosity, Kakabouki et al. (2019) and Pagliai et al. (2004), reported
that the application of manure had the most beneficial effects on total porosity compared
to inorganic fertilization, which comes to an agreement with our study. Increasing the
porosity, to a certain extent, has a beneficial effect on the growth of the crop [33,34]. This
effect is owed to two main causes: reduced mechanical resistance of soil to root penetration
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and better oxygen supply to roots [35]. Application of organic fertilizers and natural
waste, due to the high percentage of organic matter they contain (Table 2), has a beneficial
effect on soil structure quality, which becomes apparent with the decrease of the apparent
bulk density, increase of the macroporous, and the percentage of filtered water. Indeed,
penetration resistance was significantly lowered by both organic and inorganic fertilization
(p < 0.001; Table 2).

Root density significantly increased with the increase of soil porosity (r = 0.937,
p < 0.001; Table 5) and the reduction of penetration resistance (r =−0.838, p < 0.001; Table 5).
These results are similar with Colombi and Keller (2019) who observed that root growth is
facilitated with specific physical characteristics of the improvement of compacted soil [36].
Moreover, a positive correlation was noticed between dry weight per plant with soil
porosity (r = 0.891, p < 0.001) and the negative correlation one with penetration resistance
(r = −0.811, p < 0.001). These two physical soil characteristics finally affect yield.

Table 5. Pearson’s correlation coefficient (r) between soil and agronomic characteristics.

Root Density
(mm.cm−3)

AMF
(%)

Dry
Weight/Plant

Mean Weight
Per Fruit

(mm)
Yield (tn.ha−1)

Lycopene
Content

(mg kg Fresh−1)

Soil porosity
(%) 0.937 *** 0.927 *** 0.891 *** 0.795 *** 0.624 ** 0.898 ***

Pen. Res
(Mpa) −0.838 *** −0.811 *** −0.808 *** −0.642 ** −0.612 ** −0.761 ***

Organic matter
(%) 0.881 *** 0.889 *** 0.788 *** 0.676 *** 0.589 ** 0.852 ***

MWD
(mm) 0.950 *** 0.940 *** 0.847 *** 0.697 *** 0.597 ** 0.965 ***

N total
(%) 0.841 *** 0.867 *** 0.814 *** 0.685 *** 0.622 ** 0.820 ***

CO2 (mg/100
g/ 24 h /25 oC) 0.8397 *** 0.849 *** 0.811 *** 0.761 *** 0.519 * 0.789 ***

Root Density
(mm.cm−3) - 0.994 *** 0.918 *** 0.776 *** 0.737 *** 0.905 ***

AMF
(%) 0.994 *** - 0.908 *** 0.762 *** 0.732 *** 0.901 ***

Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05).

The increase of soil organic matter was due to higher organic matter content in blends
compared to inorganic. Kammoun-Rigane et al. (2011) mentioned that a crucial factor for
soil quality is the pre-existing organic matter [37]. On the contrary, our results mentioned
that soil quality is significantly affected by the technical specifications of each applied
fertilizer. Provided fertilizer has a high organic content, and soil will be enriched with
organic matter. Similar studies showed an increase in soil organic matter with compost
application [38] and organic fertilizers restored the nutrition C and the organic matter
content of the soil [39,40]. Zebarth et al. (1999) observed that organic waste amendments
benefits soil [41]. According to our results, tomato pomace combined with a variety of
organic fertilizers markedly increased soil organic matter. This agrees with the biocyclic
vegan standard, which exclusively uses plant origin raw materials to produce hummus
soil [42]. In addition, root mass can contribute to soil organic matter content [43]. This result
agreed with our results; root density, and soil organic matter had a positive correlation
(p < 0.001, r = 0.881; Table 5).

As previously mentioned, the highest value of MWD was observed under Tp and
BHS. Similar results were mentioned by Kakabouki et al. (2019) [33]. DMW difference
between organic blends and mineral fertilizer is on account of soil bulk density. While
soil bulk density increased and porosity decreased, DWM was reduced [44]. Moreover,
Zhang and Fang (2007) showed that physical soil properties were improved under manure
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application, and the volume of micropores were reduced while macropores increased [45].
Soil structure was characterized through MWD, which is an important indicator for physical
soil properties [33]. Root growth had a positive correlation with MWD (r = 0.950, p < 0.001).
In addition, Kakabouki et al. (2020) noticed that the slow release of nitrogen facilitates
root growth [46].

A lot of research observed that organic fertilization increased N total compared to
mineral fertilization [47,48]. The difference of the N total could be caused by the variant
of soil organic matter. Kakabouki et al. (2019) observed that soil organic matter is a major
source of organic nitrogen [33]. The raised organic matter in mixtures with compost and
tomato residues prompted high total nitrogen values. Additionally, Meng et (2015) observed
that mineral nitrogen is denitrified, volatilized, and leached, hence the N total is lower
than organic [49]. Soil N total had a significant positive correlation with AMF (r = 0.867%,
p < 0.001) by virtue of glomalin capability to restrain substantial amounts N, which is a
protein produced by AMF [50].

Our results about the total microbial activity are in line with Debosz et al. (2002) [51].
Kakabouki et al. (2019) said that soil organic matter is a remarkable substrate for microbial
activity [33]. A lot of research, in contrast, observed that microbial activity indirectly affects
by fertilization [52,53]. Besides, Dietrich et al. (2017) highlighted that increased microbial
activity significantly rose the stored nitrogen, thus fertilization, program. This result is in
line with our results; the higher the organic matter, the more soil microbial activity under
the exact same treatment (TP and FYM).

Root growth did not differ in the control and NPK (Table 2). Root growth is a property
that can inform about the absorption of water and nutrient uptakes that are necessary for
plant growth [54,55]. While soil porosity increased, root development rose due to higher
oxygen concertation in soil (r = 0.937, p < 0.001; Table 5). Furthermore, root density and
AMF were positive correlated (p < 0.001, r = 0.994; Table 5). Provided AMF, root growth
will be higher, which will allow for better absorption of nutrients, and increased yield.

In addition, fertilization was a crucial factor for AMF in processing tomato crop, while
the highest value was in Tp and BHS. A lot of research obtained the opposite results; with
the application of mineral fertilization AMF did not reduce, and the yield was significantly
high too. However, the effect of inorganic resources and land use on glomalin content
is discrepant [50]. AMF in organic blends were important and higher compared to the
inorganic fertilizer. This result is completely in accord with Bilalis and Karamanos (2010)
who mentioned that organic fertilization significantly rises the AMF rate in comparison
with the control [56]. In processing tomatoes, field crop, AMF, and fry weight had a
positive correlation (p < 0.001, r = 0.908; Table 5). In the same results, root colonization
levels were positively correlated with the growth of tomatoes, which was obtained by many
researchers [57,58]. On the contrary, Ziane et al. (2017) reported that the plants without
fertilization had high mycorrhizal root colonization and low growth due to the deficiency
of nutrients [59]. Furthermore, a positive correlation was highlighted between the yield
and AMF (p < 0.001 r = 0.732; Table 5). Processing tomatoes yielded higher with more AMF.
A positive relationship between AMF and soil organic matter (%) was reported (r = 0.889,
p < 0.001). AMF procures glomalin, which is a related soil protein (GRSPs). Glomalin is
considered an important segment of soil organic matter [60]. Besides organic matter, AMF
had a significant positive correlation with soil N total (r = 0.867, p < 0.001) since glomalin
could restrain substantial amounts N [50].

The application of organic blends positively affected plant dry weight and mean fruit
weight. These results are opposite to Bilalis et al. (2017) who reported that dry weight per
plant was higher under inorganic fertilization and Bilalis et al. (2018) reported opposite
results; inorganic fertilization was given the highest mean fruit weight (63.6 g) [61,62]. Plant
dry weight and mean fruit weight had a positive correlation with root density (r = 0.918,
p < 0.001, and r = 0.776, p < 0.001 respectively; Table 5); incidental to root density increase
was better plant nutrition and higher development. Additionally, plant dry weight and
mean weight per fruit had a significant correlation with N total (p < 0.001, r = 0.814, and
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r = 0.685, p < 0.001 correspondingly; Table 5). According to Filgueira (2000), vegetation, fruit
growth and number of fruits per plant growth are positively related to nitrogen content [63].

Referring to the yield, significant differences were recorded in relation to the applied
fertilizer. Many researchers reported that the tomato processing yield is a positive response
to inorganic fertilization [62,64]. Specially, Lahoz et al. (2016) reported that organic farming
presented a 36% lower production than conventional [65]. Nevertheless, in our study, the
yield was higher under organic blends fertilizers. Similar results occurred for Eisenbach
et al. (2018) [66]. This can be explained by the fact that in this application the growth of
roots is improved, which is responsible for the intake of nutrients and water. Furthermore,
Asri et al. (2015) reported that treatments with humic acid are positively correlated with
the performance of processed tomatoes [67]. A positive correlation was observed between
yield and soil N total (r = 0.622, p < 0.01) and root density (r = 0.776, p < 0.001).

The highest values of lycopene content were under Tp and FYM. Lahoz et al. (2016),
conversely, reported that levels of lycopene were not affected by the cultivation system [65].
Under organic blends, lycopene was significantly increased. Pieper and Barrett (2009) also
mentioned higher lycopene content in organic tomatoes (estimated at 12.75 g kg−1 dry
weight). Pieper and Barrett (2009) highlighted that the variation of lycopene based on
fresh weight may be in view of dilution [68]. Our findings showed a significant positive
correlation of lycopene content with root growth (p < 0.001, r = 0.905) and AMF (p < 0.001,
r= 0.901).

An important index for the quality assessment of tomatoes is fruit firmness, which is
considered as an essential trait that indicates the quality of tomato fruit [69]. Fruit firmness
is a crucial index for processing tomato crops, since accurate assessment of fruit firmness
allows appropriate decisions to be made in regard to how your produce is treated. In our
experiment, fruit firmness was significantly affected by organic and inorganic fertilization
(Table 4). Our results agreed with Viskelis et al. (2015) [70]. Although Bilalis et al. (2017)
reported that fertilization did not affect fruit firmness of processing tomatoes [61]. In ad-
dition, Petropoulos et al. (2020) reported the highest value in control (4.46 kg cm−2) [64].
The difference in values of fruit firmness is owed to the nitrogen content in fruit; according
to Knee (2002), the fruit firmness is negatively related to the increased nitrogen content
in fruit, as nitrogen affects cellular properties [71]. Our results are in accord with Knee
(2002) considering that in the control the highest value of N total (Table 2) and highest fruit
firmness were observed (Table 4).

Soluble solids are a large fraction of the total solids in tomatoes and an indicator
of sweetness. Petropoulos et al. (2020), in contrast, reported that the TSS content was
higher in manure treatment (5.44 ◦Brix) [64]. According our results, the highest TSS value
was reported in Tp and CM (4.8 ◦Brix). This outcome is in agreement with Bilalis et al.
(2017) who noticed the highest TSS value under compost treatment (4.4 ◦Brix) [61]. TSS
is dependent on nitrogen rate fertilization; the increase of applied nitrogen rate increased
the TSS [72]. It is considerable that under organic mixtures, TSS values were indicated in
the highest quality for paste since the TSS range is 4.8 to 8.8 ◦Brix [73,74]. On the contrary,
4.28, and 4.17 (control); 4.58, and 4.49 (NPK); 4.61, and 4.48 (Tp and FYM) are consider low
quality in industrial processing for the production of paste.

Ilic et al. (2015) reported that fruit quality was characterized by titratable acidity [75].
The analysis of variance revealed that titratable acidity (TA) was actually affected by
fertilization, while the highest values were observed in Tp and FYM. These results agreed
with Dinu et al. (2018) [76]. TA values were significantly increased compared to inorganic
fertilization. Pieper and Barrett (2009) reported the same outcome [68]. TA depends on
fruit maturity; while fruit maturity increased, TA decreased [74]. Regarding our results, we
can assume that control and NPK were in the right maturity stage at harvest since tomatoes
from all different fertilization treatments were harvested on the same day.
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5. Conclusions

In this study, we evaluated a pre-harvest factor, which is the fertilization in processing
tomato crop. The waste of processing tomatoes were used as a fertilizer blended with
organic fertilizers. Altogether, the result of this study showed that processing tomatoes in
mixtures with organic fertilizers significantly improved soil quality, plant development,
yield, and the quality characteristics of processing tomato. It was reported that the appli-
cation of a manure mixture had the most beneficial effects on total porosity. AMF was
significantly increased under organic blends. A high percentage of AMF produced glo-
malin, which is an important component of soil organic matter, and hence soil quality
is improving. According to our results, not only nitrogen fertilization rates significantly
affected the vegetative growth and total yield of processing tomato, but also the nitrogen
source. The yield was significantly increased owing to soil N total and root density. The
overall increase of soil N and the parallel increase of TSS were revealed. For the increase of
TA, we could consider that organic mixtures with tomato waste privileged fruit ripening;
on the same harvest date, they were more mature. A sustainable suggestion for utilization
of processing tomato residues is presented. Providing composted tomato waste with com-
mon organic fertilizers, a solution of processing waste and an increased yield and quality
of tomatoes will be achieved.
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