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Abstract: Courgette is a popular vegetable belonging to the Cucurbitaceae family. It is known for its
good adaptation to different weather conditions, although it performs best in a warm and humid
climate. Since the yield and various quality characteristics of vegetables are known to be strongly
influenced by a number of weather, agronomic, and genetic (variety/cultivar) factors, in this study we
aimed to compare three cultivars of courgette (Atena, Lajkonik and Soraya) grown in two consecutive
growing seasons in the organic and conventional agronomic systems. The concentrations of nitrates,
nitrites, carotenoids (lutein, zeaxanthin, β-carotene) and chlorophylls (chlorophyll a, chlorophyll b) in
courgette fruits were analyzed by HPLC. The growing season had a predominant effect on the yield
as well as the majority of the analyzed compositional parameters of the courgette fruits. The studied
cultivars differed significantly in the concentration of lutein, β-carotene, and chlorophylls, although
some significant interactions between the cultivar and the growing season were observed. On average,
organically grown courgettes were characterized by a significantly higher yield, as well as higher dry
matter and chlorophyll content, however, this agronomic system’s effect was not consistent among all
the studied cultivars in the two seasons. The study suggests that organic practices have a potential to
provide high yields of good quality crops, comparable (or, in the case of some parameters, better)
than the conventional, resource-intensive horticulture.

Keywords: organic agriculture; conventional agriculture; courgette; Cucurbita pepo; yield; carotenoids;
chlorophylls; nitrates; nitrites; HPLC

1. Introduction

Courgette, known also as zucchini, belongs to the large botanical family Cucurbitaceae [1], and
is distinguished, next to, e.g., pumpkin, cocozelle, and marrow, as a representative of Cucurbita pepo
species, subspecies pepo [2]. Courgettes and many other vegetables from the Cucurbitaceae family
are popular and consumed on all continents [2], marketed both as fresh and processed products.
The highest production of Cucurbitaceae has been noted in Spain, Poland, United States of America
and Chile. However, the organic production of courgettes is marginal compared to the conventional
production. According to Eurostat Statistics [3], in 2019 the conventional production of courgettes and
marrows in the EU amounted to 1586.35 thousand tons, while in Poland it was 20.4 thousand tons.
At the same time, organic production of courgettes, together with all organic vegetables cultivated for
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fruit (including melons), reached 446.20 thousand tons in the EU and 16.20 thousand tons in Poland.
Data on organic courgettes only are not available.

Courgettes can be grown either from seeds or seedlings, in the open field or under cover [4].
Plants produce fruits in around 50 days after sowing and 40 days after transplanting [5]. Although
they grow best in warm and humid weather, courgettes are generally known for their good adaptation
to different environmental conditions, indicated by rather stable yielding [6,7].

Due to its adaptability and resistance to diseases and other agronomic and environmental stress
factors, courgette seems to be perfectly suitable for cultivation in extensive agricultural systems, i.e.,
in the organic system. Organic horticulture relies on natural fertilizers such as manure and composts,
natural plant protection strategies (biological, mechanical) and diverse crop rotations. As stated in the
new European Council Regulation 2018/848 [8] on organic production, this type of farming aims to
combine best environmental and climate action practices, support biodiversity and preservation of
natural resources, and should apply the highest production standards, in line with the demand of a
growing number of consumers for foods produced with the use of natural substances and processes.
These aims of organic farming are closely in line with the Sustainable Development Goals of the
United Nations [9]. Besides providing the environmental benefits, organic farming is expected to
deliver crops and food products of high quality and safety. Indeed, the available research suggests that
exposure to chemical pesticides can be significantly reduced and health-beneficial bioactive compound
consumption can be increased by switching from the consumption of conventional to organically grown
fruits and vegetables [10–16]. Taking into consideration the fact that the consumption of vegetables
and fruits is, nowadays, strongly promoted, and that the organic food market, especially in Europe and
the US is rapidly growing [17], characterization of the quality and overall performance of organically
produced vegetables, including courgette, can undoubtedly count as a high interest of researchers,
farmers and consumers. There are some studies on the yield and selected quality aspects of squashes
cultivated in different cropping systems, e.g., soilless and hydroponic systems [18,19], or under drip
irrigation [20], with different fertilization protocols [21,22]. However, the available research data on
the performance and quality of Cucurbita pepo species grown in organic vs. conventional systems are
very limited. Therefore, the aim of the present study was to characterize the yield as well as selected
quality characteristics, including nitrates, nitrites, carotenoids and chlorophyll content, in the fruits of
three courgette cultivars grown in two consecutive seasons according to organic and conventional
farming standards.

2. Materials and Methods

2.1. Study Design and Plant Material

The research was conducted on three popular courgette cultivars (Atena, Lajkonik and Soraya)
grown in two consecutive cultivation seasons in organic and conventional experimental plots of the
Institute of Horticulture in Skierniewice, Poland (51◦57′ N 20◦8′ E). Lajkonik and Soraya represent
cultivars of courgette providing fruits with green skin, while Atena fruits are characterized by yellow
skin. The most important information about the field experiment, including the agronomic practices
applied, is presented in Table 1. The organic experimental field was established in 2002 in an area of
5 ha, with rimmed buffer strips ensuring high biodiversity. Both the organic and the conventional field
are located on podzolic soil with 1.05–1.15% of organic matter and soil pH of 6.7–7.0. The two-factorial
experimental design included 24 plots (size of a single plot: 10 m2), with four replicate plots for each
combination of two cultivation systems and three cultivars. In both cultivation systems, the plots
were mulched with black non-woven polypropylene agrotextile (50 g/m2, BPP50). Neither disease nor
pest control was applied in the experiment. Three years of crop rotation (vegetables-cereals-legumes
mixed with cereals) was used in both cultivation systems. Conventional plots were fertilized with
multicomponent mineral fertilizer, providing 120 kg/ha of nitrogen, 275 kg/ha of phosphorus and
256 kg/ha of potassium every year. The nitrogen fertilization was applied before and after planting
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(in total 120 kg/ha, urea). Organic plots were supplied with nutrients from red clover and rye straw
as well as the organic compost (20 t/ha) incorporated into the soil before planting. Courgette sowing
in both systems started in the beginning of May. Seeds were sown into multiplates for transplant
production. Transplanting took place in mid-June. The fruits were harvested six times, between 24
July and 4 October.

Table 1. Agronomic conditions and practices applied in the organic vs. conventional courgette cultivation.

Agronomic Conditions and
Practices Organic Field Conventional Field

Type of soil podzolic soil 1.05–1.15% organic matter

pH 6.8 7.0

Plot size 10 m2 10 m2

No. of field replications 4 4

Weed control polypropylene agrotextile mulching (50 g/m2 BPP50)

Crop rotation vegetables, cereals, legumes mixed with cereals

Fertilization red clover + rye straw
compost 20 t/ha mineral

Nitrogen (N) 140 kg/ha 120 kg/ha (urea)

Phosphorus (P) 80 kg/ha 275 kg/ha (superphosphate)

Potassium (K) 160 kg/ha 256 kg/ha (hydrated potassium
sulfate)

Calendar of Sowing and Harvesting

2012 2013

Sowing date 6 May 4 May

Transplanting date 14 June 20 June

Harvest time 24 July–4 October

Information about weather conditions (sunshine hours, rainfall, humidity and temperatures) in
both experimental years are presented in Figure 1.
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2.2. Yield Analysis

Each year courgette fruits from all experimental plots (four replicate plots of each of the two
growing systems × three cultivar combinations) were harvested six times, between 24 July and 4
October. Within each plot and combination, fruits were additionally grouped depending on their
length (small: 7–14 cm, medium: 15–21 cm, long: 22–30 cm). Within each size (length), all fruits
were counted and weighted, to determine the yield. The yield was expressed in tons per hectare and
thousands of fruits per hectare. Additionally, the average fruit weight (in g) was calculated.

2.3. Preparation of Fruit Samples for Analyses

The random fresh fruits samples from each experimental plot, from two harvests in each season
(6 August and 5 September 2012; 27 August and 4 October 2013), were transported to the Department
of Functional and Organic Food, Warsaw University of Life Sciences (Warsaw, Poland) for the dry
matter and chemical composition analyses. Fruits were washed and cut into cubes (5 × 5 × 5 mm).
Fresh fruit samples were used for dry matter content analysis. At the same time, 100 g samples were
frozen (−80 ◦C for 24 h) and subjected to a freeze-drying process using a Labcono 2.5 freeze-dryer
(Labconco Corporation, Kansas City, MO, USA). The freeze-drying process was carried out at −40 ◦C
and the pressure of 0.100 mBa. After freeze-drying, the samples were ground in a laboratory mill A-11
(IKA®-Werke GmbH & Co. KG, Staufen im Breisgau, Germany) and stored in scintillation vials at
−80 ◦C until further analyses of carotenoids, chlorophylls, nitrates and nitrites content.

2.4. Dry Matter

Dry matter analysis was carried out according to the procedure described in Polish Norm
PN-EN-12145:2001 [23]. Fresh courgette fruit samples (15–20 g) were subjected to a drying process in
105 ◦C, with free air circulation (FP-25W Farma Play dryer, Farma Play, Marki, Poland) for 72 h. The
dried samples were cooled in desiccator and weighted. The content of dry matter was calculated in g
per 100 g fresh matter [24].

2.5. Chemicals

Acetone (HPLC grade) from Sigma-Aldrich (Poznań, Poland); carotenoids and chlorophylls
standards: β-carotene, chlorophyll a, chlorophyll b, lutein (HPLC grade 99.5–99.9% pure) from Fluka
and Sigma-Aldrich (Poznań, Poland); Carrez I (15% potassium ferrocyanide) from Chempur (Piekary
Śląskie, Poland); Carrez II (30% potassium sulfate liquid) from Chempur (Piekary Śląskie, Poland).

2.6. Nitrates and Nitrites Extraction and Identification

The concentrations of nitrates and nitrites in courgette fruits were determined with
high-performance liquid chromatography (HPLC) method, according to PN-EN Norm (12014-2) [25].
For each sample, the freeze-dried plant material (50 mg) was weighted into a plastic tube. The samples
were deproteinized by two Carrez solutions and filtered. The extract was used for the HPLC analysis,
with Shimadzu equipment (two LC-20AD pumps, CMB-20A system controller, SIL-20AC autosampler,
UV-Vis SPD-20AV detector, Shimadzu, USA Manufacturing Inc., Canby, OR, USA). Hamilton column
(150 × 4.1 PRP-x100) was used. The injection volume was 100 µL. The isocratic gradient was applied.
The mobile phase was 2.0 mM sodium benzoate (pH 6.5). Oven temperature was set at 21 ◦C, flow rate
was 1 mL/min. The wavelength used for detection was 260 nm. The contents of nitrates and nitrites
were calculated on the standard solution base [26].

2.7. Carotenoid and Chlorophyll Extraction and Identification

The carotenoids and chlorophylls were analyzed using HPLC protocol previously described in
Średnicka-Tober et al. (2019) [27]. Freeze-dried courgette fruit powder (100 mg) was mixed with
5 mL of pure acetone by Vortex mixer. Samples were incubated in ultrasonic bath (15 min, 0 ◦C) and
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centrifuged (6000 rpm, 10 min, 0 ◦C). Supernatant was transferred to dark HPLC vials. The compounds
were determined using the previously described Shimadzu HPLC. A Max-RP 80A column (250 ×
4.6 mm) was used. The injection volume was 100 µL. The wavelength of 445–450 nm was used for
detection. Time of analysis was 18 min. The example of a chromatogram showing peaks for individual
compounds is presented in Figure 2. The compounds were identified by comparing their retention
times to those of the authentic standards (Fluka and Sigma-Aldrich, Poznań, Poland, purity of 99.98%).
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2.8. Statistical Analysis

The statistical analyses were carried out in the R statistical environment [28]. First, the normality
of data distribution was tested using the qqnorm function in R. Not normally distributed data were
transformed as necessary. The cube root transformation was applied to data on the concentration of
dry matter, nitrates, nitrites, sum of carotenoids and chlorophyll a. The logarithm transformation
was applied to data on the concentration of lutein, zeaxanthin and sum of chlorophylls. Data on the
concentration of chlorophyll b and β-carotene did not need to be transformed. The 3-factor Analyses of
Variance (ANOVA) were performed using a linear-mixed effects model, with growing year, courgette
cultivar, and cultivation system as fixed effect factors, and harvest date and fruit size as random effect
factors. This allowed to test the significance of the experimental factors and their interactions. Next,
the 2-factor ANOVA was carried out, to explain the identified interactions. The significance of the
differences between interaction means was tested by Tukey’s HSD post hoc test.

3. Results and Discussion

3.1. Yield Parameters

The average marketable yield of courgette fruits in the experiment amounted to 22.6 ± 1.05 kg per
experimental plot, which means 22.6 ± 1.05 tons/ha, composed of 88.85 ± 4.07 thousands of fruits/ha,
with the average weight of a single fruit reaching 0.26 ± 0.01 kg. The greatest part of the yield (in kg)
was represented by the large (22–30 cm) fruits (13.33 ± 0.73 tons/ha), while the number of fruits was
greatest in the case of small (7–14 cm) fruits (37.60 ± 2.31 thousands of fruits/ha). The fruit yield was
affected by all the three experimental factors: year of cultivation, cultivar and the growing system.
On average, the yield was higher in 2013 compared to the 2012 cultivation season (total yield in kg,
number of harvested fruit, as well as the average fruit weight), higher in Atena compared to the other
two cultivars, and significantly higher in the organic compared to the conventional cropping system
(Table 2). However, significant interactions between the experimental factors were also observed,
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e.g., the described effects of the production system and cultivation year were observed in the case of
Atena and Soraya but not in the Lajkonik cultivar (Figures 3 and 4). The average fruit weight was
generally higher in the case of fruits harvested in 2013 vs. 2012, in those coming from the organic vs.
conventional system, and in the case of Soraya compared to the two other cultivars (Table 2). However,
these outcomes were not consistent for all experimental combinations, e.g., a statistically significant
impact of the cultivation year was observed only in the case of Soraya cultivar (Figure 5).
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of probability.
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Table 2. The main effects of, and interactions between, cultivation year, cultivar and agronomic system on the yield of small (7–14 cm), medium (15–21 cm) and large
(22–30 cm) courgette fruits and the average fruit weight.

Factor Yield (tons/ha) Yield (Fruits × 103/ha) Average Fruit
Weight (kg)7–14 cm 15–21 cm 22–30 cm All 7–14 cm 15–21 cm 22–30 cm All

Cultivation Year (CY)
2012 2.36 ± 0.20 1 5.91 ± 0.49 11.3 ± 1.0 19.5 ± 1.5 37.6 ± 2.7 25.9 ± 1.9 20.1 ± 1.6 83.6 ± 5.6 0.235 ± 0.009
2013 2.70 ± 0.27 7.56 ± 0.44 15.4 ± 1.0 25.6 ± 1.2 37.6 ± 3.8 32.9 ± 2.1 23.6 ± 1.2 94.1 ± 5.9 0.288 ± 0.016

Cultivar (CV)
Atena 2.82 ± 0.30 a 2 7.36 ± 0.56 14.6 ± 1.6 24.8 ± 2.2 50.2 ± 3.8 a 35.1 ± 2.2 a 25.6 ± 2.2 a 110.9 ± 7.4 a 0.219 ± 0.010 b

Lajkonik 2.84 ± 0.32 a 7.17 ± 0.50 11.6 ± 1.0 21.6 ± 1.3 38.5 ± 2.9 b 32.0 ± 2.2 a 18.9 ± 1.0 b 89.4 ± 3.6 b 0.243 ± 0.012 b
Soraya 1.93 ± 0.19 b 5.67 ± 0.67 13.9 ± 1.1 21.5 ± 1.8 24.1 ± 2.2 c 21.1 ± 2.0 b 21.1 ± 1.5 ab 66.3 ± 4.6 c 0.322 ± 0.016 a

Agronomic System (AS)
organic 3.16 ± 0.23 7.37 ± 0.42 15.8 ± 1.0 26.4 ± 1.4 42.8 ± 3.4 31.9 ± 2.1 25.2 ± 1.4 99.9 ± 5.8 0.274 ± 0.014

conventional 1.91 ± 0.17 6.09 ± 0.53 10.8 ± 0.8 18.8 ± 1.2 32.4 ± 2.8 26.9 ± 2.1 18.5 ± 1.2 77.8 ± 4.9 0.249 ± 0.013
ANOVA p-values

CY NS 3 0.009 <0.001 <0.001 NS 0.001 0.013 0.015 <0.001
CV 0.013 0.051 0.051 NS <0.001 <0.001 0.001 <0.001 <0.001
AS <0.001 0.039 <0.001 <0.001 0.001 0.017 <0.001 <0.001 0.023

CY × CV NS NS NS NS 0.010 NS NS 0.007 0.009
CY × AS NS 0.023 NS NS 0.042 0.005 0.007 <0.001 NS
CV × AS NS NS 0.027 0.026 NS NS 0.029 0.013 NS

CY × CV × AS NS NS NS NS NS NS NS NS NS
1 Data are presented as means ± standard errors; 2 Values in columns followed by different letters are significantly different at the 5% level of probability; 3 NS—not significant (p > 0.05).
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Figure 4. Number (pcs/plot = pcs × 103/ha) of all (7–30 cm), small (7–14 cm), medium (15–21 cm)
and large (22–30 cm) organic (ORG) and conventional (CNV) courgette fruits of Atena, Lajkonik and
Soraya cultivars grown in two consecutive years. Data are presented as means with standard errors.
Within each cultivar, bars marked with the same letters are not significantly different at the 5% level
of probability.
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Figure 5. Average fruit weight of organic (ORG) and conventional (CNV) courgette of Atena, Lajkonik
and Soraya cultivars grown in two consecutive years. Data are presented as means with standard
errors. Within each cultivar, bars marked with the same letters are not significantly different at the 5%
level of probability.

Inconsistent yielding results in unstable incomes and makes sales planning more difficult. Thus,
yield and its stability over the years are among the most important parameters for farmers, often
determining cultivar selection for growing. Looking through this perspective, results of the presented
study indicate that in the conventional system, Lajkonik cultivar of courgette was characterized by
the most stable yields across growing seasons. Yields of courgette fruits grown in the organic system
were much more stable over the years, which was confirmed in the case of all three cultivars tested
(Figure 3).

3.2. Dry Matter Content

Courgette fruits are characterized by high water and low dry matter content. The average dry
matter content in the courgette fruits analyzed within the study reached 5.45 ± 0.08 g/100g f.w. Among
the three factors, cultivation year appeared to be a predominant factor differentiating the dry matter
content in the fruits. Courgettes grown in 2012 were characterized by a higher dry matter content
than those cultivated in 2013 (Table 3). Moreover, on average, organic courgettes contained more dry
matter than conventional courgettes (Table 3), although this was significant only in the case of Soraya
(Figure 6). A study comparing the dry matter content in the mesocarp and epicarp of Cucurbita pepo
fruits showed greater contents in epicarp than mesocarp, with contents in epicarp similar to those
obtained in the present study [29]. The dry matter content is considered an important feature for
sensory assessment of fruits. Dry matter content in buttercup squash fruits between 20% and 28%
was noted as acceptable for direct consumption, while fruits with a dry matter content over 28% were
qualified for processing purposes [30]. This feature was considered crucial in breeding programs of
Cucurbita maxima to obtain the best crops, matching consumer preferences [1,31]. Another experiment
also showed a strong dependence of sensory assessment on the dry matter content of Cucurbita maxima
and moschata fruits [32]. Usually, consumers prefer fruits with higher dry matter content [1,29]. In view
of these aspects, it can be considered that the dry matter content in courgette fruits is an important
factor for sensory desirability and should be examined in future research.
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Table 3. The main effects of, and interactions between, cultivation year, cultivar and agronomic system on the content of dry matter, nitrites, nitrates, carotenoids and
chlorophylls in the courgette fruits.

Factor Dry Matter
(g/100 g f.w.)

Nitrites
(mg/kg f.w.)

Nitrates
(mg/kg f.w.)

Carotenoids
(µg/g f.w.)

Lutein (µg/g
f.w.)

Zeaxanthin
(µg/g f.w.)

β-carotene
(µg/g f.w.)

Chlorophylls
(mg/100 g

f.w.)

Chlorophyll
a (mg/100 g

f.w.)

Chlorophyll
b (mg/100 g

f.w.)

Cultivation Year (CY)
2012 5.66 ± 0.08 1 1.52 ± 0.05 29.33 ± 0.95 12.38 ± 0.20 5.65 ± 0.14 4.11 ± 0.06 2.62 ± 0.04 4.28 ± 0.11 2.94 ± 0.09 1.34 ± 0.05
2013 5.24 ± 0.14 0.88 ± 0.02 13.28 ± 0.33 12.23 ± 0.22 4.38 ± 0.07 6.06 ± 0.11 1.80 ± 0.06 4.87 ± 0.18 3.02 ± 0.14 1.86 ± 0.04

Cultivar (CV)
Atena 5.62 ± 0.14 a 2 1.23 ± 0.06 a 21.93 ± 1.27 a 12.04 ± 0.28 b 5.01 ± 0.18 ab 5.02 ± 0.15 a 2.01 ± 0.09 b 3.89 ± 0.10 b 2.37 ± 0.09 b 1.52 ± 0.05 a

Lajkonik 5.52 ± 0.15 a 1.22 ± 0.06 a 21.39 ± 1.32 a 12.20 ± 0.23 ab 4.71 ± 0.11 b 5.11 ± 0.15 a 2.38 ± 0.07 a 5.51 ± 0.15 a 3.85 ± 0.11 a 1.66 ± 0.06 a
Soraya 5.21 ± 0.11 a 1.15 ± 0.06 a 20.59 ± 1.28 a 12.68 ± 0.27 a 5.33 ± 0.16 a 5.11 ± 0.17 a 2.24 ± 0.07 a 4.33 ± 0.23 b 2.72 ± 0.17 b 1.61 ± 0.07 a

Agronomic System (AS)
organic 5.57 ± 0.10 1.23 ± 0.05 20.48 ± 0.95 12.36 ± 0.20 4.97 ± 0.10 5.15 ± 0.13 2.24 ± 0.06 4.71 ± 0.16 3.09 ± 0.13 1.62 ± 0.05

conventional 5.33 ± 0.13 1.17 ± 0.05 22.12 ± 1.14 12.26 ± 0.23 5.06 ± 0.15 5.01 ± 0.13 2.18 ± 0.06 4.44 ± 0.14 2.87 ± 0.11 1.58 ± 0.05
ANOVA p-values

CY <0.001 <0.001 <0.001 NS <0.001 <0.001 <0.001 0.002 NS <0.001
CV NS 3 NS NS 0.047 <0.001 NS <0.001 <0.001 <0.001 0.017
AS 0.035 NS NS NS NS NS NS 0.043 0.036 NS

CY × CV NS NS NS 0.022 0.009 NS <0.001 <0.001 <0.001 0.007
CY × AS NS NS 0.029 NS 0.050 NS 0.046 NS NS NS
CV × AS NS NS NS NS 0.002 NS 0.042 NS NS NS

CY × CV × AS NS NS NS NS NS NS NS NS NS NS
1 Data are presented as means ± standard errors; 2 Values in columns followed by different letters are significantly different at the 5% level of probability; 3 Not significant (p > 0.05).
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Figure 6. Dry matter, nitrates and nitrites content in organic (ORG) and conventional (CNV) courgette
fruits of Atena, Lajkonik and Soraya cultivars grown in two consecutive years. Data are presented as
means with standard errors. Within each cultivar, bars marked with the same letters are not significantly
different at the 5% level of probability.

3.3. Nitrates and Nitrites Content

The content of nitrates and nitrites in the courgette fruits analyzed within the study reached,
on average, 21.30 ± 0.74 mg/kg f.w. and 1.20 ± 0.03 mg/kg f.w., respectively, and varied significantly
between the fruits grown in the 2012 and 2013 seasons. Fruits cultivated in 2012 were more abundant
in nitrites and nitrates than those grown in 2013, regardless of the cultivar and agronomic system
(Table 3). At the same time, no significant differences in the content of nitrates and nitrites between
organic and conventional fruits and between the tested cultivars were observed (Table 3 and Figure 6).

According to the available research, nitrate concentration in plants depends on many factors, such
as open field vs. greenhouse farming [33], irrigation with calcium [34], fruit development stage [35,36],
organic vs. conventional production system [36,37] and especially type and doses of nitrogen fertilizers
used in cultivation [38]. Some researchers point out that nitrate content depends also on climate and
weather conditions, plant variety, and on the soil type [39].

Dietary nitrites intake is widely considered to be potentially harmful for human health, as these
compounds have been described as a risk factor for stomach cancer and methemoglobinemia in
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humans [40]. Although there is a considerable controversy on whether nitrates naturally occurring
in vegetables also should be considered as a food safety hazard, high concentrations of nitrates and
nitrites, especially in foods intended for infants and children, are considered not desirable [40–42].

Nitrogen in organic fertilizers is not as soluble and freely available as in the synthetic fertilizers,
and thus plants grown in the organic cropping systems, fertilized with manures and compost, usually
absorb nitrogen slower than the plants grown in the intensive, conventional systems where high doses
of synthetic, mineral nitrogen fertilizers are applied [38,43]. However, fruits of Cucurbitaceae family are
generally characterized by a low tendency to nitrate and nitrite accumulation [44,45]. Nitrate content
in marrow, squash, pumpkin, gourd and courgette was previously reported to reach 200–500 mg/kg
f.w. [38,39,46,47], which represented greater values than those found in the present study. Other
authors have found 73 mg of nitrates in 1 kg of fresh small courgettes [48]. Conventional courgette
fruits were also shown to concentrate from 27 [49] to 897 mg/kg f.w. [50] of nitrates. A smaller range of
nitrate content (from 43 [51] to 405 mg/kg f.w. [52]) was noted in organic vegetable marrow (Cucurbita
pepo L.) [38]. Studies focused on other crops showed a relation between nitrate concentrations and
morphological characteristics of species and cultivars [38,53].

3.4. Carotenoids Content

Carotenoids belong to natural plant metabolites with well-documented positive effects on human
health. The relationships between carotenoid consumption and protection against the development of
several types of cancer, degenerative diseases, sight protection, as well as prevention of many other
conditions related to oxidative stress, have been reported [54,55]. Lutein, zeaxanthin and β-carotene
are the main carotenoids found in fruits of Cucurbitaceae family [56,57]. The courgette fruits analyzed
within the study contained, on average, 12.31 ± 0.15 µg/g f.w. of these carotenoids (sum), including 5.02
± 0.09 µg/g f.w. of lutein, 5.08 ± 0.09 µg/g f.w. of zeaxanthin and 2.21 ± 0.04 µg/g f.w. β-carotene. Fruits
grown in 2012 were generally richer in lutein and β-carotene, but contained less zeaxanthin compared
to those grown in 2013 (Table 3). In effect, the summary concentration of all the three carotenoids did
not differ significantly between years. Moreover, the tested courgette cultivars differed significantly in
the concentrations of lutein and β-carotene in the fruit. Soraya was characterized by the highest content
of lutein, while Lajkonik was richest in β-carotene. The agronomic system did not show any significant,
consistent effect on the carotenoid profile of the fruits, but some interactions between the agronomic
system and the cultivation year as well as between the agronomic system and the courgette cultivar
were observed: (a) compared to the conventional cropping system, organic cultivation resulted in
slightly higher lutein concentrations in Lajkonik courgettes, but lower lutein concentrations in Atena
courgettes, at the same time, no production system effect was observed in the Soraya courgettes; (b)
the described differences in the lutein content between courgettes grown in the two cropping systems
were observed only in the 2012 (Atena) and 2013 (Lajkonik) growing seasons (Figure 7). No such
interactions were observed in the case of carotenoid (sum) and zeaxanthin content.

The content of carotenoids in the fruits of plants belonging to Cucurbita pepo is known to differ
significantly depending on the cultivar [29]. Some other studies on green courgettes reported higher
carotenoid content than presented in this study [58]. Carotenoids concentrations found in the studied
courgettes were much lower than those reported by other authors for Cucurbita maxima and Cucurbita
moschata [57,59]. The authors of another available published study pointed that darker green colored
summer squash had higher concentrations of carotenoids [60]. The effects of morphological features of
different cultivars on the carotenoids profiles were also demonstrated in winter squash fruits [57]. The
proportion of β-carotene to lutein in the present study is in line with the results of other authors [29].
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Figure 7. Carotenoids (sum), lutein, zeaxanthin and β-carotene content in organic (ORG) and
conventional (CNV) courgette fruits of Atena, Lajkonik and Soraya cultivars grown in two consecutive
years. Data are presented as means with standard errors. Within each cultivar, bars marked with the
same letters are not significantly different at the 5% level of probability.

The available research focused on the impact of agronomic practices on the carotenoids
concentrations in squashes is limited. However, one of the studies has shown that the concentrations
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of carotenoids in scallop squash are inversely related to the dose of the nitrogen fertilizer used in the
cultivation [21].

3.5. Chlorophyll Content

The courgette fruits analyzed within the study contained, on average, 4.58 ± 0.11 mg/100 g f.w. of
chlorophylls (sum), including 2.98 ± 0.08 mg/100 g f.w. of chlorophyll a and 1.60 ± 0.04 mg/100 g f.w.
of chlorophyll b. The chlorophyll concentrations in the fruits differed between years, cultivars and
agronomic systems (Table 3). Fruits of the cultivars with green skin (especially Lajkonik) were, on
average, richer in chlorophylls than those of the yellow-skin cultivar (Atena), although a significant
interaction between the cultivar and the year was observed: while Lajkonik fruits were equally rich in
chlorophylls (sum) and chlorophyll a in both years, the content of these compounds in the other two
cultivars differed between years—in 2012, Atena was found to be richer in chlorophylls than Soraya,
and in 2013 the opposite relation was observed (Figure 8). When comparing the concentrations of
chlorophylls in the fruit between years (growing seasons), there were no differences in the case of
Lajkonik. Atena contained more chlorophylls in 2012 vs. 2013, while Soraya did in 2013 vs. 2012.
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Figure 8. Chlorophylls (sum), chlorophyll a and chlorophyll b content in organic (ORG) and conventional
(CNV) courgette fruits of Atena, Lajkonik and Soraya cultivars grown in two consecutive years. Data
are presented as means with standard errors. Within each cultivar, bars marked with the same letters
are not significantly different at the 5% level of probability.
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The 3-factor ANOVA detected also a significant agronomic system effect on the concentrations
of chlorophylls (sum) and chlorophyll a in the courgette fruits (Table 3), with organically grown
fruits being significantly richer in these compounds. However, when analyzing results separately
for all cultivars and the two years, this effect was significant only in the case of Soraya cultivar
grown in 2013 (Figure 8). Some studies reported higher concentrations of chlorophylls in summer
squash fruits grown with organic fertilizer compared to the control treatment [61]. At the same time,
higher chlorophyll concentrations were observed in conventional compared to organic courgette
leaves [62]. This can be explained by the fact that the chlorophylls contain nitrogen in their structure,
and thus easily assimilable, soluble mineral nitrogen in the conventional system can result in enhanced
synthesis of chlorophylls [63,64]. Chlorophyll, as a bioactive compound found in green vegetables,
is the most abundant of all natural pigments, and plays an important role in the biosynthetic
processes of chloroplasts in plants [65]. This pigment and its derivatives have been shown to possess
strong antioxidant and anti-mutagenic properties, modulate xenobiotics metabolizing enzymes and
induce apoptosis of cancer cells. The growing scientific interest in the effectiveness of diets rich in
phytochemicals in cancer prevention has increased interest in chlorophyll as a compound with potential
preventive effects. Considering the low toxicity of chlorophylls, and their abundance in plant raw
materials such as leafy vegetables and courgettes, these substances of natural origin may be ideal
candidates in the prevention of diseases caused by oxidative stress, including cancers [65–67].

4. Conclusions

Nowadays, farmers are forced to search for strategies to produce crops of a high quality, providing
optimal yield as well as minimizing the negative impact of agricultural practices on the environment.
Organic agriculture is one of the systems developed to address these principles. Results of this study
show that besides the farming system (organic vs. conventional) many factors influence the fruit yield,
as well as the chemical composition (carotenoids, chlorophylls, nitrates and nitrites) of the courgette
fruits. The growing season, represented by the different weather conditions, appeared to have a
predominant effect on the yield as well as the majority of the analyzed compositional parameters of
the courgette fruits. The studied cultivars also differed significantly in the concentration of lutein,
β-carotene, and chlorophylls, although some significant interactions between the cultivar and the
growing season were observed. On average, organically grown courgettes were characterized by
a significantly higher yield, as well as higher dry matter and chlorophyll content, however, this
agronomic system’s effect was not consistent among all the studied cultivars in the two seasons.
This superfluous study suggests that, in the case of courgette, cultivation organic practices have the
potential to provide high yields of good-quality fruit, comparable to (or, in the case of some parameters,
better than) conventional, resource-intensive horticulture. Considering the limited number of similar
research studies on courgettes, the presented results give some first insight into the characteristics
of courgette fruits grown in extensive horticultural systems, and could therefore be of interest to
growers and consumers. Their importance could be underlined by the fact that organic farming has
been a fast-developing sector in agriculture of European countries in recent decades and organic food
products, including vegetables, are in high and constantly growing demand. Although the courgette
cultivars tested in this study are common on the Polish market, their growing conditions reflect the
typical cultivation of courgettes. Thus, the presented results could be an indication for planters from
other countries on the expected quality characteristics and yield of courgette fruits. Nevertheless,
further studies should be encouraged, with attention paid to other courgette cultivars, and to the
interactions between plant genotype, geographical location and agronomic system/practices, to validate
the presented conclusions.
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and E.H.; Supervision, R.K. and D.Ś.-T.; Visualization, M.B. and E.H.; Writing—original draft, K.K., D.Ś.-T. and
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