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ABSTRACT

The demand for organically grown products is increasing because many people are concerned about the 
environment and believe that organic products are healthier than conventional ones. Some studies have shown 
that organically produced tomato fruits contain higher levels of antioxidants, polyphenols and carotenoids 
than those produced conventionally. The objective of this study was to evaluate the influence of organic and 
inorganic fertilization on agronomic and quality characteristics of the processing tomato. The 2-year experiment 
was laid out in a randomized complete block design, with three replications and three fertilization treatments 
(untreated, compost and inorganic fertilizer). The results showed that the highest fruit number per plant 
(98.5), average fruit weight (63.6 g) and fruit yield (168.0 t ha-1) were obtained under inorganic fertilization.  
The highest total soluble solids (4.39 °Brix) and total soluble solids to titratable acidity ratio (17.4), L* (43.4) and 
a* (35.4) values, as well as the highest lycopene content (88.5 mg kg-1 f.w). were achieved through the application 
of organic fertilizer. Significantly higher total soluble solids and total soluble solids to titratable acidity ratio in 
organically grown tomatoes are particularly important to the processing tomato industry. Finally, the highest 
lycopene content produced under organic fertilization as well as the non-significant difference between the 
organic and conventional tomatoes in terms of lycopene yield make organic processing tomatoes suitable for 
lycopene production.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) constitutes 
one of the most valuable horticultural crops, not 
only because of its economic importance, but also 
for its sensory qualities and nutritional value. It is 
consumed in the form of fresh as well as processed 
products. More than 80% of tomatoes grown 
throughout the world are processed into products 

such as sauce, juice, ketchup, canned tomato, stew 
and soup (Viskelis et al., 2015). 

Epidemiological studies have proved the 
importance of tomato and its products in reducing 
various ailments because they contain high amounts 
of antioxidants such as carotenoids, polyphenols, 
ascorbic acid and many others (Perveen et al., 
2015). Lycopene is the most plentiful carotene in 
the tomato fruit, comprising up to 90% of the total 
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carotenoids present (Viskelis et al., 2015), and is the 
most important antioxidant with a high oxygen free 
radical-scavenging and quenching capacity, and 
thus provides protection against chronic diseases, 
such as several types of cancer, including cancer in 
the mouth, pharynx, esophagus, stomach and large 
intestine, and cardiovascular diseases (Perveen 
et al., 2015). Lycopene is also the pigment mainly 
responsible for the red colour of tomato fruits. 
Various studies have reported that the lycopene 
content in tomatoes is most notably influenced by 
various genetic and environmental factors, such as 
the cultivar, growing season, cultivation conditions 
and harvesting stage (Toor et al., 2006; Rickman 
Pieper and Barrett, 2008).

Successful production of processing tomato 
requires to increase both yield and fruit quality. 
There has been a substantial research effort 
devoted to the processing tomato; however, it is not 
clear how the environment, cropping techniques 
and crop management affect each of the fruit 
characteristics measured at harvest to estimate the 
quality of processed products. In addition, during 
the last decades, the demand for organically grown 
products has increased because many people are 
concerned about the environment and believe that 
organic products are healthier than the conventional 
ones (Riahi et al., 2009). Several experiments 
investigating the differences in growth and quality 
parameters between organically and conventionally 
grown tomatoes have been conducted lately (Chassy 
et al., 2006; Rickman Pieper and Barrett, 2008; 
Riahi et al., 2009; Bilalis et al., 2013; Cheimona et 
al., 2016). Some studies have shown that organically 
produced tomato fruits contain higher amounts of 

antioxidants, total phenolics and ascorbic acid (Toor 
et al., 2006), and more total soluble solids (Chassy 
et al. 2006; Rickman Pieper and Barrett, 2008) 
compared to conventionally grown tomatoes, but not 
all studies have been in agreement in this respect.

The increased interest in the organic production 
of processing tomato enforced the need to evaluate 
the yield and quality parameters of organic tomato. 
The objective of this study was therefore to evaluate 
the effects of organic and inorganic fertilization on 
agronomic and quality characteristics of processing 
tomatoes.

MATERIAL AND METHODS
Site and experimental design
A processing tomato crop (Lycopersicon esculentum 
Mill. ʻHeinz 3402’ F1) was established in the 
organic experimental field of the Agricultural 
University of Athens (Latitude: 37° 59′ 1.70″ N, 
Longitude: 23° 42′ 7.04″ E, Altitude: 29 m above 
sea level) during 2014 and 2016. The soil was  
a clay loam (29.8% clay, 34.3% silt and 35.9% sand) 
with pH (1:1 H2O) 7.29, nitrate-nitrogen (NO3-N) 
12.4 mg kg-1 soil, available phosphorus (P) 13.2 
mg kg-1 soil, available potassium (K) 201 mg kg-1 

soil, 15.99% CaCO3 and 1.47% organic matter. The 
site was managed according to organic agricultural 
guidelines (EC 834/2007). Weather data (mean 
monthly temperature and precipitation) pertaining 
to the years 2014 and 2016 were obtained from the 
meteorological station of the Agricultural University 
of Athens and are presented in Figure 1.

The experiment was set up on an area of  
322 m2 according to a randomized complete block 
design (RCBD), with three fertilization treatments: 
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Figure 1. Weather data (mean monthly temperature and precipitation) during the experimental periods (April-August, 
2014 and 2016)
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control (untreated), seaweed compost (2000 kg 
ha-1 Posidonia 1-2% N, Compost Hellas S.A.), and 
inorganic fertilizer (360 kg ha-1 Enpeka 15-15-15+5 
S, Compo GmbH), and 3 replications for each 
treatment. The plot size was 28 m2 (7 m × 4 m). 
There was a space of 1 m between replications and 
1 m between plots. One day before transplanting, 
the fertilizers were applied by hand to the soil 
surface and then harrowed in. Transplanting 
of tomato seedlings into the field was done on  
15 April 2014 and 22 April 2016. Tomato seedlings 
were transplanted by hand in rows 60 cm apart. 
Transplants were set at 60 cm between each other. 
The total quantity of water applied during the 
experiment was 745 and 964 mm in 2014 and 2016, 
respectively. Weeds were controlled by hand hoeing 
when it was necessary.

Sampling, measurements and methods
Dry weight per plant was measured using four 
randomly selected plants in each plot at 99 days 
after transplanting (DAT). The dry weight was 
determined after drying for 72 hours at 64°C. Fruit 
number per plant was counted at 112 DAT on four 
randomly selected tomato plants from each plot. 
Fruit yield, average fruit weight and fruit diameter 
were also determined at 112 DAT by manually 
harvesting the plants that were in the selected rows 
of the plots used for counting the number of fruits 
per plant. Fruit diameter (mm) was measured with 
a Starrett EC799A-6/150 electronic digital caliper 
(L.S. Starrett Co., Athol, MA, USA) having an 
accuracy of 0.02 mm.

For the determination of fruit surface colour, 
firmness and total soluble solids (TSS) content, 
samples of fruits were collected at 99 DAT. Three 
fruits per plant from three randomly selected plants 
per plot (nine fruits per plot) were used for these 
measurements.

Fruit surface colour measurements were 
performed with a Minolta CR-300 tristimulus 
colorimeter (Konica Minolta, Inc., Sakai, Osaka 
590-8551, Japan) calibrated against a white standard 
calibration plate (Y = 93.9; x = 0.3134; y = 0.3208). 
Colour was recorded according to the CIE-L*a*b* 
colour space system. Two measurements were made 
at the equatorial region of the pericarp of each fruit 
and the mean values were determined. 

Colour index (CI) shows a high correlation with 
the external visual colour of the fruits and was 
calculated with the following equation described 
by Jimenez-Cuesta et al. (1981): 

CΙ = 1000 a*L*-1b*-1    (1)

Hue angle (h°), the qualitative attribute of colour, 
is used to define the difference between a certain 
colour and a grey colour with the same lightness, 
and was computed with the following equation 
(Little, 1975):

h° = tan-1(b*a*-1)    (2)
Chroma (C*), the Euclidean norm of the a*, 

b* vector, represents colour saturation and was 
determined using the equation described by 

McGuire (1992), as given below:
C* = (a*2 + b*2)0.5     (3)
Colour difference with true red (DE), the 

Euclidean distance from any colour locus related to 
the true red colour (coordinates: L* = 50, a* = +60, 
b* = 0), was obtained by the following equation 
(López Camelo and Gómez, 2004):

DE = [(L* - 50)2 + (a* - 60)2 + b*2]0.5  (4)
The a*/b* ratio can be used to report the 

brightness of the red colour of the tomato fruit and 
its products (Akdeniz et al., 2012).

Fruit firmness was measured at the equatorial 
region of the fruit by recording the force required to 
insert a 6.3 mm-diameter conical needle to a depth 
of 0.6 cm in the fruit using a Chatillon DFIS 10 
penetrometer connected to a Chatillon TCM 201-M 
motorized force test stand (John Chatillon and Sons, 
Inc., Greensboro, NC 27425, USA) and moving at  
a constant speed of 200 mm min-1. 

Total soluble solids (TSS) content was measured 
at 20°C with a Schmidt & Haensch HR32B hand-
held refractometer (Schmid & Haensch GmbH & 
Co., 13403 Berlin, Germany) having a sensitivity of 
0.2 °Brix.

Titratable acidity (TA) was determined on two 
mature fruits from two randomly selected plants 
per plot by titrating 10 ml of diluted tomato pulp 
with N/50 NaOH using 1% phenolphthalein (1 g 
phenolphthalein in 100 mL of 95% ethyl alcohol) as 
indicator and the result was expressed in percentage 
citric acid (Egan et al., 1981). In addition, the TSS/
TA ratio, an index of food maturity, was also 
calculated (Sadler and Murphy, 2010).

For lycopene assessment, fruit samples (one 
fruit per plot) were selected and weighed at harvest 
(112 DAT) and then homogenized in a household 
mixer and dehydrated for 48 h using a Lyovac 
GT 2 freeze-dryer (Leybold-Heraeus GmbH, 
Köln, Germany) under vacuum. The freeze-dried 
samples were ground in a laboratory mill in order 
to obtain tomato flour. 0.5 g of the flour was used for 
lycopene extraction. The extraction was performed 
using ultrasonic-assisted extraction (UAE) with 
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response surface methodology (RSM) and modified 
as described by Eh and Teoh (2012). An XO-SM50 
Ultrasonic Microwave Reaction System (Nanjing 
Xianou Instruments Manufacture co., Ltd., Nanjing 
City, China) was used for the extraction. A mixture 
of solvents consisting of n-hexane : methanol : 
acetone (2:1:1 v/v) and containing 0.05% (w/v) 
butylated hydroxytoluene (BHT) was applied to 
extract lycopene (and carotenoids) from the tomato 
flour sample. The sample (0.5 g) was placed in  
a 150-mL flask, and 50 mL of the solvent mixture 
was added to achieve 1:100 (w/v) ratio. An ultrasonic 
probe was immersed into the solution to a depth of  
7 cm from the top of the flask. The ultrasonic power 
level and ultrasonic frequency were 140 W and  
25 kHz, respectively. Moreover, the temperature of 
samples was kept at 45 ± 5°C by using an indirect 
cold-water circulation system. Quantitative analysis 
of lycopene extracted during the ultrasonic-assisted 
extraction was carried out by high-performance 
liquid chromatography (HPLC). The analysis was 
performed using a Hewlett-Packard 1100 system 
composed of an HP 1100 Quaternary Pump, an 
Agilent 1100 Series Micro Vacuum Degasser,  
a Rheodyne model 7010 Sample Injector and an HP 
1100 Series Diode Array Detector (DAD). The HPLC 
system was equipped with a YMC C30 column (250 
× 4.6 mm I.D., 5 μm particle, Tokyo, Japan). Mobile 
phase consisted of three solvents, (A) acetonitrile, 
(B) 1-butanol and (C) methylene chloride (Lee and 
Chen, 2011). Separation of compounds was carried 
out with the following gradient elution profile:  
0 min, A:B:C 69.3:29.7:1; 10 min, A:B:C 67.2:28.8:4; 
20 min, A:B:C 61.6:26.4:12; 40 min, A:B:C 49:21:30; 
50 min. Chromatography was performed at 25°C 
with the flow rate maintained at 2 mL min-1. UV 
traces were measured at 472 and 503 nm, and UV-
visible spectra were obtained between 250 and  
600 nm. Concentration of lycopene was calculated 
using the extinction coefficient of 17.2 × 104 M−1 cm−1 
at 503 nm (Fish et al. 2002). The lycopene content 
was expressed as mg kg-1 fresh weight (Sadler 
et al., 1990). The lycopene yield was calculated 
by multiplying the lycopene content by the fruit  
yield.

Statistical analysis
The experimental data were analyzed using the 
SigmaPlot 12 statistical software (Systat Software 
Inc., San Jose, CA, USA). The trait data produced 
by the fertilization treatments in the two years 
were analyzed by adopting a 2 × 3 factorial design 
(two years × three fertilization treatments) laid out 

in a randomized complete block design (RCBD) 
with three replications. The Analysis of Variance 
(ANOVA) used a mixed model, with years and 
replications as random effects and fertilization 
as fixed effect. Differences between means were 
separated using Tukey’s honestly significant 
difference test (Tukey’s HSD). Correlation 
analyses were used to describe the relationships 
between growth parameters, yield components and 
quality characteristics using Pearson’s correlation. 
All comparisons were made at the 5% level of 
significance.

RESULTS AND DISCUSSION
Dry weight per plant
The dry weight of the above-ground parts of the 
processing tomato plant is presented in Table 1. The 
effect of fertilization was found to be statistically 
significant throughout the experimental periods. 
In particular, the highest dry weight was achieved 
in the plots fertilized with the inorganic fertilizer, 
with the values ranging from 155.0 g (2016) to 
171.1 g (2014). The lowest values occurred in the 
unfertilized treatment (95.1 and 96.2 g in 2014 and 
2016, respectively). Generally, several studies have 
reported that the tomato crop presents a positive 
response to inorganic nitrogen fertilization. Elia and 
Conversa (2012) obtained 9.9, 11.1, 12.9 and 13.3 Mg 
ha-1 of above-ground biomass for plants fertilized 
with 0, 100, 200 and 300 kg N ha-1, respectively. 
Nitrogen fertilization had a positive impact on 
vegetative growth and biomass accumulation, as it 
is associated with increasing photosynthate source 
capacity (Tei et al., 2002).

Fruit number per plant
The number of fruits per plant was significantly 
influenced by the different fertilization regimes 
(Tab. 1). During the 2-year experiment, the highest 
mean number (98.5) was achieved in the inorganic 
treatment, while the lowest mean number (79.3) 
was obtained in the control. This finding is in line 
with the report by Tonfack et al. (2009), where the 
application of inorganic fertilization resulted in a 
higher number of fruits per plant than under organic 
fertilization. Contrary to this, Rinaldi et al. (2007) 
had stated that the number of fruits per plant was 
not affected by the different types of organic and 
mineral nitrogen fertilizers, with the values ranging 
from 46.2 to 47.1 for all the treatments. In general, 
the apparent deficiency of an adequate supply of 
plant-available N from organic fertilizers, resulting 
from a slow rate of mineralization, makes the crop 
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yield and its components in the fields treated with 
organic fertilizers lower than in those treated with 
inorganic fertilizers (Blatt, 1991).

Fruit yield
The results of the present study indicated that the 
effect of organic and inorganic fertilization on 
fruit yield was significant. Across the years, the 
highest mean fruit yield (168.0 t ha-1) was observed 
in the inorganic treatment followed by the organic 
treatment (149.7 t ha-1). The differences between 
these treatments were not significant; however, both 
treatments gave values significantly higher than in 
the control. Similarly, in other comparative studies, 
no significant differences in fruit yield had been 
found between inorganic and organic fertilization 
(Boček et al., 2008; Murmu et al., 2013). On the 
other hand, several authors had reported that tomato 
plants fertilized with inorganic fertilizers produced 
higher fruit yields because those fertilizers contained 
soluble inorganic nitrogen and other nutrients with 
ready availability to crops and therefore helped to 
produce higher yields (Chassy et al., 2006; Riahi et 
al., 2009). The average fruit yield had a positive and 
significant correlation with fruit number and average 
fruit weight (r = 0.884, p < 0.001 and r = 0.606, p = 
0.008, respectively) (Tab. 5).

Average fruit weight
Regarding the average fruit weight, the combined 
analysis of variance showed that the fertilization had 
a significant effect on this trait (Tab. 1). The average 
fruit weight did not differ among the fertilization 
treatments in 2016, but it was significantly higher 
in the inorganic than organic and control plots in 
2014 (64.8, 50.2 and 43.4 g for inorganic and organic 
fertilization, and the control, respectively). Riahi 
et al. (2009) had confirmed that the fresh weight 
of tomato fruits was not affected by organic or 
conventional fertilization, but significant differences 
were found among tomato varieties. In addition, 
Tonfack et al. (2009) conducted an experiment 
under tropical andosol soil conditions and observed 
that the mean fruit weight was not influenced by 
fertilization or cultivars. The differences between 
those results could be due to the variation in 
cultivars, soil type, temperature and rainfall during 
the growing seasons of those experiments.

Fruit diameter
Fruit diameter was not affected by the different 
treatments in either year of the study (Tab. 2). 
Despite that, during the first year the highest values 
(40.2 mm) were found in the plots treated with 
the inorganic fertilizer, while in the second year 

Table 1. Effect of fertilization (control, compost, inorganic fertilizer) on dry weight per plant, fruit number per plant, 
fruit yield and average fruit weight by Tukey’s HSD test

Fertilization Dry weight per plant 
(g)

Fruit number 
per plant

Fruit yield
(t ha-1)

Average fruit weight 
(g)

Experiment 2014
Control 95.1±17.8 b 78.1±4.9 b 125.4±11.1 b 43.4±10.0 b
Compost 153.3±24.7 ab 86.5±7.2 ab 149.1±8.5 ab 50.2±8.1 ab
Inorganic fertilizer 171.1±32.8 a 101.8±7.0 a 174.8±18.7 a 64.8±4.4 a

Ffertilization * * ** *

Experiment 2016
Control 96.2±7.9 c 80.6±1.2 b 123.0±16.5 b 55.7±2.4 a
Compost 129.4±11.9 b 89.8±2.6 a 150.3±13.6 ab 59.2±4.4 a
Inorganic fertilizer 154.95±14.3 a 95.2±5.3 a 161.2±12.7 a 62.4±5.3 a

Ffertilization ** ** * ns

Mean of the years
Control 95.6±12.3 b 79.3±3.5 c 124.3±12.7 b 49.6±9.4 b
Compost 141.8±21.2 a 88.2±5.1 b 149.7±10.2 a 54.7±7.6 ab
Inorganic fertilizer 163.0±24.3 a 98.5±6.6 a 168.0±16.2 a 63.6±3.9 a

Ffertilization *** *** *** **

Fyear ns ns ns *

Ffertilization × year ns ns ns ns

Values are means ± standard deviations. Different letters within a column indicate significant differences according to Tukey’s HSD 
test (p = 0.05). Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05)
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the largest diameter was observed in the organic 
fruits (39.5 mm). According to Rickman Pieper and 
Barrett (2008), who studied the effects of organic 
and conventional cropping systems, the percentage 
of tomato fruits with a diameter under 3.8 cm was 
not affected by the production system. This attribute 
is dependent on genetic factors linked to cultivars.

Fruit firmness
Fruit firmness constitutes one of the most important 
quality traits of the tomatoes processed by the 
canning industry (Saltveit, 2005). The combined 
analysis of variance revealed that fruit firmness 
was not affected by fertilization, with the exception 
of the first year, where the highest value (4.58 kg 
cm-2) was found under the inorganic fertilization 
treatment (Tab. 2). In another study, an investigation 
on fruit firmness of conventional and organic 
tomato fruits had shown that conventional fruits 
presented significantly higher values compared 
with the organic ones, but only in some cultivars 
(Viskelis et al., 2015). Fruit firmness has a tendency 
to increase until the fertilization rate reaches  
80 kg N ha-1, and beyond this value tends to decrease 
(Erdal et al., 2007). Fruit firmness is negatively 
associated with the increase of nitrogen content in 
fruits, since firmness is related to cell turgor and 

wall characteristics, and the major effect of nitrogen 
is on fruit growth rate with consistency effects on 
cell properties (Knee, 2002). Fruit firmness had  
a positive and significant correlation with average 
fruit weight and fruit diameter (r = 0.523, p = 0.026 
and r = 0.665, p = 0.002, respectively).

Total soluble solids (TSS) and titratable  
acidity (TA)
Total soluble solids content is of considerable 
economic importance for the processing tomato 
industry, because even a small increase in its 
value can significantly increase the product yield 
and decrease the cost of dehydration of puree into 
sauce and paste (Young et al., 1993). The analysis 
of variance revealed that total soluble solids were 
actually affected by fertilization. Specifically, the 
highest values were found in tomatoes treated with 
compost (4.34 and 4.43 °Brix in 2014 and 2016, 
respectively). These results are in full accordance 
with other studies reporting that tomatoes grown 
under organic production systems contain higher 
total soluble solids compared to chemically 
fertilized crops (Chassy et al. 2006; Barrett et 
al. 2007; Rickman Pieper and Barrett, 2008).  
May and Gonzales (1994) had demonstrated an 
increase in the percentage of soluble solids from 

Table 2. Effect of fertilization (control, compost, inorganic fertilizer) on fruit diameter, fruit firmness, total soluble 
solids (TSS), titratable acidity (TA) and TSS/TA ratio by Tukey’s HSD test

Fertilization Fruit diameter
(mm)

Fruit firmness
(kg cm-2)

TSS
(°Brix)

TA
(% citric acid w/w) TSS/TA

Experiment 2014
Control 38.0±0.7 a 4.08±0.13 b 4.13±0.04 b 0.22±0.01 a 18.3±1.0 a
Compost 38.6±2.0 a 4.30±0.17 ab 4.34±0.02 a 0.24±0.02 a 18.2±0.8 a
Inorganic fertilizer 40.2±1.7 a 4.58±0.24 a 4.22±0.03 b 0.25±0.01 a 16.7±0.9 a

Ffertilization ns * ** ns ns

Experiment 2016
Control 38.2±2.1 a 4.40±0.54 a 4.08±0.06 c 0.29±0.01 ab 13.9±0.4 ab
Compost 39.5±2.2 a 4.48±0.39 a 4.43±0.05 a 0.33±0.03 a 16.6±1.7 a
Inorganic fertilizer 38.4±2.3 a 4.63±0.35 a 4.27±0.02 b 0.27±0.02 b 13.1±0.8 b

Ffertilization ns ns *** * *

Mean of the years
Control 38.1±1.4 a 4.24±0.40 a 4.11±0.06 c 0.26±0.03 b 16.1±2.5 b
Compost 39.0±1.9 a 4.39±0.29 a 4.39±0.05 a 0.25±0.02 b 17.4±1.5 a
Inorganic fertilizer 39.3±2.1 a 4.61±0.26 a 4.24±0.03 b 0.29±0.04 a 14.9±2.1 b

Ffertilization ns ns *** ** **

Fyear ns ns ns *** ***

Ffertilization × year ns ns ns ns ns

Values are means ± standard deviations. Different letters within a column indicate significant differences according to Tukey’s HSD 
test (p = 0.05). Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05)
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5.25 to 5.4 °Brix when the nitrogen fertilization 
rate decreased from 392 to 168 kg N ha-1. Etissa et 
al. (2014) found that with the increase of nitrogen 
fertilization rate, the total soluble solids value 
increased and peaked at a rate of around 100 kg,  
and beyond this value, the TSS value tended to 
decrease. Moreover, significant responses to the 
interaction between fertilization treatment and year 
were also observed for total soluble solids.

Titratable acidity is an important quality 
attribute of processing tomatoes since it contributes 
to the flavour of tomato products. According to the 
combined analysis, titratable acidity was influenced 
by fertilization (Tab. 2). This trait did not differ 
among the fertilization treatments during the 
first year of the experiment (2014), but significant 
differences were observed during the second year 
(2016), with the values being 0.33, 0.29 and 0.27% 
for the organic, control and inorganic fertilizer 
application, respectively. This is in agreement 
with Toor et al. (2006), who found that tomatoes 
grown in nitrate-dominant fertilizer solutions 
had significantly lower values of titratable acidity 
than those grown with chicken manure, grass/
clover mulch and mineral solutions with lower 
nitrate to ammonium ratios. Barrett et al. (2007) 
reported higher titratable acidity in tomatoes grown 
organically, though not for all the growers in their 
study. On the other hand, Hallmann (2012) observed 
that tomatoes grown under organic cropping 
systems had a significantly lower concentration 
of organic acids as compared to those cultivated 
by conventional methods. The year also had  
a significant effect on titratable acidity, with higher 
values observed in 2016 as a result of higher 
temperatures (Wada et al., 1998).

The TSS/TA ratio constitutes a better predictor 
of the impact of an acid on fruit flavour than soluble 
solids or acidity alone, since acidity has the tendency 
to decrease with fruit maturity while sugar content 
tends to increase (Ilić et al., 2014). This ratio was 
also affected by the different fertilization regimes. 
The greatest average values (17.4) were obtained 
in the organic plots followed by the control (16.1); 
however, the differences between the treatments 
were found not to be significant during the first year 
of the study. The higher values of total soluble solids 
(TSS), titratable acidity (TA) and TSS/TA ratio under 
the organic treatment could be related to the increase 
in vegetative growth of conventional tomato plants. 
The increase of carbon allocation in the leaves or the 
increased shading of the fruits due to excess foliage 

could decrease total soluble solids and titratable 
acidity (Rickman Pieper and Barrett, 2008).

Fruit surface colour
Tomato fruit colour constitutes one of the essential 
and complex quality characteristics of the fruit, 
with the complexity being due to the presence of 
a diverse carotenoid pigment system subjected to 
both genetic and environmental conditions (López 
Camelo and Gómez, 2004). During the experiment, 
colour lightness (L*) was significantly affected 
by the different fertilization treatments (Tab. 3). 
The highest value (43.4) was found in the organic 
fertilization treatment, while the lowest (42.2) was 
obtained in the untreated plots, indicating that the 
red colour of organic tomato fruits was lighter. 
Similarly, Polat et al. (2010) had reported that 
colour lightness was found to be higher in organic 
fertilization treatments as compared with inorganic 
ones. Moreover, the lightness had a positive and 
significant correlation with total soluble solids (r = 
0.602, p = 0.008) and a negative correlation with 
titratable acidity (r= -0.594, p = 0.009). The α* 
value is the most indicative of the intensity of red 
colour, with higher a* values being more desirable 
in tomatoes (Barrett et al., 2007). Moreover, this 
colour value has the tendency to increase during 
tomato ripening, since the red colour is the result of 
chlorophyll degradation and synthesis of lycopene 
and other carotenoids, as chloroplasts converted 
into chromoplasts (Nour et al., 2015). The a* value 
was significantly different among the fertilization 
treatments. The data showed that the tomato fruits 
on the plots treated with compost had the highest 
values ranging from 34.7 (2014) to 36.1 (2016). 
These results are in full agreement with those of 
Viskelis et al. (2015), who investigated three tomato 
genotypes in greenhouse production using organic 
and conventional cropping systems and found that 
the a* value of organic tomato fruits differed by 2.46 
from that of the conventionally grown ones. The a* 
parameter had a positive and significant correlation 
with total soluble solids (r = 0.716, p < 0.001). The b* 
value usually increases from the breaker to turning-
pink stage, and then decreases until the red stage, 
since the ζ-carotene (pale yellow) reaches its highest 
concentration before full maturity (Bhandari and 
Lee, 2016). In the present study, this value was not 
significantly influenced by fertilization, with the 
mean values ranging from 26.4 (control) to 26.9 
(organic fertilization). According to the research 
by López Camelo and Gómez (2004), the b* colour 
values did not change during the ripening stage, 
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Table 3. Effect of fertilization (control, compost, inorganic fertilizer) on fruit surface colour by Tukey’s HSD test

Fertilization
Fruit surface colour

CIELAB values Colour indices
Experiment 2014 L* a* b* CI h° C* DE a*/b*
Control 42.7±0.5 b 33.4±0.2 c 26.7±0.7 a 29.1±0.9 a 55.1±2.0 a 42.8±0.6 a 38.5±0.4 a 1.24±0.03 a
Compost 43.8±0.2 a 34.7±0.2 a 27.1±0.5 a 29.2±0.4 a 57.6±1.4 a 44.1±0.4 a 37.6±0.3 a 1.28±0.02 a
Inorganic fertilizer 42.8±0.3 b 34.0±0.1 b 27.8±1.2 a 28.7±1.3 a 54.0±3.6 a 43.9±0.8 a 38.7±0.8 a 1.23±0.05 a

Ffertilization * *** ns ns ns ns ns ns

Experiment 2016 L* a* b* CI h° C* DE a*/b*
Control 41.6±0.4 b 34.3±0.4 b 25.9±0.6 a 31.8±0.7 a 61.0±3.1 a 43.0±0.2 b 37.4±0.8 a 1.33±0.04 a
Compost 42.9±0.5 a 36.1±0.7 a 26.7±0.7 a 31.5±1.1 a 62.9±2.6 a 44.9±0.8 a 36.5±0.5 a 1.35±0.03 a
Inorganic fertilizer 42.2±0.4 ab 34.6±0.2 b 25.6±0.3 a 32.0±0.7 a 62.8±1.7 a 43.0±0.4 b 36.9±0.3 a 1.35±0.02 a

Ffertilization * ** ns ns ns ** ns ns

Mean of the years L* a* b* CI h° C* DE a*/b*
Control 42.2±0.7 b 33.8±0.6 b 26.4±0.8 a 30.5±1.7 a 58.1±3.9 a 42.9±0.4 b 38.0±0.8 a 1.28±0.05 a
Compost 43.4±0.6 a 35.4±0.9 a 26.9±0.6 a 30.3±1.5 a 60.3±3.4 a 44.5±0.8 a 37.1±0.7 a 1.32±0.04 a
Inorganic fertilizer 42.5±0.5 b 34.3±0.3 b 26.7±1.4 a 30.4±2.1 a 58.4±5.4 a 43.5±0.7 b 37.8±1.1 a 1.29±0.08 a

Ffertilization *** *** ns ns ns ** ns ns

Fyear *** *** ** *** *** ns *** ***

Ffertilization × year ns ns ns ns ns ns ns ns

L* = colour lightness, a* = colour index, b* = colour index, CI = colour index, h° = hue angle, C* = chroma, DE = colour difference 
with true red. Values are means ± standard deviations. Different letters within a column indicate significant differences according to 
Tukey’s HSD test (p = 0.05). Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05)

Table 4. Effect of fertilization (control, compost, inorganic fertilizer) on lycopene content and lycopene yield by 
Tukey’s HSD test

Fertilization Lycopene content
(mg kg-1 fresh weight)

Lycopene yield
(kg ha-1)

Experiment 2014
Control 77.0±0.8 b 9.7±0.9 b
Compost 87.0±4.0 a 13.0±1.1 a
Inorganic fertilizer 79.6±3.5 ab 13.9±1.1 a

Ffertilization ** **

Experiment 2016
Control 74.3±2.5 c 9.1±1.3 b
Compost 89.9±2.6 a 13.5±1.1 a
Inorganic fertilizer 81.4±1.6 b 13.1±0.8 a

Ffertilization *** **

Mean of the years
Control 75.6±2.2 c 9.4±1.0 b
Compost 88.5±3.4 a 13.2±1.1 a
Inorganic fertilizer 80.5±2.62 b 13.5±1.0 a

Ffertilization *** ***

Fyear ns ns

Ffertilization × year ns ns

Values are means ± standard deviations. Different letters within a column indicate significant differences according to Tukey’s HSD 
test (p = 0.05). Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001; ns, not significant (p > 0.05)
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although values were slightly higher at the pink-
light red stage. Rickman Pieper and Barrett (2008) 
conducted an experiment and found that the organic 
tomato fruits had significantly higher b* values 
than the conventional ones, and explained that the 
organic fruits were less ripe. The b* parameter had 
a negative and significant correlation with titratable 
acidity (r = -0.554. p = 0.017).

Concerning the colour indices, the a*/b* index, 
hue angle, colour index and colour difference did 
not differ among the fertilization regimes. Despite 
the absence of a significant influence of fertilization 
regimes on these indices, the highest mean values of 
a*/b* (1.32) and hue angle (60.3) were observed in 
organic plots, while the highest colour index (30.6) 
and colour difference (38.0) were obtained under 
the inorganic treatment and control, respectively. 
Chassy et al. (2006) had reported that the a*/b* 
values were slightly lower in organic production 
systems than conventional ones, but the difference 
was not significant. The a*/b* index had a positive 
and significant correlation with titratable acidity  
(r = 0.614, p = 0.006); however, the expected strong 
correlation with lycopene content (r = 0.301, p = 
0.101) was not observed as in other studies (Nour et 
al., 2015). Some researchers, measuring this index 
on the fruit skin, did not find the existence of any 
direct correlation with lycopene content since the 
same a*/b* value could correspond to lycopene 
contents differing 100% (Dumas et al., 2003). 
Concerning hue, a two-year experiment had been 
conducted and it was observed that during the first 
year the hue angle was significantly affected by 
organic and conventional fertilization treatments, 
and the lowest value (reddish) was found in 
conventionally grown tomatoes (Polat et al., 2010). 
Chroma is another colour index that reflects colour 
saturation and increases during the ripening of 
tomato fruits (Nour et al., 2015). With the exception 
of the first year (2014), chroma was significantly 
affected by fertilization, and the fruits harvested 
from the organic plots presented the highest value 
(44.9 in 2016). Finally, as regards the effect of the 
year on fruit surface colour, it had a great impact on 
the colour parameters and indices. The higher mean 
air temperature in the fruiting stage during the 
second year of the study resulted in more reddish 
tomato fruits (Vogele, 1937).

Lycopene content and lycopene yield
As mentioned above, lycopene, the red pigment of 
tomato, is the most important tomato carotenoid 
because of its antioxidant activity against chronic 

illnesses, including cardiovascular diseases and  
a broad range of epithelial cancers. The results on 
lycopene content showed a significant variation 
among the fertilization treatments (Tab. 4). In 
particular, the highest lycopene content was 
achieved in the organic fertilization treatment  
(88.5 mg kg-1 f.w.), followed by the inorganic 
(80.5 mg kg-1 f.w.) and control (75.6 mg kg-1 f.w.) 
treatments. These results are in line with those of 
Rickman Pieper and Barrett (2008), who reported 
that higher levels of lycopene, on a fresh weight 
basis, were found in organically grown tomatoes. 
With the increase of plant-available nitrogen came 
increased vegetative growth, which in turn increased 
shading and hence reduced the solar radiation 
and temperature for tomato fruits, consequently 
reducing the lycopene content (Knee, 2002). 
During recent years, the interest of processing 
industries to make products with a high lycopene 
content, as well as the interest of pharmaceutical and 
cosmetic industries to use lycopene in their products, 
have increased the need for tomatoes with a high 
lycopene content in order to reduce the extraction 
costs. The lycopene content in processing tomato 
cultivars ranges between 40 and 80 mg kg-1 fresh 
weight (Cantore et al., 2008). Our results revealed 
that organic processing tomatoes can be used for 
lycopene production. The lycopene content had  
a positive and significant correlation with total 
soluble solids, L* and a* (r = 0.889, p < 0.001, 
r = 0.597, p = 0.008 and r = 0.699, p = 0.002, 
respectively) and some colour indices such as 
chroma and colour difference (r = 0.633, p = 0.005 
and r = -0.476, p = 0.041).

Regarding the lycopene yield, the highest 
yield (13.5 kg ha-1) was recorded in the inorganic 
fertilization treatment followed by the organic 
treatment (13.2 kg ha-1) with no statistical differences 
between them. The highest lycopene yield obtained 
in the inorganically fertilized plots was due to the 
fact that this value depends on fruit yield, and the 
greatest fruit yield was obtained under the inorganic 
treatment. As shown in Table 5, lycopene yield had 
a positive and significant correlation with fruit 
number, fruit weight and fruit yield (r = 0.797, p 
< 0.001; r = 0.533, p = 0.022; r = 0.919, p < 0.001).

CONCLUSIONS
The results of the present study indicate that the yield 
and quality characteristics of processing tomato 
crops were affected by fertilization. The highest dry 
weight per plant, fruit number per plant, average 
fruit weight and fruit yield were observed following 
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the application of the inorganic fertilizer. In terms 
of fruit diameter and fruit firmness, there were no 
significant differences between the fertilization 
treatments. Among the colour parameters, only the 
L* and a* values were influenced by the application 
of fertilizers, with the highest values found in the 
organic treatment. With the exception of the year 
2014, the chroma index had the highest value in the 
organic treatment, while the other colour indices 
were found not to differ among the treatments 
regardless of the year. Significantly higher total 
soluble solids and total soluble solids to titratable 
acidity ratio found in organically grown tomatoes 
are particularly important to the processing tomato 
industry. Finally, the highest lycopene content 
produced under organic fertilization as well as 
the non-significant difference between the organic 
and conventional tomatoes in terms of lycopene 
yield make organic processing tomatoes suitable 
for lycopene production. There is a clear need to 
continue this study as a long-term experiment in 
order to investigate the effect of seasonality.

ACKNOWLEDGEMENT
The authors wish to record their sincere thanks to 
Aristotle Kyritsis, agronomist, and D. Nomikos-
Copais S.A. tomato processing company for 
providing the tomato seedlings.

FUNDING
The search was supported by the Laboratory of 
Agronomy, Agricultural University of Athens.

AUTHOR CONTRIBUTIONS
All authors contributed equally to the design and 
implementation of the research, to the analysis of 
the results and to the writing of the manuscript.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

REFERENCES
Akdeniz B., Demirbüker Kavak B., Ağdatlioğlu 
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