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Abstract

Sweet corn (Zea mays var. saccharata) is a widely cultivated crop valued for its sweet
flavor and high nutritional content. Over the past decade, the area devoted to sweet corn
grain production has increased substantially, driven by both its nutritional qualities and
its economic value. In this context, we aimed to evaluate the impact of three genotypes
(Royalty Fq, Hardy F; and Deliciosul de Bacau,) under two fertilization types (chemical and
organic) compared with a control version on yield, biometrical, biochemical, and quality
parameters. This research was carried out between 2022 and 2023 at an experimental station
situated in the North-East region of Romania. The results revealed significant influences of
cultivar, fertilization method, and the interaction between these two experimental factors on
most of the analyzed indicators. Regardless of the fertilization type, the genotype Hardy F;
showed higher levels of photosynthetic activity, polyphenols (2.22 mg/g d.w.) and sucrose
(6.7 g/100 g d.w.), leading to greater yield (13,995 kg/ha) than that of Deliciosul de Bacau
and Royalty F;. Research on fertilization has shown that sweet corn grains under an organic
method have higher levels of lycopene, chlorophyll a, chlorophyll b, total phenolic content
(TPC), and fructose. In contrast, chemical fertilization more effectively supported growth,
photosynthetic activity, yield, and the content of antioxidants and tannins. Regarding the
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1. Introduction

Corn is the most widely cultivated crop worldwide, followed by rice and wheat. In
2024/2025, the global corn production exceeded 1.2 billion tons [1], reflecting its critical
role in food security [2], industrial applications, and biofuel production [3,4]. Sweet corn,
a type of common corn, plays a significant role in the overall market due to increasing
consumer demand for nutritious and convenient vegetables [5,6]. Sweet corn is widely
cultivated globally because of its unique taste and versatility in human diets. It is rich in
compounds with antioxidant effects, such as glutathione and linoleic acid [7]. Field-grown
corn is primarily used for industrial processing, harvested at the milk stage when its sugar
content peaks, resulting in a sweeter taste and softer texture, making it also suitable to
be consumed fresh, in addition to canned or frozen, as a staple food in diets worldwide,
particularly in North and South America, Europe, and, increasingly, some areas in Asia [8].

Sweet corn is particularly appreciated for its substantial carbohydrate content, mainly
consisting of soluble sugars and starch, which supply readily available energy as well
as a sustained energy release following consumption [9-12]. In addition to these energy-
yielding primary metabolites, sweet corn contains significant amounts of dietary fiber,
supporting a healthy microbiome, contributing to overall digestive health [13]. Sweet corn
is an excellent source of vitamin C, an essential nutrient that acts as a powerful antioxidant,
protecting cells from oxidative stress and supporting immune function [14]. It also pro-
vides significant amounts of B-complex vitamins, including thiamine (B1), niacin (B3), and
folate (B9), which are indispensable for energy metabolism, red blood cell formation, and
maintaining neurological health [15,16]. From a mineral perspective, sweet corn supplies
magnesium, potassium, and phosphorus, each of which plays a vital role in cardiovas-
cular health, muscle contraction, and bone health maintenance [17]. Additionally, sweet
corn is recognized for its high content of bioactive compounds, particularly carotenoids
and polyphenols. These compounds exhibit strong antioxidant and anti-inflammatory
properties, making sweet corn a functional food with the potential to reduce the risk of
chronic diseases [18]. Carotenoids, such as lutein and zeaxanthin, are well known for
their oxidative role, particularly in terms of eye health, where they help reduce the risk of
degeneration [19]. Beta-carotene serves as a precursor to vitamin A, which is essential for
maintaining vision, supporting immune function, promoting skin health, and regulating
reproductive processes. Additionally, it acts as an antioxidant, protecting cells from dam-
age caused by free radicals. This protective role may reduce the risk of chronic diseases,
including cancer and cardiovascular conditions [20,21]. The polyphenols present in sweet
corn further contribute to its antioxidant capacity, help neutralize free radicals and reduce
inflammation, a precursor to many chronic conditions, including cardiovascular diseases
and certain types of cancer [22,23].

Although sweet corn nutritional quality is strongly influenced by genotype and agro-
nomic management, including fertilization and irrigation [24,25], differences between
organic and conventional systems may affect both yield and the accumulation of bioac-
tive compounds. Organic production is often associated with higher antioxidant and
secondary metabolite contents due to enhanced natural defense responses and slower,
more sustainable nutrient uptake [26-28], promoting the accumulation of polyphenols
and carotenoid pigments [29-32]. In contrast, conventional agriculture generally supports
higher yields but may negatively affect soil quality and product composition under inten-
sive chemical input use, raising concerns regarding long-term sustainability under climate
change conditions [33-35]. While the effects of organic fertilization on secondary metabo-
lites are well documented, limited information is available regarding genotype-specific
responses and genotype X fertilization interaction effects on sweet corn nutritional quality
and biochemical composition.
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Furthermore, current recommendations from international organizations such as the
OECD (Organization for Economic Co-operation and Development), FAO (Food and Agri-
culture Organization of the United Nations), EEA (European Environment Agency), and
others encourage farmers to select cultivars adapted to the climatic conditions of their grow-
ing areas to better adjust agricultural systems to the challenges posed by climate change.
This approach enhances yield stability, resilience to environmental stress, and resource-use
efficiency. Therefore, it is essential to evaluate both varieties adapted to regional condi-
tions and locally developed varieties whose genetic and physiological characteristics are
intrinsically suited to the agroclimatic conditions of the selected area [36-39].

Sweet corn cultivation has increased significantly across Europe, driven by growing
consumer demand for fresh, high-quality products and the introduction of resilient cultivars
adapted to diverse climatic conditions [40,41]. However, its cultivation requires high levels
of nutrients, as shown by various studies, with chemical fertilization generally being
used [42,43]. In 2019, the European Commission introduced the European Green Deal
(EGD) to promote sustainability, clean energy, and biodiversity. This initiative includes the
Farm to Fork strategy, which aims to reduce pesticide use by 50% and chemical fertilizer use
by 20% [44]. As a result, efforts are currently focused on finding optimal crop fertilization
options that comply with European standards. Thus, the growing popularity of sustainable
farming methods in Romania reflects current global trends, as consumers and farmers
have become increasingly aware of the health and environmental benefits associated with
organic products [45].

Despite the increasing interest in sustainable fertilization systems, limited information
is available on the combined effects of genotype and fertilization strategy on the nutritional
quality and productivity of sweet corn under Eastern European pedoclimatic conditions.
In particular, comparative data regarding locally adapted genotypes under organic and
chemical fertilization are scarce. For example, in Romania, Royalty F; and Hardy F; are
commercial sweet corn hybrids frequently cultivated, whereas Deliciosul de Bacdu is a
locally adapted genotype traditionally grown.

Given the above considerations, to enhance the sustainability of sweet corn production
in Eastern Europe, this study examined the morphology, physiology, and nutritional quality
of three genotypes (Royalty F1, Hardy F1, and Deliciosul de Bacau) adapted to Romanian
climatic conditions.

This research evaluated the effects of genotype and fertilization regime (chemical and
organic fertilizers), individually and in interaction, on key traits associated with sweet corn
development and quality. Additionally, comprehensive statistical analyses were conducted
to identify and establish interdependencies among agro-morphological, physiological,
and quality traits. Consequently, the findings contribute to the optimization of sweet
corn production in both conventional and organic farming systems while highlighting the
influence of cultivation practices on the crop’s nutritional composition.

2. Materials and Methods
2.1. Location and Experimental Conditions

This research was carried out in an open field at the Semtop Farm experimental
station, spanning 8600 m? (47°34/34" N, 27°22'24" E, 152 m elevation), from 2022 to 2023
(Figure 1). The soil of the experimental field was classified as cambic chernozem and
presented adequate characteristics for efficient nutrient absorption and optimal plant
development [46]: pH of 7.10, electrical conductivity (EC) of 497 uS/cm, CaCOj3 content
of 0.64%, organic matter (OM) content of 2.98%, total nitrogen (N) content of 2.95 g/kg,
phosphorus (P) content of 54.28 mg/kg, potassium (K) content of 287 mg/kg, sodium
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(Na) content of 49.23 mg/kg, sulphur (S) content of 17.89 mg/kg, and zinc (Zn) content of

0.28 mg/kg. Soil samples were collected before sowing from the 0-30 cm soil layer.

. BIVOLARI
\ .

Figure 1. Localization of experimental site in Romania.

PIVOLAR

The data presented in Table 1 indicate that during the vegetation period (April-

August), the average temperature ranged from 11.5 °C in April to 33.6 °C in August,

as the means of the two research years; precipitation levels differed between 2022 (220 mm)
and 2023 (280 mm).

Table 1. Climatic conditions in 2022-2023.

Jain Feb Mar Apr May June July Aug  Sept Oct Nov Dec
Climatic Conditions
2022
Min -70 =55 -2 4.0 5.2 14 12.2 18 5 0.2 -14 =76
Temperature (°C) Max 5 16.8 145 182 254 29.2 30.8 33.0 27.0 268 163 107
Average —55 24 2 10.8 124 18.5 222 24.4 20.2 13.7 9 5.5
Precipitation (mm) 21 19 44 67 30 66 42 15 102 44 54 12
2023
Min -5 -3 0 6.0 22 12 11.2 13.7 1.2 6 -5 —46
Temperature (°C) Max 1 14 19 16 18.7 28 35.2 34.1 30.9 26 192 151
Average 0.5 5.1 78 121 134 20.9 23.5 25.1 211 14.7 8 3.1
Precipitation (mm) 29 28 34 47 54 82.8 69.8 14.4 32.2 544 454 13

2.2. Biological Material and Experimental Design

The experimental protocol was based on the factorial combination between three

varieties (Royalty F;, Hardy F; and Deliciosul de Bacau—DBc) and two fertilization types

(organic and conventional), plus an untreated control. The experiment was conducted as a

split-plot design arranged in a randomized complete block design with three replications.
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Each replicate covered an area of 900 m?. Plant spacing within the row was 40 cm, with
70 cm between rows, resulting in a planting density of 35,700 plants/ha.

The sweet corn varieties used in this study were selected not only for their adapta-
tion to local climate conditions but also for their variability in biochemical composition
and different reactions to agricultural practices. Owing to the climatic conditions in the
experimental years, two irrigations were applied by sprinkling with a total volume of
250 m3/ha.

The experiment investigated fertilization as a main factor with three levels: (i) control
(no fertilizer application), (ii) organic fertilization, and (iii) chemical fertilization. The
control treatment did not receive any organic or chemical fertilizers during the growing
season, serving as a baseline to assess genotype responses to different fertilization methods.
The doses of fertilizers were calculated by taking into account the following: the chemical
composition of each formulate; that 60% of nitrogen (N), phosphorus pentoxide (P,Os), and
potassium oxide (K,O) contents of the organic fertilizer is available for plant assimilation
in the year of application; and that 15% of nitrogen leaching is expected upon the chemical
fertilizer supply, as the rate of nutrient release is much lower compared to simple nitrate
fertilizers [13,47]. All fertilizer doses are expressed in kg/ha or L/ha, while nutrient concen-
trations are reported as % w/w or mg/L, according to the manufacturers’ specifications.

In the case of organic fertilization, products such as Naturcomplet G (400 kg/ha,
produced by Daymsa, Zaragoza, Spain), and Pleniflor (3 L/ha, with 9% boron, 1% molybde-
num and algae extract—Ascophyllum nodosum produced by Daymsa, Zaragoza, Spain) were
supplied for stimulating soil health and accumulating essential nutrients naturally [48,49].
Naturcomplet G is a certified organic soil improver containing 1.5% N, 5% KO, 35% or-
ganic matter (OM), 30% humic acids, and 5% fulvic acids. Iron content (Fe) is 1%, the
carbon-to-nitrogen (C/N) ratio is 20.3, and the electrical conductivity (EC) is 2.5 dS/m.
Approximately one month before crop establishment, 1000 kg/ha of chicken manure (4%
organic N, 4% P, 4% water-soluble K, 72% OM) was applied to the plots designated for
organic fertilization as a basal fertilizer. In particular, the organic fertilizer was supplied
before sowing to allow for the onset of the nitrification process, thus preventing the initial
ammonium accumulation that may cause toxicity and enhancing the total nitrate amount
released to plants over the entire crop cycle [47]. During the growing season, two additional
root fertilizations were performed using granulated chicken manure at a rate of 400 kg/ha
per application: the first application at 8-10 leaves (BBCH 19) and the second at stem
elongation (BBCH 71).

The chemical fertilization consisted of NPK (200 kg/ha: 16% N, 16% P,0Os5, 16%
K,O produced by Azomures SA, Targu Mures, Romania) during soil preparation and
supplemented with KSC I (100 kg/ha: 14% N, 40% P»0s, 5% K70, produced by Timac
Agro, Orcoyen, Navarra, Spain) in two rounds at the BBCH 19 and BBCH 71 stages, during
the vegetation period on the ground. Cropmax (2 L/ha, with 0.2% N, 0.4% P, 0.02% K,
220 mg/L Fe, 550 mg/L Mg, 70 mg/L B, 49 mg/L Zn, 54 mg/L Mn, 35 mg/L Cu, 10 mg/L
Ca, 10 mg/L Mo, 10 mg/L Co, 10 mg/L Ni and amino acids, vitamins, and plant hormones
like auxin, cytokinin, and gibberellin, produced by Holland Farming B.V., Groenekan, The
Netherlands) was applied foliar and provides a quick supply of nitrogen, phosphorus, and
potassium, essential for rapid plant growth [50,51].

2.3. Chlorophyll Content in Leaves

The chlorophyll content was determined at the BBCH 73 growth stage. Measurements
were performed on the basal leaf located immediately below the first ear. Chlorophyll read-
ings were taken using the portable CCM 200plus device (Opti-Sciences, ADC BioScientific
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Ltd., Birmingham, UK) in the middle portion of the leaf blade, avoiding the main vein. The
readings are expressed as a chlorophyll content index (CCI, unitless).

2.4. Harvesting and Sample Preparation

Sweet corn samples were harvested at commercial maturity, stage 73-75 according
to the BBCH scale, thus ensuring the consistency of the data obtained [52]. After harvest-
ing, the samples were lyophilized via an ECO EVO freeze-dryer (Tred Technology S.R.L.,
Ripalimosani, Italy), which preserved the bioactive compounds and prevented their degra-
dation. Then, each freeze-dried sample was ground and stored at —80 °C until subsequent
biochemical analyses were performed [53].

2.5. Analytical Methods

The antioxidant activity was evaluated via two methods, the ABTS test and the DPPH
test, according to the methods of Ordéfiez-Diaz et al. [53]. ABTS measures the antioxidant
capacity by reducing free radicals, and the values are expressed in Trolox equivalents (TE).
In the DPPH test, the capacity of the samples to neutralize free radicals was similarly
expressed in umol TE per g dry weight (dw) [54].

The total polyphenol content was determined via the Folin-Ciocalteu reagent accord-
ing to the methods described by Slinkard and Singleton [55]. This measurement allowed for
the quantification of polyols by spectrophotometric absorption at 765 nm, with the result
being expressed in mg Gallic acid equivalents (GAE) per g dry weight (dw) [54].

2.6. Chlorophyll and Carotenoid Pigments in Kernels

Chlorophyll and carotenoid pigments were determined from dry biomass using spec-
trophotometric methods as described by Nagata and Yamashita [56]. The contents of
chlorophyll a, chlorophyll b, lycopene, and (3-carotene were determined by measuring the
absorbance at wavelengths specific to each pigment. The results were expressed in mg per
100 g dry weight (dw).

2.7. Sugar Analysis in Kernels

Sweet corn samples were extracted following the method described by Moreno-
Ortega et al. [54]. A total of 0.5 g of the sample was mixed with 1 mL of a 20:80 (v/v)
ethanol/deionized water solution and homogenized for 2 min, followed by sonication
and centrifugation. The process was repeated twice using the residue. The supernatants
were then frozen at —80 °C until analysis. The identification and quantification of glucose,
fructose, and sucrose in the sweet corn samples were performed using an HPLC-RID
system (PerkinElmer, Waltham, MA, USA) equipped with a 250 x 4.6 mm i.d. Luna 5 pm
NH,; column (Phenomenex, Torrance, CA, USA). Sugars were identified by comparing their
retention times with those of pure reference standards, and quantification was achieved via
calibration curves for fructose (0.3-50.0 mg/mL), glucose, and sucrose (0.3-10.0 mg/mL).

2.8. Statistical Analysis

The data obtained were statistically analyzed via one-way ANOVA, upon checking
their normality and the homogeneity of variance by the Shapiro-Wilk and Levene’s test,
respectively, and mean separation was performed using Duncan’s test at p < 0.05, using the
SPSS v26 software package (IBM Corp, Armonk, NY, USA). The data presented represent
the mean values of the two experimental years.

To gain a comprehensive understanding of the quality dynamics of sweet corn cul-
tivars under the different fertilizers, Principal Component Analysis (PCA) and Pearson’s
correlation analysis were applied using the free trial of OriginPro 2024b (OriginLab Cor-
poration, Northampton, MA, USA). These methods enable an in-depth examination of
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patterns and relationships within the data from multiple perspectives and provide a robust
framework for analyzing and interpreting the complex interactions in sweet corn quality
under varied fertilization systems [57].

3. Results and Discussion

3.1. Influence of Cultivar and Fertilization Regime on Yield and Quality Characteristics
3.1.1. Influence of Cultivar and Fertilization Regime on Morphological, Physiological
Parameters and Yield Parameters

The main effects of variety and fertilization regime on yield, biometrical, biochemical
and quality parameters of sweet corn are presented in Table 2. The data revealed no
significant effect of cultivar on the chlorophyll content index, number of stalks, or number
of ears per plant. These findings suggest that the F1 hybrids developed in the USA adapt
well to Romanian production conditions, regardless of the year of cultivation. However,
plant height and ear insertion on the plant significantly differed between cultivars, with a
positive correlation between these two factors. The tallest plants and the greatest number
of ear insertions were observed in the local cultivar DBc. Concerning ear weight, the hybrid
cultivars, especially the Hardy F1 cultivar, demonstrated superior performance, with an
increase of 24.4% compared with DBc. Similarly, for the number of kernel rows per ear,
Hardy F1 also outperformed the other methods, with statistically significant differences
noted at p < 0.05.

Table 2. Effects of sweet corn variety and fertilization type on morphological and physiological

parameters.
Chlorophyll  Plant Height  Ears Insertion No. of No. of Ears . No. of Kernel
Factors Index (CCI) (cm) (cm) Stalks per Plant Ears Weight (8)  Rows per Ear
Variety
Royalty F1 314+ 1.0 2202+72a 794+85a 1.8+£02 1.6+02 2117 £85ab 143 +03Db
Hardy F1 349 £1.0 189.6 £9.6b 577 +27D 15+01 1.8+£02 2392 +124a 169 £ 04 a
DBc 33.9+20 2275+73a 91.0+£32a 15+01 15+01 1923 +19b 133 £02b
Signification * * * *
for p < 0.05 ns ns ns
Fertilizer

Chemical 362+08a 207.8+10.8  73.0+4.1 1 7 +£01 19+£01 2269 £5.9 159 £03a
Organic 329+04ab 2054+£109 752+44 4+03 16=£02 2053 £3.9 144+02b
Control 31.1+17b 2241425 79.8 £5.5 1 6+03 14+01 2109 £ 155 142+ 04b
Signification *
for p < 0.05 ns ns ns ns ns

Within each column: ns—non-significant; *—significant differences; values associated with the same lower-case
letters are not significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau.

The morphological indicators examined, such as plant height, ear insertion, number of
stalks, and ear weight, showed no significant differences between the fertilization treatments.

The highest chlorophyll content index in leaves was recorded under chemical fer-
tilization, followed by organic nutrition, with an increase of 16.4% compared with that
of the unfertilized control. Additionally, the lowest average number of kernel rows was
observed in the control group, with an 11.9% difference compared with the chemically
fertilized treatment.

The results regarding the influence of sweet corn variety and fertilization regime on
production parameters are presented in Table 3. Cultivar did not significantly affect rachis
weight, dry matter, or humidity, regardless of genotype or cultivation year. Data of ear
length indicate better stability for hybrid cultivars, greater kernel weight, and significantly
increased production. For example, the difference in kernel weight ranged from 95.9 g to
146.6 g, representing an increase by 52.9% of the highest value compared to the lowest.
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The yield values varied widely, from 7628 kg/ha for DBc to 13,995 kg/ha for Hardy F1
(+82.2%).

Table 3. Effects of sweet corn variety and fertilization type on yield parameters.

Treatment Ears Length (cm) Rahis Weight (g)  Kernels Weight (g) Dry Matter (%) Yield per ha (kg)
Royalty F1 20.96 +0.23 a 90.05 + 3.39 121.65 £5.15b 25.77 £ 1.44 10,828 £ 731 Db
Hardy F1 216 £041a 92.66 + 4.20 146.56 £ 840 a 23.85+1.33 13,995 + 527 a
DBc 19.78 £ 0.03b 96.45 +1.71 95.87 =347 ¢ 21.89 £1.22 7682 4= 593 c
S<i%n(i)fsication forp « ns * ns *

Chemical 21.09 £0.31 92.81 £+ 3.00 134.15 £ 2.89 25.14 +1.40 13,717 £ 961 a
Organic 20.86 &= 0.08 92.88 = 4.97 112.44 £+ 4.23 22.14 +1.23 10,083 £ 667 b
Control 20.40 = 0.20 93.46 & 6.42 117.48 £9.75 2423 +1.35 8705 £95b
Signification forp ns ns ns *

<0.05

Within each column: ns—non-significant; *—significant differences; values associated with the same lower-case
letters are not significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau.

These results emphasize the good performance of Hardy F1, which demonstrated
significantly lower production costs and higher efficiency due to its biological value. Fur-
thermore, this study confirms that morphological parameters, including rachis weight,
kernel weight, ear length, and yield capacity, are primarily determined by the plant geno-
type. These characteristics are inherited through the genetic makeup of the cultivar and
are less influenced by external factors such as environmental conditions or cultivation
practices. Similar findings have been reported in studies conducted by Islam et al. [58],
Mabhato et al. [59], Subaedah et al. [60], and Niji et al. [61].

With respect to the effects of fertilization on production indicators, no statistically
significant differences were observed for most indicators, except for yield, which was
increased by 57.6% by the chemical fertilization compared to the untreated control, with
statistically significant differences also between chemical and organic fertilization.

Multiple studies have highlighted the evident positive effects of chemical fertilization
on the morphological parameters of sweet corn compared to organic and biological fer-
tilization. For instance, Laskari et al. [42] reported that chemical fertilization stimulated
plant height, leaf area index, leaf greenness index (SPAD) and silage yield more in the
Pioneer 1291 and Dekalb 6777 maize hybrids compared to the cattle manure. Similarly,
chemical fertilization led to greater improvements in plant height, number of leaves per
plant, leaf area, stem diameter, plant biomass, and chlorophyll content index in Zea mays var.
saccharata L. compared to poultry manure [62]. According to Jiang et al. [63], the notable
positive effect of chemical fertilization on the biometrical and physiological parameters of
sweet corn, compared to organic fertilization, is primarily due to the immediate availability
of nitrogen, phosphorus and potassium in chemical fertilizers. The organic fertilizers must
first be transformed and decomposed before they can be absorbed by plants. Therefore, as
nitrogen, phosphorus and potassium are essential for the healthy growth and development
of plants, their availability in relation to the plant’s immediate needs is a crucial factor
for maintaining the optimal growth, productivity, and overall plant status. Nitrogen is
particularly effective in promoting cell elongation and division, leading to taller plants and
stronger stems, while also playing a direct role in chlorophyll synthesis, which is vital for
photosynthesis and biomass production [64]. Phosphorus is essential for enhancing root
growth and branching, improving plant anchorage and nutrient uptake. A phosphorus
deficiency can hinder the absorption of critical nutrients like nitrogen, potassium, and
calcium, leading to shorter, thicker stems instead of elongated ones [63]. Additionally, phos-
phorus and potassium are crucial for energy transfer and the movement of carbohydrates
during the grain-filling process [65].
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3.1.2. Influence of Cultivar and Fertilization Regime on Quality Characteristics

The effects of the sweet corn cultivar and fertilization regime on the antioxidant
capacity, TPC, chlorophyll and carotenoid pigments, and tannins are shown in Table 4.
Data on the influence of cultivar on antioxidant capacity and chlorophyll and carotenoid
pigments highlight differences between the three varieties used. The data indicate the
absence of p-carotene and statistically insignificant differences in antioxidant capacity
between the varieties, regardless of the method used.

Table 4. Effects of sweet corn variety and fertilization type on antioxidant compounds, chlorophyll

and carotenoid pigments, and tannins.

TPC ABTS DPPH Chlorophyll  Chlorophyll Lycopene Tannins
Factors (uM TE/g (uM TE/g a(mg/100 g b (mg/100 g (mg/100 g (mg CE/100 g
(mg/g dw) dw) dw) o) dw) dw) dw)

Royalty FI 178 +0.13b 170 +£007 134+032 415+013a 634+115a 214+060a 0.11+001b
Hardy F1 222+030a 180+007 134+031 217+013b 326+036b 098+017b 017 +001a
DBc 205+022ab 171+009 143+016 398+006a 641+050a 208+027a 013 +0.03ab
Signification ns ns " " % %
for p < 0.05
Chemical 1.99 + 0.71 188+0.10a 152+022a ifo £072 534 116ab ;b7 0£040 (1640032
Organic 212 + 035 168+022b 144+012a 421+117a 64+168a 216+063a 015+006a
Control 1.94 + 0.63 165+014b 116+028b 270+022b 43+040b  135+015b 0.10+003b
Signification ns . " " % * *
forp <0.05

Within each column: ns—non-significant; *—significant differences; values associated with the same lower-case
letters are not significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau.

The highest content of TPC was recorded in Hardy F1, with a 24.7% difference com-
pared with that in Royalty F1.

Concerning chlorophyll pigments, a higher content of chlorophyll b than a was ob-
served in all varieties, by up to 60%. For the two pigments, a higher content was noted
in DBc, attributed to its better adaptation to environmental conditions as a local cultivar.
Lycopene content fluctuated depending on the variety, with higher levels recorded in the
Royalty F1 and DBc groups, by up to 118%. Tannin content also differed between varieties,
with the highest levels found in Hardy F1 compared with the other two genotypes.

The {3-carotene content was under the detectable threshold corresponding to the fertil-
ization treatments and no significant effect was observed on the TPC either. Antioxidant
activity, as determined by both methods, was greater in the fertilized samples than in
the control samples, like the chlorophyll pigment content in the kernels. The lycopene
content varied widely, ranging from 1.35 mg/100 g d.w. in the unfertilized control to
2.16 mg/100 g d.w. in the organically fertilized (+60%). Additionally, the tannin content
was up to 67% greater in both fertilized treatments compared to the control.

The obtained concentration of 3-carotene below the detection limit was also found
by Pacurar et al. [66] in Estival and Deliciul Verii sweet corn hybrids. In contrast, hybrids
like Prima, Jubilee, and Delicios showed detectable 3-carotene levels ranging from 0.21
to 1.00 ug/100 g. Song et al. [67] investigated the carotenoid composition of two sweet
corn varieties, “Jingtian 3” and “Jingtian 5”, revealing that the predominant carotenoids
were represented by lutein (ranging from 4.70 to 9.80 ug/g d.w.), zeaxanthin (0.83 to
10.86 ng/g d.w.), and all-trans-x-cryptoxanthin (1.8 to 6.4 ug/g d.w.). In comparison, 3-
carotene, expressed as all-trans-(3-carotene, was found in lower concentrations, ranging
from 0.12 ng/g d.w. to 0.71 ug/g d.w., which highlights that genetics plays a significant
role in determining the nutritional profile of crops.

Although [-carotene was below the detection limit in the kernels of the analyzed
sweet corn varieties, lycopene, which is a lipophilic carotenoid compound, was detected
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in relatively high concentrations, if compared with the levels found in lycopene-rich food
such as tomato, guavas, bell peppers, grapefruit, and apricots [32,33,68]. For instance, Rusu
et al. [33] reported contents of 9.0 and 10.2 mg/100 g d.w. of lycopene in Cristal and Siriana
tomato cultivars, while Pavlovi¢ et al. [69] reported a content between 4.2 and 6.1 mg/100 g
in dried tomato samples.

The obtained concentrations of TPC in the tested sweet corn varieties are consistent
with previous findings. Ledencan et al. [70] reported values ranging from 1.59 mg GAE/g
d.w. t02.86 mg GAE/g d.w. in five sul sweet corn hybrids, while Cai et al. [71] recorded lev-
els between 0.91 mg GAE/g d.w. and 1.58 mg GAE/g d.w. in corn grains from 23 cultivars.
Zhang et al. [72] noted that the TPC content in fresh kernels of eight sweet corn varieties
ranged from 38.01 mg GAE/100 g to 57.04 mg GAE/100 g, emphasizing the lower phenolic
content in fresh biomass. Further supporting this, Das et al. [73] demonstrated that TPC
levels in fresh biomass are not only lower but also influenced by the fertilization regime.
Their study reported phenolic levels of 55.1 mg/100 g under vermicompost treatment,
compared to 51.4 mg/100 g with chemical fertilization and 40.6 mg/100 g in the absence
of fertilization. Furthermore, the study conducted by Hu et al. [74] revealed that phenolic
content is higher in mature sweet corn stalks compared to those harvested at an earlier
stage. For example, the YT16 sweet corn hybrid exhibited a phenolic content of 74.7 mg
GAE/100 g FW when harvested 10 days after pollination, which increased to 124.7 mg
GAE/100 g FW when harvested 30 days after pollination.

The ABTS and DPPH values detected in the sweet corn varieties are consistent with
the findings of Cai et al. [71] and Bae et al. [75], who also reported that ABTS values were
higher than those of DPPH, aligning with the trend observed in this analysis. Furthermore,
similar to our findings, Dragicevi¢ et al. [76] reported a higher DPPH radical scaveng-
ing activity in maize genotypes under chemical fertilization compared to organic and
unfertilized regimes.

The content of tannins determined in the tested sweet corn varieties, compared to
those reported by Feregrino-Pérez et al. [77] in Mexican native maize (1.16—4.99 mg/100 g)
and by Elemosho et al. [78] in Striga-resistant yellow-orange maize hybrids (2.1-7.3%), is
significantly lower. This lower tannin content makes the tested sweet corn varieties more
enjoyable and versatile for both culinary and feed applications.

The effects of sweet corn cultivar and fertilization regime on sugar compounds are
shown in Figures 2 and 3. The data concerning the influence of the cultivar on the sugars
content and quality highlight differences between the three varieties used. The fructose
content increased from 7.00 g/100 g d.w. in the Hardy F1 cultivar to 10.00 g/100 g d.w.
in Royalty F1, which have the same genetic origin. This finding highlights the genetic
characteristics of the fructose content of Royalty F1 compared with those of Hardy F1.

Small differences were recorded between the treatments referring to the glucose
content, with the highest values for cultivar Royalty F1, whereas the latter and DBc hybrids
showed up to 97% higher values of sucrose content than Hardy F1.

Considering the results obtained in this study, along with those reported by Ledencan
et al. [70], it can be concluded that the sugar content in sweet corn is influenced by genetics
of the sweet corn variety. Furthermore, Ledencan et al. [70] highlighted that the harvest
date plays a significant role in determining sugar content. In corn harvested 17 days after
pollination, the sugar content in the five sul sweet corn hybrids tested ranged from 16.5 to
21.3mg/g d.w. in 2018 and from 18.8 to 28.7 mg/g d.w. in 2019. In contrast, corn harvested
25 days after pollination had a sugar content ranging from 7.5 to 15.5 mg/g in 2018 and
from 9.4 to 11.5 mg/g in 2019.
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Figure 2. Effect of sweet corn variety on sugar compounds. Values are means + standard error (SE).

Values associated with the same lower-case letters are not significantly different at p < 0.05 according

to Duncan’s test.

10.00 ns
l_l_1

3 800 I
]
2 6.00 : 2
S L b
=]
e 4.00 1
2
5 a b b
S 200 |

000 I

Fructose Glucose Sucrose

m Chemical ® Organic Control

Figure 3. Effect of fertilization type on sugar compounds. Values are means =+ standard error (SE).
Values associated with the same lower-case letters are not significantly different at p < 0.05 according
to Duncan’s tests; ns—not significant difference between means.

Both fructose and sucrose were positively influenced by organic fertilization (Figure 3),
whereas the chemical treatment resulted in higher overall glucose and sucrose contents
than the unfertilized control.

Das et al. [73] reported a total sugar content of 13.5% in the sweet corn control sample,
closely aligning with the 13.1% recorded in our study. However, unlike our findings,
i.e., 14.6% under chemical fertilization and 14.9% under organic fertilization, they detected
the highest sugar content under chemical fertilization (19.56%), followed by a combination
of 50% vermicompost and 50% Soligro (Ascophyllum nodosum) granular (19.33%), and
vermicompost alone (15.13%). Ragheb [79] reported that the highest sugar content in sweet
corn was observed under fertilization with chicken manure (10.29-10.85%), followed by
cattle manure (8.80-9.05%) and mineral fertilizer (7.30-7.80%).

3.2. Interactions Between Variety and Fertilization Regime on Yield, Biometrical, Biochemical and
Quality of Sweet Corn
3.2.1. Interactions Between Variety and Fertilization Regime on Morphological,
Physiological Parameters and Yield Parameters

The results of the interaction of sweet corn variety and fertilizer on biometrical and
physiological parameters are presented in Table 5. In this respect, no significant differences
were found regarding the number of stems per plant. The chlorophyll index values ranged
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from 30.3 in the unfertilized cultivar RoyaltyF1 to 39.9 under the chemically fertilized Hardy
F1 hybrid, which is positively correlated with the number of ears per plant, ear weight
and number of kernel rows per ear, and led to greater yield; no significant differences
were recorded upon the organic fertilization. Plant height varied between 176.5 cm for
organically fertilized Hardy F1 and 238.4 cm (+35.1%) for unfertilized Royalty. Rather high
values of plant height were found in the unfertilized control, regardless of the cultivar,
which indicates a stimulation of cell elongation to the detriment of reproduction in sweet
corn plants, as confirmed by the negative correlation with the yield indicators. Ear insertion
on the plant is an important characteristic, especially for harvesting, because it greatly
facilitates the technological process. The lowest ear insertion was found in the cultivar
Hardy regardless of fertilization, which highlights the genetic influence, with values vary-
ing between 51.6 cm and 64.9 cm, whereas the highest values, up to 96.2 cm, were recorded
in the organically fertilized DBc.

Table 5. Effects of sweet corn variety and fertilization type interactions on morphological and
physiological parameters.

Leaf

Plant Height Ears Inserts No. of No. of Ears per Ears Weight No. of Kernel
Treatment ?$é2§0(r'cfg’}; (cm) (cm) Stalks Plant (g) Rows per Ear
RF1 x Chemical  32.8 £3.2ab 209.3 & 14.1 abc 69.1 +134bcd 19402 1.7 +£0.2 ab 263.7 209 a 177 £03a
RF1 x Organic 312+ 1.34ab 212.9 4 19.3 abc 77.9 £ 4.4 abc 1.7+04 1.5+ 0.3ab 200.2 £ 8.1 bc 13.0£0.6b
RF1 x Control 3033 £3.0b 2384+ 54a 91.0£9.0a 1.9+0.2 1.6 0.2 ab 17124+ 182 ¢ 121 £05b
HF1 x Chemical 39.9+32a 183.7 £ 11.1 bc 56.5 4 3.7 cd 1.6 +£0.1 214+03a 239.6 £9.5ab 170+ 03a
HF1 x Organic 323+ 2.7ab 1765+ 7.7 c 51.6+45d 1.3+£0.2 19+ 0.1ab 2148 £185bc 164 +0.8a
HF1 x Control 324+ 25ab 208.5 4 10.6 abc 64.9 + 1.1 bed 1.5+£0.2 13+01b 2632+ 185a 1754+ 09a
DBc x Chemical  36.0 £3.9ab 230.6 + 8.1 ab 934 +51a 1.6 £0.3 1.8 +0.1ab 1775+ 63 ¢ 129 £0.6b
DBc x Organic 351+12ab 226.7 £ 26.3 ab 962 +47a 1.3+0.2 1.5+0.2ab 201.1 £4.5bc 139+ 0.7b
DBc x Control 306+19b 2253 +15.1 ab 834+ 71ab 1.5+04 13+03b 1983 +£139bc 131+£0.6Db
Signification for . . * * * *
ns
p < 0.05
Within each column: ns—non-significant; *—significant differences; values associated with the same lower-case
letters are not significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau; HF1—Hardy
F1; RF1—Royalty F1.

The lowest number of ears per plant (1.3) was generally recorded in Hardy and DBc
without fertilization, whereas the highest (2.1, +61.5%) was observed in Hardy under
chemical fertilization. Ear weight varied significantly depending on the cultivar and the
fertilization regime. The average mean ear weight ranged from 171.2 g in the unfertilized
control to 263.7 g (+54%) under fertilization in the hybrid Royalty. In the Hardy hybrid,
significantly higher values were recorded in the unfertilized control, with a negative
correlation with the number of ears per plant. The number of kernel rows per ear was
significantly influenced by the two experimental factors, with differences up to 46.3%. The
interaction between sweet corn variety and fertilization regime was significant on all yield
parameters (Table 6).

Table 6. Effects of the interaction of sweet corn variety and fertilization type on yield parameters.
Treatment Ears Length (cm) Rahis Weight (g) Kernels Weight (g) Yield per ha (kg) Dry Matter (%)
Royalty F1 x Chemical 2210+ 0.69 a 102.58 + 4.88 ab 161.16 = 16.39 a 15,064 + 692 ab 30.24 £1.69 a
Royalty F1 x Organic 20.61 £ 0.41 abcd 89.16 £ 3.33 abc 110.98 £ 5.97 be 9345 + 1953 cd 2492 £1.39b

Royalty F1 x Control
Hardy F1 x Chemical
Hardy F1 x Organic
Hardy F1 x Control
DBc x Chemical

DBc x Organic

DBc x Control
Signification for p < 0.05

20.16 £ 0.62 bed
22.08 £ 0.41a
21.55+0.54 ab
21.19 £ 0.44 abc
19.08 £ 0.36d
20.41 £ 0.41 bed
19.87 £ 0.35 c¢d

7840 £11.12 ¢
86.38 + 5.39 abc
85.19 4 4.09 be
106.40 + 6.66 a
89.48 + 1.60 abc
104.31 £ 9.06 ab
95.57 4+ 2.50 abc

9281 +717 ¢
15322 £5.71a
129.59 £+ 16.36 ab
156.87 £12.24 a
88.07 £5.96 ¢
96.76 £ 5.80 bc
102.77 4+ 11.99 be
*

8073 + 395 d
17,510 £ 2767 a
13,288 = 977 be
11,187 + 824 bed
8576 + 444 d
7616 +1055d
6853 +705.7d

22.16 £1.23 bc
2216 £ 1.24 bc
19.36 £ 1.08 ¢
30.03 £ 1.67a
23.03 £ 1.28 be
2214 £1.23 bc
20.49 £ 1.14 bc
*

Within each column: *—significant differences; values associated with the same lower-case letters are not
significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau.
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The ear length varied between 19.1 cm for the cultivar DBc and 22.1 cm for Royalty
under the chemical fertilization (+15.83%).

The rachis weight ranged from 78.4 g for the hybrid Royalty F1 to 106.4 g for Hardy
F1 in the unfertilized plants. The weight of grains per ear is essential for productivity, as it
significantly influences the final production, especially since these varieties are intended for
fresh grain consumption at the milk-wax stage. The kernel weight ranged from 88.1 g per
ear for the variety DBc to 161.2 g per ear for Royalty under chemical fertilization (+83%).
Both parameters mentioned are primarily influenced by the genetic factor.

The yield varied greatly, from 6853 kg/ha for the unfertilized DBc to 17,510 kg/ha
for the chemically fertilized Hardy F1 (+255%). The interaction between variety and fertil-
ization regime was also significant on yield, with the hybrid Royalty showing differences
by 86.6% between chemical fertilization and the control and 61.2% between chemical and
organic fertilization.

The dry matter content of sweet corn kernels varied significantly, from 19.4% in the
organically fertilized Hardy F1 to 30.2% in chemically fertilized RUE. Interestingly, the
unfertilized Hardy F1 also reached a high dry matter content of 30.0%. Notably, in Royalty
and DBc, chemical fertilization elicited a higher dry matter content than the organic one,
which is not common with most species.

3.2.2. Interactions Between Variety and Fertilization Regime on Quality Characteristics

The interaction between sweet corn variety and fertilization regime was significant on
the antioxidant activity and pigment content (Table 7). In this respect, the total content of
polyphenolic compounds varied from 1.37 mg/g in the unfertilized control to 2.88 mg/g in
the chemically fertilized hybrid Hardy F1. Significant differences in the TPC were observed
between all the cultivars, depending on the type of fertilization applied.

Table 7. Effects of the interaction of variety and fertilization type on the contents of antioxidant
compounds, chlorophyll and carotenoid pigments and tannins.

TPC Tannins
ABTS DPPH Chlorophyll a Chlorophyll b Lycopene

Treatment (mg fw‘?E/ & (uM TE/g dw)  (uM TE/ g dw) (mg/lO(l)) g}(’lw) (mg/lO(I)) gydw) (mg}/llo(]; g dw) (mg g&,/)l g
RF1 x Chemical 1.50 +£0.23 e 1.89 £0.10a 1.67 £ 0.13 a 155+021g 253 £036¢g 0.77 £ 0.11 ef 0.15 + 0.01 cd
RF1 x Organic 214+ 0.01cd 1.69 £ 0.15 abc 1.36 £+ 0.20 ab 7.64 + 0.30 a 1119+ 0.22 a 3.96 +0.17 a 0.12 + 0.01 def
RF1 x Control 1.72 £ 0.04 de 1.54 4 0.003 be 1.01 £0.13 ¢ 3.27 £0.12d 529 +0.19d 1.69 £ 0.06 cd 0.07£0.01g
HF1 x Chemical 288 +0.12a 1.83 £ 0.17 ab 1.62 +0.22 ab 3.18 +£0.32d 461 +047e 1454+ 0.27d 0.19+0.01b
HF1 x Organic 2.41 + 0.50 be 191 £0.09 a 1.43 £+ 0.04 ab 125+0.07 g 200£012¢g 0.56 + 0.05 f 0.22+0.01a
HF1 x Control 1.37 £0.02e 1.66 £+ 0.17 abc 0.98 + 0.07 ¢ 2.08 £0.04 f 3.16 £0.24 f 093 +0.17 e 0.09 £ 0.00 fg

DBc x Chemical 158 £ 0.14 e 193 +£0.03a 1.28 £+ 0.03 bc 5.46 £ 0.01b 8.73 £0.03b 2.87 £0.00b 0.15+0.03 ¢
DBc x Organic 1.83 £ 0.09 de 1.45 4+ 0.08 ¢ 1.54 £+ 0.05 ab 3.73 £0.06 ¢ 6.04 +0.10 ¢ 1.95 4+ 0.03 ¢ 0.11 £ 0.01 ef
DBc x Control  274E0002 17554 017abc  1484£021ab  274+00le  445+00le  143+000d 013001 cde

Signification for
p <0.05

*

*

*

*

*

*

*

Within each column: *—significant differences; values associated with the same lower-case letters are not
significantly different at p < 0.05 according to Duncan’s test. DBc—Deliciosul de Bacau; HF1—Hardy F1;
RF1—Royalty F1.

Antioxidant activity was measured using two methods, ABTS and DPPH. In the case
of ABTS, no significant interactions were recorded, with the values varying from 1.45 uM
TE/g dw in the organically fertilized to 1.93 pM TE/g dw in the chemically fertilized DBc
(+33.1%); higher average values were recorded for both chemically fertilized hybrids. The
antioxidant capacity determined by DPPH ranged from 0.98 uM TE/g dw for unfertilized
Hardy F1 to 1.67 uM TE/g dw for chemically fertilized Royalty F1.

Chlorophyll a varied from 1.3 mg/100 g d.w. for the hybrid Hardy F1 to 7.6 mg/100 g
d.w. for Royalty under organic fertilization, whereas the highest value for DBc was recorded
in the two years with chemical fertilization (5.5 mg/100 g d.w.).
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The lowest value of chlorophyll b (2.0 mg/100 g d.w.) was recorded for Hardy F1 and
the highest for Royalty under organic fertilization, whereas DBc showed the highest values
with chemical fertilization (8.7 mg/100 g d.w.).

The effects of the interactions between the two experimental factors resulted in the
variation in lycopene from 0.56 mg/100 g d.w. in Hardy F1 to 3.96 mg/100 g dw in Royalty
with organic fertilization, with significant differences compared to the other treatments.

The tannin content increased from 0.075 mg CE/100 g d.w. in the unfertilized Royalty
cultivar to 0.225 mg CE/100 g d.w. in the organically fertilized Hardy.

The effects of the interaction between sweet corn variety and fertilization regime on
sugar contents are shown in Figure 4. The latter parameter varied from 11.7% in the case
of the unfertilized cultivar Hardy F1 to 16.3% (+39.1%) for the same organically fertilized
variety. In hybrid Royalty, organic fertilization resulted in an increase in the total sugar
content by up to 15.5%, compared with that of the unfertilized variety. In the local variety
DBc, no significant differences were found compared with the other two variants. In terms
of sugar quality, the highest values were found for fructose, ranging from 6.20 g/100 g d.w.
for the unfertilized Hardy F1 to 10.4 g/100 g d.w. for the organically fertilized Hardy F1.
Large differences in sucrose were found between the experimental treatments, varying
between 3.20 g/100 g d.w. in the unfertilized DBc and 7.9 g/100 g d.w. in the organically
fertilized Hardy F1; no significant differences were detected between Royalty and DBc,
regardless of fertilization.
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Figure 4. Effect of sweet corn variety and fertilization type on sugar compounds. Values are means
=+ standard error (SE). Ch—chemical, O—organic; Ct—control. Values associated with the same
lower-case letters are not significantly different at p < 0.05 according to Duncan’s test.

Among sugars, glucose presented the lowest values, varying between 0.73 g/100 g
d.w. in the unfertilized hybrid Hardy F1 and 1.51 g/100 g d.w. in the same chemically
fertilized hybrid; in the case of the Royalty hybrid, the chemical fertilization resulted in
higher values of glucose content. We can state that organic fertilization favored fructose,
whereas chemical fertilization resulted in a higher content of glucose content. No significant
effects of fertilization were recorded on sucrose, regardless of the cultivar.

The data obtained showed that DBc and Royalty F1 are two sweet corn varieties with
significantly higher fructose content compared to glucose and sucrose, regardless of the
fertilization regime, similarly to previous reports [70].

The higher accumulation of certain secondary metabolites under organic fertiliza-
tion may be associated with mild nutrient-related stress conditions that stimulate plant
defense metabolism.
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3.3. Dimensionality Reduction and Exploratory Causal Statistical Analysis of Data

To comprehensively analyze the quality of sweet corn under different fertilization
systems, principal component analysis (PCA) was applied to simplify complex datasets re-
lated to the biochemical, physiological and productivity responses of sweet corn genotypes.
In addition, Pearson’s correlation analysis was used to gain a deeper understanding of the
relationships between different traits and to explore how these traits collectively respond
to different fertilization strategies. PCA and Pearson’s correlation coefficient methods
were used to analyze the entire dataset and specific subsets, which were distinguished by
fertilization type and sweet corn genotype.

PCA was applied to the entire dataset (Figure 5), regardless of the fertilization type or
sweet corn species, allowing for an overview of the relationships between variables and an
identification of the principal components that explain most of the variability in the data.
The results of this analysis revealed that out of the eight independent principal component
axes identified, only six presented eigenvalues greater than 1, indicating that these six
components are significant in explaining the dataset’s structure (Table S1). Together, these
six components account for 93.83% of the total variability. However, PC1 and PC2 have the
highest eigenvalues, 9.631 and 4.986, respectively, and explain 63.55% of the total variability,
meaning that they capture most of the information contained in the dataset.
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Figure 5. Biplot of PCA applied to the entire dataset collected from the cultivation of the Roy-
alty F1, Hardy F1, and Deliciosul de Bacau (DBc) sweet corn genotypes in organic, chemical, and
unfertilized regimes.

The data presented in Table 8 highlight several significant positive contributors to
PC1, with eigenvalues exceeding 0.2. These contributors include traits such as ear weight
(0.2595), the number of kernel rows per ear (0.3007), ear length (0.2860), kernel weight
(0.2858), yield per hectare (0.2981), tannins (0.2147), and sucrose content in kernels (0.2608).
These traits are likely related to the productivity and nutritional quality of sweet corn,
suggesting that PC1 may represent a dimension focused on these aspects. In contrast, the
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negative contributors to PC1 were plant height (—0.2857), ear insertion height (—0.2927),
kernel chlorophyll a content (—0.2012), kernel chlorophyll b content (—0.2199), kernel
lycopene content (—0.2153), and kernel fructose content (—0.2127). The negative loading
values indicate that these traits vary inversely with the yield and quality traits represented
by the positive contributors to PC1. This inverse relationship suggests that higher values
of plant height and ear insertion height are associated with lower values of kernel yield
and quality. For PC2, the significant positive contributors included the number of ears per
plant (0.2790), moisture (0.3911), total phenolic content (TPC) (0.3378), tannins (0.2823), and
sucrose (0.2000). In contrast, the most significant negative contributors to PC2 were ear
weight (—0.2424), rachis weight (—0.3222), and dry matter (—0.3911).

Table 8. Eigenvalues of the correlation matrix showing the affinity of different PCs against the yield,
biometrical, biochemical and nutritional quality traits of the sweet corn genotypes under different
fertilization systems.

Traits PC1 PC2 PC3 PC4 PC5 PCo PC7 PC8
Plant height —0.2857  —0.1313 0.0310 —0.0807 0.1075 0.2282 —0.1864 —0.1568
No. of stalks —0.0472  —0.1216 0.4247 —0.4449 —0.1356 0.0837 —0.1389 —0.0936
Leaf chlorophyll index 0.1399 0.1606 0.1470 0.4242 0.0363 0.3429 —0.4530 —0.1007
Ears insertion height —0.2927  —0.0344 0.0186 0.0560 0.1882 0.2735 —0.1934 0.0512
No. of ears per plant 0.1724 0.2790 0.1696 —0.0208 —0.1805 0.3561 —0.1612 0.2952
Ears weight 0.2595 —0.2424 0.0700 0.0953 0.0954 —0.1111 0.0324 —0.0831
No. of kernel rows per ear 0.3007 —0.1528 —0.0017 0.0775 0.0005 0.0280 0.0256 0.0526
Ears length 0.2860 —0.0670 0.0980 —0.0997 0.0590 —0.2480 —0.0975 0.3804
Rahis weight 0.0469 —0.3222  —0.0804 0.3486 0.4053 0.0536 0.1069 —0.0378
Kernels weight 0.2858 —0.1755 0.1076 —0.0044 —0.0230 —0.1459 0.0023 —0.0853
Dry matter 0.0688 —0.3911 0.2401 0.0762 —0.0739 0.0327 0.0825 —0.0081
Humidity —0.0688 0.3911 —0.2401 —0.0762 0.0739 —0.0327 —0.0825 0.0081
Yield per ha 0.2981 0.0331 0.1961 —0.0305 —0.0813 0.0367 —0.1029 0.1048
TPC 0.0866 0.3378 —0.0403 —0.0565 0.2550 —0.4044 —0.0483 —0.4328
ABTS 0.1677 0.1289 0.1490 —0.0644 —0.1158 0.3973 0.5668 —0.4342
DPPH 0.1346 0.1596 0.1645 0.0622 0.6399 0.1113 0.1194 0.2144
Chlorophyll a —0.2012 0.1149 0.3182 0.3189 —0.1346 —0.2051 0.1172 0.0485
Chlorophyll b —0.2199 0.1131 0.2958 0.3128 —0.1130 —0.1576 0.1105 0.0349
Lycopene —0.2153 0.1116 0.3057 0.3022 —0.1025 —0.1861 0.1364 0.0620
Tannins 0.2147 0.2823 —0.0252 0.0476 0.0463 0.1936 0.3342 0.1089
Fructose —0.2127 0.0628 0.2240 —0.3374 0.2457 —0.0408 0.2507 0.3749
Glucose 0.1052 0.1290 0.4371 —0.1674 0.2449 —0.1242 —0.2594 —0.3198
Sucrose 0.2608 0.2000 —0.0816 0.0823 —0.2325 —0.1721 —0.0791 0.0926

The PCA biplot shows that the Hardy F1 x Organic treatment is positioned close to
sucrose, tannins, and total phenolic content (TPC), suggesting an association with higher
values of these traits. Hardy F1 x Chemical is located near yield per hectare and number of
ears per plant, indicating its relationship with higher productivity. In contrast, Deliciosul de
Bacau x Chemical is positioned close to kernel chlorophyll a, chlorophyll b, and lycopene,
suggesting a stronger association with pigment accumulation.

Both Deliciosul de Bacdu x Organic and Royalty F1 x Control are positioned on
the left side of the plot and are closer to plant height and ear insertion height vectors,
indicating an association with vegetative growth traits and a negative correlation with
yield-related variables such as ear weight, kernel weight, and yield per hectare located
on the positive side of PC1. Thus, PC1 differentiates treatments with high yield and im-
proved kernel quality from those characterized mainly by vegetative growth and pigment
accumulation. PC2 represents a moisture—phenolic metabolism axis, showing positive
associations with moisture content, total phenolic content, tannins, sucrose, and number of
ears per plant, and negative associations with ear weight, rachis weight, and dry matter.
Therefore, PC2 separates treatments according to kernel moisture status and phenolic
compound accumulation.

By integrating principal component analysis (PCA) with Pearson’s correlation analysis,
our approach not only highlights the individual effects of genotype and fertilization type
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on sweet corn quality but also reveals interdependencies among agro-morphological,
physiological, and nutritional traits. The data presented in Figure 6 indicate a strong
positive correlation between plant height and ear insertion height, suggesting that as corn
plant height increases, the position of the ear on the plant also increases proportionally.
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Figure 6. Pearson’s correlation diagram of the yield, biometrical, biochemical and nutritional quality
traits of the Royalty F1, Hardy F1, and Deliciosul de Bacau sweet corn genotypes cultivated in organic,
chemical, and unfertilized regimes.

This plot indicates a significant negative relationship between plant height growth
and several key traits, including the leaf chlorophyll index (r = —0.77), number of ears per
plant (r = —0.82), ear weight/length ratio (r = —0.75/—0.91), number of kernels per ear
(r = —0.87), kernel weight (r = —0.83), and yield per hectare (r = —0.95). In addition, there
were negative correlations with the total phenolic compound (TPC) content (r = —0.58),
ABTS (r = —0.87), DPPH (r = —0.75), tannin (r = —0.91), glucose (r = —0.54), and sucrose
content in the kernels (r = —0.98). These negative associations between plant height and
these traits may arise from a trade-off in resource allocation. It is well established that
taller plants tend to expend more energy and resources to maintain structural stability and
reach greater heights, potentially limiting the nutrients and energy available for chlorophyll
production, reproductive structures, and seed development. As a result, the lower levels of
sugars, phenolic compounds, and antioxidants found in the kernels of taller plants could
reflect a shift in focus away from kernel quality and nutrient storage, instead favoring
structural and vegetative growth. Furthermore, a strong negative correlation was identified
between ear insertion height and various factors, including the number of ears per plant,
ear weight, and length, as well as the number of grains per ear, grain weight, and yield per
hectare. This correlation also applies to the contents of TPC, ABTS, DPPH, tannins, glucose,
and sucrose in the kernels (Figure 6). The correlations found between morphological
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parameters in this study were also reported by Stansluos et al. [80], who found a positive
correlation between plant height and ear insertion height, and a negative correlation with
the number of ears per plant/the yield.

Furthermore, plants with smaller ear sizes, lower ear weight-to-length ratios, and
fewer rows of kernels per ear tended to present higher levels of chlorophyll a, chlorophyll
b, lycopene, and fructose. Furthermore, the content of these compounds in the kernels is
negatively correlated with the levels of TPC, ABTS, DPPH, tannins, and sucrose. However,
TPC content and antioxidant activity, as measured by the ABTS and DPPH assays, show a
positive correlation, a relationship also observed by Cruz et al. [81] in a super-sweet corn
hybrid. Thus, the strong correlation is a natural consequence of the chemical properties
of polyphenols and the assay mechanisms that directly measure their antioxidant poten-
tial [82]. A positive correlation between tannins content and ABTS scavenging activity
was also established by Feregrino-Pérez et al. [77] in Mexican native maize. The positive
correlation reflects the direct role of tannins as efficient radical scavengers due to their
phenolic nature, which aligns well with the mechanism of the ABTS assay [83].

The PCA and Pearson’s correlation analysis of subsets of data distinguished by the
fertilization system and sweet corn genotype highlighted several important associations.
According to the data presented in Figure Sla, Royalty F1 has different associations depend-
ing on the fertilization method used. Under organic fertilization, Royalty F1 is associated
with relatively high levels of lycopene, chlorophyll a and b, total phenolic content (TPC),
and fructose. In contrast, when chemical fertilization is applied, F1 is associated with
traits such as DPPH and ABTS antioxidant activity, the leaf chlorophyll index, dry matter
content, kernel weight, ear weight, yield per hectare, and the number of kernel rows per
ear. In the no-fertilization system, the Royalty F1 variety presented the greatest plant
height, ear insertion height, and ear moisture levels. The Hardy F1 plants treated with
chemical fertilizers presented relatively high levels of chlorophyll a and b, Iycopene, leaf
chlorophyll index, total phenolic content (TPC), DPPH antioxidant activity, glucose, ear
length, yield per hectare, and number of ears per plant. In contrast, Hardy F1 plants grown
via organic methods are more closely associated with higher levels of tannins, humidity,
ABTS antioxidant capacity, and fructose. Additionally, the Hardy F1 plants grown under
control conditions are positioned in the opposite quadrant of most of these traits, indicating
that fewer traits are enhanced under these conditions than under organic or chemical fertil-
ization (Figure S2a). Figure S3a reveals that Deliciosul de Bacau cultivated under organic
fertilization is positioned positively along both PC1 and PC2, indicating associations with
variables such as the number of kernel rows per ear, ear weight, and DPPH levels. Under
chemical fertilization, Deliciosul de Bacau is positively positioned along PC1 but close to
the origin of PC2, which is correlated with variables such as the number of stalks, tannins,
and ABTS content. Under the control regime, Deliciosul de Bacau is closely associated with
humidity, TPC, fructose, and glucose content.

Considering the effects of the cultivation system, the PCA results presented in Figures
S4a, S5a, and S6a show that, under both the organic and chemical fertilization systems, the
Hardy F1 variety had the greatest number of ears per plant. In the non-fertilized system,
the Royalty F1 variety presented the greatest number of ears per plant. However, regardless
of the fertilization system used for cultivating Hardy F1 sweet corn, the highest yield per
ha was achieved. With respect to the nutritional quality of sweet corn kernels, the Hardy F1
variety presented the highest levels of tannins and TPC when grown with both chemical and
organic fertilization. In contrast, the DBc genotype exhibited the highest values of tannins
and TPC when grown without fertilization. The highest levels of chlorophyll a, chlorophyll
b, and lycopene in kernels were detected under chemical fertilization in DBc, whereas
Royalty F1 presented the highest levels under organic fertilization and no fertilization.
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The Pearson’s correlation diagrams presented in Figures S1b, S2b, and S3b show
that the relationships between some of the considered traits depended on the sweet corn
genotype. For example, plant height and the number of stalks are strongly positively
correlated for Deliciosul de Bacau (r = 0.67) and Hardy F1 (r = 0.64), whereas for Royalty
F1, the correlation between the two traits is very low (r = 0.031). Additionally, an increase
in plant height has a strongly negative impact on the number of ears per plant and yield for
the Royalty F1 and Hardy F1 genotypes. In contrast, for Deliciosul de Bacau, plant height
was positively correlated with these traits. However, regardless of the sweet corn genotype,
there was a significant negative correlation between plant height and ear length or a weak-
to-strong positive correlation with chlorophyll a, chlorophyll b, and lycopene contents in
kernels. The Pearson’s correlation diagrams presented in Figures S4b, S5b, and Séb indicate
that, in the control and organic fertilization systems, plant height and the number of stalks
are strongly positively correlated. In contrast, in the chemical fertilization system, a very
low negative correlation was observed between these two traits (r = —0.035). Furthermore,
the relationships between plant height and ear weight, the number of kernel rows per
ear, ear length, kernel weight, and yield per hectare revealed strong negative correlations.
Regardless of the sweet corn genotype, plant height was significantly positively correlated
with the levels of chlorophyll a, chlorophyll b, lycopene, and fructose in the kernels. The
results of the PCA and Pearson’s correlation analyses indicate that certain parameters
analyzed in this study are predominantly influenced by genetic predisposition. This
conclusion aligns with findings reported by Mesarovi¢ et al. [84], further emphasizing the
role of genetics in determining key traits in sweet corn.

These genotype-dependent response patterns provide an important framework for
interpreting fertilization efficiency under sustainable management conditions. In this
context, the present findings are highly relevant to current European Union strategies
promoting sustainable agriculture, including the Green Deal and Farm to Fork initiatives,
which emphasize reduced synthetic fertilizer use and the adoption of environmentally
friendly inputs. Our results demonstrate that genotype selection strongly modulates
responses to fertilization systems, highlighting the need for breeding programs focused
on genotypes adapted to low-input and organic farming systems under Eastern European
pedoclimatic conditions. These findings support the development of integrated genotype—
fertilization strategies to maintain productivity while improving nutritional quality under
sustainable management practices.

4. Conclusions

Our findings highlight the significant influence of the Hardy F1 hybrid on yield
and antioxidant capacity and the significant correlation between the contents of glucose
and sucrose with chlorophyll. Notably, the local variety DBc, under chemical or organic
fertilization, showed higher levels of chlorophyll pigments and lycopene, indicating better
adaptation to climatic conditions, albeit with lower productivity. Furthermore, organically
fertilized DBc was associated with increased plant height and ear insertion height, and
showed a negative association with ear and grain weight.

The results of this study demonstrate that each sweet corn variety, depending on
the intended end use of the grains, requires an appropriate fertilization strategy, thereby
responding positively to both conventional and organic cultivation systems under com-
parable climatic conditions across the two research years. Based on the data presented,
improvements in cultivar performance—in terms of yield, biometric, physiological, bio-
chemical, and qualitative indicators—can be achieved by adopting suitable strategies for
the production and management of sweet corn according to its intended use. Moreover, the
data obtained, particularly with respect to the nutritional quality of corn grains, open new
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research perspectives that should also focus on carbohydrate content and quality under the
influence of agronomic and environmental factors.

From a practical perspective, Hardy F1 is recommended for production systems
aiming at high yield, particularly under chemical fertilization, and the local variety DBc is
more suitable for low-input and organic farming systems focused on enhanced pigment
accumulation and nutritional quality. These genotype—fertilization combinations provide
practical guidance for selecting appropriate cultivation strategies according to specific
production objectives.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/agronomy16030313/s1, Figure S1. (a) Bi-plot of PCA analysis
and (b) Pearson’s correlation diagram of the agro-morphological, physiological and nutritional quality
traits of the Royalty F1 cultivated in organic, chemical, and no-fertilization systems; Figure S2. (a) Bi-
plot of PCA analysis and (b) Pearson’s correlation diagram of the agro-morphological, physiological
and nutritional quality traits of the Hardy F1 cultivated in organic, chemical, and no-fertilization
systems; Figure S3. (a) Bi-plot of PCA analysis and (b) Pearson’s correlation diagram of the agro-
morphological, physiological and nutritional quality traits of the Deliciosul de Bacau cultivated in
organic, chemical, and no-fertilization systems; Figure S4. (a) Bi-plot of PCA analysis and (b) Pearson’s
correlation diagram of the agro-morphological, physiological and nutritional quality traits of the
Royalty F1, Hardy F1, and Deliciosul de Bacau sweet corn genotypes cultivated in no-fertilization
systems; Figure S5. (a) Bi-plot of PCA analysis and (b) Pearson’s correlation diagram of the agro-
morphological, physiological and nutritional quality traits of the Royalty F1, Hardy F1, and Deliciosul
de Bacau sweet corn genotypes cultivated in chemical fertilization systems; Figure S6. (a) Bi-plot of
PCA analysis and (b) Pearson’s correlation diagram of the agro-morphological, physiological and
nutritional quality traits of the Royalty F1, Hardy F1, and Deliciosul de Bacau sweet corn genotypes
cultivated in organic fertilization systems; Table S1. Eigenvalues of the correlation matrix.
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