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Abstract: Cover crops (CC) are an important low-input strategy in sustainable agricultural sys-
tems. The impact of different CC (common vetch, field pea, winter oats, fodder kale, common
vetch + winter oats and field pea + winter oats), organic mulch, control treatment-fallow, and bio-
fertilizer (BF) application, on yield and quality of sweet maize kernel was evaluated. CC biomass
was higher in mixtures: field pea + winter oats, and common vetch + winter oats, as well as in
fodder kale. Kernel yield and its chemical composition varied significantly by CC, BF, year, and
their interaction. Organic mulch enhanced the concentration of sugars and glutathione in maize
kernel. BF increased kernel yield, the concentration of sugars, vitamin C, Mg, Fe, Zn, and reduced
phytate concentration. The highest Mg and Mn concentration in maize kernel was achieved with
fodder kale, Zn concentration with common vetch + winter oats + BF, and Fe concentration with
winter oats. The same treatments expressed the highest impact on variability in concentration of the
phytate, phenolics, and yellow pigment, thus affecting further bio-availability of essential elements.
Results indicate that in a semi-arid climate, under rain-fed conditions, CC such as fodder kale and
winter oats + common vetch could enhance sweet maize productivity and kernel quality, serving as
an important part of a sustainable cropping system, to facilitate food security.

Keywords: sweet maize; mineral nutrients; sugars; phytic acid; antioxidants; bio-availability; cover
crop; mulch; bio-fertilizer

1. Introduction

Food security is of particular importance when climate change is addressed. Global
changes affect not just food production, but food quality, too. High-input agriculture, agro-
ecosystem devastation, in combination with climate extremes, contribute to a reduction
of produces quality: decrease in concentration of essential minerals and vitamins. As a
consequence, the human population is incapable of meeting minimal requirements for
essential nutrients resulting in pandemic of various chronic diseases, such as obesity,
diabetes, metabolic syndrome, cardio-vascular diseases, cancer, etc. [1,2].

Sustainable agricultural systems are aimed at restoring agro-ecosystems, to increase
not just crop productivity, but also their quality implying various practices, such as use
of cover crops. Cover crops grown during the fallow period prevent soil erosion, help in
weed control, and pest management, increase content of soil organic matter, and maintain
the nutrients’ status. One of the most important roles of cover crops is a conservation
of mineral nutrients, preventing their leaching to a soil depth [3]. Some species, like
grasses and brassicas are better for residual N scavenging. By contrast with cereal covers
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which have tendency to immobilize N, thus affecting soil moisture and reducing weedines,
legume covers express the best efficiency for crops with high N requirements, as maize is
replacing some N quantity from fertilizers [4]. Maize yield responds to residues of legume
cover crops with fertiliser equivalency between 25% and 59% [5]. Some legumes such as
white clover (Trifolium repens L.) are also able to enhance P absorption into maize plants [6].
Vetch, winter rape (Brassica napus subsp. napus L.) and oilseed rape (Brassica napus subsp.
napus L.), are able to reduce N fertilization and diminish the risk of N leaching from soil,
contributing to greater maize productivity [7]. Cover crops are able to improve rhizosphere
composition, by increasing the number of N fixing bacteria or other microorganisms that
facilitate the availability of nutrients, thus promoting plant-microbe symbioses [8,9], also
increasing grain yield and quality [10,11].

Microorganisms, including bio-fertilizers, have a key role in crop productivity, main-
taining soil fertility, stimulating plant growth and productivity, plant defence and stress
tolerance, increasing uptake and accumulation of N, P, Fe, Mn, Zn, and Cu in plant tissues,
enhancing antioxidants and photosynthetic pigments [12,13]. They are also able to reduce
phytic acid concentration (the main anti-nutrient which binds mineral nutrients) in maize
grain [14].

Maize is an important staple food worldwide. In relation to standard dent maize,
sweet maize (Zea mays L. saccharata Strut) kernel is considered as vegetable and it is mainly
used as fresh, frozen or canned. It has a unique profile of nutrients and phytochemicals;
it is rich in carbohydrates, but is also a valuable source of fibres, it contains vitamins,
minerals, phenolic acids, and flavonoids [15,16]. Constituents, such as phytic acid and
phenolics, bind the majority of the minerals, making them unavailable to humans and
non-ruminant animals [17]. However, some other constituents, like vitamin C, carotenoids,
amino acids, glutathione, etc. are substances that enhance the bio-availability of minerals
(promoters) [18,19].

The connection between cropping system, yield, and nutritional quality of sweet
maize kernel is established in this research. The aim and novelty of this experiment lays
in potential improvements in a nutritional quality of sweet maize kernel grown after the
different cover crops and their combination with bio-fertilizer in semi-arid climate under
rain-fed conditions. The goal is a feasible increase in concentration of essential mineral
elements and their potential bio-availability through relations with enhancing factors (like
vitamin C, carotenoids, glutathione) and factors which reduce bio-availability of essential
elements (phenolics and phytic acid). For the future frameworks, from the viewpoint
of food security toward sustainable systems that include cover crops, introduction of
genotypes (cover crops, as well as main crops) with enhanced nutrient efficiency could be
of particular importance.

2. Material and Methods
2.1. Plant Material

The effect of different treatments with winter cover crops (CC) was evaluated:

T1–common vetch (Vicia sativa L.);
T2–field pea (Pisum sativum L.);
T3–winter oats (Avena sativa L.);
T4–fodder kale (Brassica oleracea (L.) convar. acephala);
T5–common vetch + winter oats;
T6–field pea + winter oats;
T7–organic mulch;
T8–control –fallow.

Sweet maize ‘ZPSC 421su’ of FAO 400 maturity group was the main crop.

2.2. Field Experiment

The experiment was conducted during 2015/16, 2016/17 and 2017/18 at the Experi-
mental Field of the Maize Research Institute at Zemun Polje, Belgrade vicinity (44◦52’ N;
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20◦20’ E), according to a split-plot design, in four replications. The climate was semi-arid
and soil was slightly calcareous chernozem with 30% silt, 17% clay and 53% sand. The
soil properties at 0–40 cm layer were 3.22% organic matter, pH 7.3, 1.38% total CaCO3;
0.20% of total N (Kjeldahl), 10.70 mg kg−1 of available P (Olsen [20]), and 106.98 mg kg−1

of extractable K, 293.73 mg kg−1 Mg, 7.94 mg kg−1 Fe, 11.94 mg kg−1 Mn, 2.16 mg kg−1

Zn (K, Ca, Mg, Fe, Mn and Zn were determined by inductively coupled plasma-optical
emission spectrometry after extraction with Mechlich 3 [21]).

The cover crops (CC) were sown at the end of October or early November, in the
following amounts: common vetch–120 kg ha−1, field pea–150 kg ha−1, oat –160 kg ha−1,
and fodder kale–15 kg ha−1, and in mixtures ratio of 70:30 was between legume and oats.
Organic mulch treatment (T7) was consisted of after-harvest residues of winter wheat, in
amount of 10 t ha−1, which were arranged over soil surface. The elementary plot area
was 35 m2. In all three experimental years, the preceding crop was winter wheat. The
autumn soil preparation (ploughing and seedbed preparation) was performed immediately
before sowing.

The mineral fertilization was applied before the sowing of CC (autumn) and sweet
maize (spring). The aim was to provide the main crop (sweet maize) with 120 kg N ha−1,
90 kg P ha−1 and 60 kg K ha−1. The total amount of P and K fertilizer was applied in
autumn with mono-potassium phosphate fertilizer (ai 0:52:34) and the required N amount
was incorporated prior to sweet maize sowing (urea 46% ai). Nitrogen fertilization was
as follows: 120kg N ha−1 for non-legume crops and control treatments, 80 kg N ha−1
for sole legumes and 90 kg N ha−1 for mixtures. The remaining 40 or 30 kg N ha−1 was
considered to be provided by nitrogen fixation, during CC cultivation.

Fresh mass of the cover crops, as well as winter wheat residues (T7) were incorporated
in the soil by a rotovator TF-145 (FPM Deljanin, Kuršumlija, Serbia) at the end of April.
Immediately after, a half of the elementary plot (17.5 m2) was treated with the bio-fertilizer
(BF)–Uniker (containing cellulolytic and proteolytic bacteria strains: Bacillus megaterium, B.
lichenoirmis and B. subtilis; producer –Agrounik d.o.o, Šimanovci, the Republic of Serbia) to
support the mineralization of crop residues, in the amount of 10 L ha−1.The main crop
was sown in the middle of May. The seeds were sown at the arrangement of 70 cm between
rows and 22 cm between plants in the row (65,000 plants ha−1). Other cultivation and
care measures were performed in accordance with the principles of proper agricultural
technology. The ears from the central two rows from each elementary plot (46 plants per
each replication of each treatment) were harvested at milk stage, at the end of August.

2.3. Chemical Analysis

Each year after harvest, kernels were manually removed and average sample was
made (containing 100 g of fresh kernels) and dried in a ventilation oven at 60 ◦C and
then milled on Perten 120—Hägersten, Sweden (particle size < 500 µm). After the ex-
traction with 5% trichloroacetic acid, spectrophotometrical methods were used for the
determination of phytic P (Pphy) [22], and glutathione (GSH) [23] on Biochrom Libra S22
UV/Vis (ultraviolet–visible) Spectrophotometer–Biochrom, UK. Soluble phenolics were
also determined spectrophotometrically after the extraction with double distilled water [24]
and expressed as µg of 3-hydroxy-4-methoxycinnamic acid g−1 dry matter. Yellow pig-
ment (YP) was determined after the extraction with n-butanol [25] and expressed as µg
of β-carotene equivalent (βCE) g−1 dry matter. The content of sucrose, D-glucose and
D-fructose was determined from the fresh samples spectrophotometrically [26], using the
enzymatic assay kit R-BIOPHARM AG (Cat. Nr. 10 716 260 035) and then calculated as
percent of dry weight, while vitamin C was determined by iodometric titration [27]. After
wet digestion with HClO4 + HNO3, the concentration of essential mineral elements (Mg,
Fe, Mn and Zn) was determined with inductively coupled plasma-optical emission spec-
trometry (Spectroflame, 27.12 MHz and 2.5 kW, model P, Spectro Analytical Instruments,
Kleve, Germany).
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2.4. Statistical Analysis

The obtained data were processed using three-way factorial analysis of variance
(ANOVA, F test), tailored into a split-plot design with four replicates; p < 0.05 and p <
0.01 were set as a significance level. The ratios between phytic acid and essential elements
were evaluated: phytic acid Phy/Mg, Phy/Fe, Phy/Mn and Phy/Zn and presented as
a mean ± standard deviation (SD). Principal component analysis (PCA) was used for
evaluation of interdependence between cover crops and bio-fertilizer regarding kernel
chemical composition, i.e., concentration of Mg, Fe, Mn, and Zn sucrose, glucose, fructose,
Pphy, phenolics, GSH, vitamin C, and YP. Statistical analysis was performed by SPSS 15.0
(IBM Corporation, Armonk, New York, NY, USA) for the Windows Evaluation version.

2.5. Meteorological Conditions

Meteorological conditions (Table 1) during late autumn and winter (when soil surface
was covered by CC) indicated higher average temperature for 2015/16 and 2017/18 season
(8.3 and 7.3 ◦C, respectively) in regard to the 1991–2019 average (6.5 ◦C). The lowest
temperature (under 0 ◦C) was noticed only in January of 2016/17 (−1.8 ◦C). The average
precipitation amount was slightly higher in 2015/16 in comparison to the multi-year
average, while in 2017/18 and particularly 2016/17 it was lower for about 108.5 and
146.1 mm, respectively.

Table 1. Mean temperature (◦C) and precipitation sum (mm) at Zemun Polje during the vegetative
seasons of 2015/16, 2016/17 and 2017/18 in comparison to the 1991–2019 average.

Average Temperature (◦C) Precipitation Sum (mm)

Months 2015/16 2016/17 2017/18 1991–2019 2015/16 2016/17 2017/18 1991–2019

November 9.2 7.4 7.9 8.3 63.4 58.8 42.3 51.1
December 4.3 0.2 4.5 3.0 3.8 0.6 17.4 55.6
January 2.5 −1.8 5.0 2.0 46.3 6.8 31.9 47.6
February 9.0 5.3 1.9 3.8 38.5 18.1 41.7 43.2
March 9.1 11 6.4 8.2 102.6 21.3 32.4 48.8
April 15.5 12.4 18 13.6 53.9 47.1 24.6 52.5

Aver./Sum 8.3 5.7 7.3 6.5 308.5 152.7 190.3 298.8

May 17.5 18.6 21.7 18.1 71.3 49.2 39.0 72.8
June 22.5 24.4 22.7 21.9 152.2 39 150.1 92.0
July 24.4 25.5 23.6 23.8 3.0 26.7 61.9 67.9

August 22.3 25.8 25.7 23.8 60.8 23.7 44.0 55.0

Aver./Sum 21.7 23.6 23.4 20.2 287.3 138.6 295.0 340.2

The vegetative season of sweet maize, for 2017 was characterised by the higher average
temperature compared to other two seasons and particularly the 1991–2019 average. This
season was also low in precipitation amount, with 201.6 mm lesser in relation to 1991–2019
average. Especially low in precipitation amount were July in 2016, as well as July and
August in 2017, with only 3.0, 26.7, and 23.7 mm, respectively. Jun in 2018 was particularly
high in precipitations, with 150.1 mm.

3. Results
3.1. Cover Crops Biomass and Sweet Maize Kernel Yield

The CC and year (Y), as sources of variation significantly affected CC biomass (Table 2),
with the highest average values obtained in T6 treatment (field pea + winter oats) and
in 2016/17 season (44795 kg ha −1, on average). CC treatments with the significantly
highest values of biomass were T4–fodder kale, in 2015/16 (43515 kg ha−1) and 2016/17
(54040 kg ha−1), as well as T6 combination (field pea + winter oats), in 2016/17 and 2017/18
(57150 kg ha−1 and 49,860 kg ha−1, respectively). Slightly lower values were noticed in
T6 treatment in 2017/18 (49860 kg ha−1). By contrast, the lowest values of CC biomass
were achieved at T3 treatment (winter oats) in 2015/16and 2017/18 (16610 kg ha−1 and
19,675 kg ha−1, respectively). Irrespective that almost double greater biomass was achieved
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by T3 in 2016/17 (29240 kg ha−1), it was the lowest value in this season, when compared to
other CC treatments.

Table 2. Analysis of variance for the effect of cover crop (CC), year (Y), and their interaction on the
variation of cover crops biomass during three year period (kg ha−1).

Treatment 2015/16 2016/17 2017/18 Aver.

T1 21,400 d 45,600 l 18,310 b 28,437 b

T2 38,440 hi 38,240 h 20,760 cd 32,480 c

T3 16,610 a 29,240 e 19,675 c 21,842 a

T4 43,515 k 54,040 n 31,175 f 42,910 e

T5 39,500 i 44,500 kl 41,150 j 41,717 d

T6 36,100 g 57,150 o 49,860 m 47,703 f

Aver. 32,594 b 44,795 c 30,155 a

Source of
variation CC Y CC × Y

df. 5 2 10
Anova (p values) 0.069

df–degrees of freedom; Different letters indicate significant differences according to the least significant difference
(LSD)-test at p < 0.05 (for average, letters in row indicate differences between Years and letters in the last column
indicate differences between Treatments); T1–common vetch; T2–field pea; T3–winter oats; T4–fodder kale;
T5–common vetch + winter oats; T6–field pea + winter oats.

Sweet maize kernel yield varied highly significantly in regard to CC, Y, their interac-
tion, and BF × CC interaction, while BF and its interaction with Y expressed significant
impact on sweet maize kernel yield (Table 3). The highest average values were achieved
in T4 treatment (6489.6 kg ha−1), with BF application (5920.0 kg ha−1), as well as in 2018
(8495.5 kg ha−1). CC × BF interaction indicated that the highest kernel yield was realised by
T7 × BF combination (6787.8 kg ha−1) and slightly lower by T4 × without BF combination
(6694.5 kg ha−1). T4 treatment achieved the highest average kernel yield in 2016 and 2017,
with 4941.1 kg ha−1, 6261.7 kg ha−1, respectively, while in 2018, the highest yield was
achieved in T8 treatment (8826.8 kg ha−1). In 2018, significantly higher kernel yield was
achieved when BF was applied (8770.8 kg ha−1, in average).

3.2. Variability in Chemical Composition of Sweet Maize Kernel

All three sources of variations: CC, BF, Y, and their interactions induced significant
variations in concentration of all examined kernel constituents (Table 4). The exceptions
were present only for fructose concentration (BF × CC interaction), as well as Zn concentra-
tion (BF and Y × BF interaction). CC influence on variability in concentration of examined
kernel constituents was complex. Accordingly, the highest concentration of glucose and
phenolics was present in T8 treatment; sucrose, fructose and GSH in T7 treatment; YP, Mg,
and Mn concentration in T4, Pphy in T5 treatment; vitamin C in T6; Fe in T1 and Zn in T3
treatment. The BF was reflected on slightly higher concentration of glucose and fructose,
vitamin C, Mg, and Zn in sweet maize kernel. The differences among seasons indicated
slight decrease in sugars concentration and increase in concentration of GSH and vitamin
C in 2018. However, concentration of phenolics, YP, and other elements (Mg, Fe, Mn and
Zn) was greater in 2016 even several fold than it was in 2017.
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Table 3. Analysis of variance for the effect of cover crop (CC), bio-fertilizer application (BF), year (Y), and their interaction on kernel yield (kg ha−1).

CC BF Y
CC × BF CC × Y BF × Y

BF Without
BF 2016 2017 2018 2016 2017 2018

T1 5446.8 a BF 5920.0 b 2016 3733.7 a T1 5535.9 ab 5357.8 a 3972.2 b 4070.4 b 8297.9 ef BF 3617.2 a 5372.1 b 8770.8 c

T2 6050.3 b Without BF 5717.1 a 2017 5224.0 b T2 6575.2 b 5525.4 ab 3796.4 b 5612.5 cd 8742.0 ef Without
BF 3855.1 a 5076 b 8220.1 c

T3 5600.3 ab 2018 8495.5 c T3 5759.3 ab 5441.4 a 3196 ab 5589.1 cd 8015.9 e

T4 6489.6 b T4 6284.6 b 6694.5 b 4941.1c 6261.7 d 8265.9 ef

T5 5410.2 a T5 5636.9 ab 5196.7 a 2977.4a 4538.5 bc 8714.5 ef

T6 5519.7 a T6 5234.7 a 5804.7 ab 2732.9 a 5433.4 c 8392.7 ef

T7 6173.9 b T7 6787.8 b 5560.1 ab 4446.4 bc 5367.6 c 8707.7 ef

T8 5851.0 ab T8 5545.9 ab 6156.2 b 3807.0 b 4919.2 c 8826.8 f

df. 7 1 2 7 14 2
Anova (p
values) 0.000 ** 0.040 * 0.000 ** 0.000 ** 0.000 ** 0.005 *

* Significant at 5% probability level; ** Significant at 1% probability level; df–degrees of freedom; Different letters indicate significant differences according to LSD-test at p < 0.05; CC–cover crop treatment;
BF–bio-fertilizer treatment; Y–year; T1–common vetch; T2–field pea; T3–winter oats; T4–fodder kale; T5–common vetch + winter oats;T6–field pea + winter oats; T7–organic mulch; T8–fallow.
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Table 4. Analysis of variance for the effect of cover crop (CC), bio-fertilizer application (BF), year (Y), and their interaction on kernel yield, sucrose, glucose, fructose, vitamin C, yellow
pigment (YP), glutathione (GSH), phytic phosphorus (Pphy), phenolics, Mg, Fe, Mn, and Zn contents in sweet maize kernel.

Sucrose Glucose Fructose Pphy Phenolics GSH YP Vitam. C Mg Fe Mn Zn
% DM mg g−1 µg g−1 nmol g−1 µg g−1 mg 100 g−1 µg g−1

T1 1.39 b 1.65 ab 1.23 a 3.14 c 892 e 1383 a 11.74 b 23.47 a 1555 c 45.65 g 7.00 b 36.15 ab

T2 1.18 a 1.64 a 1.39 b 2.83 a 763 bc 1629 e 11.57 a 27.57 c 1588 d 35.40 c 7.01 b 38.26 ab

T3 1.16 a 1.67 ab 1.27 a 2.98 b 812 d 1468 b 11.58 a 26.25 b 1711 f 36.26 d 7.94 c 41.04 b

T4 1.22 a 1.63 a 1.24 a 2.92 b 631 a 1513 c 12.66 d 26.06 b 1770 g 32.41 a 8.15 d 34.21 ab

T5 1.38 b 1.7 b 1.44 c 3.18 c 750 b 1519 c 12.63 d 28.55 d 1651 e 36.67 d 7.77 c 37.49 ab

T6 1.14 a 1.63 a 1.36 b 2.91 b 737 b 1397 a 12.29 c 30.31 e 1473 a 40.45 f 6.43 a 32.42 ab

T7 1.50 c 1.64 a 1.52 d 2.96 b 789 c 1704 f 11.71 b 28.45 d 1575 cd 34.01 b 6.57 a 30.68 a

T8 1.23 a 1.74 b 1.46 c 3.11 c 894 e 1599 d 12.35 c 28.55 d 1513 b 39.48 e 6.55 a 39.36 ab

BF 1.25 a 1.71 b 1.37 2.93 a 771 a 1518 a 11.60 a 28.37 b 1628 b 37.16 b 6.92 a 31.70
Without BF 1.3 b 1.61 a 1.36 3.07 b 796 b 1536 b 12.53 b 26.44 a 1581 a 29.95 a 7.44 b 28.89

2016 1.29 b 1.71 b 1.41 b 2.52 a 1299 c 1379 a 26.25 c 27.04 a 2426 c 69.59 c 12.29 c 68.36 c

2017 1.29 b 1.71 b 1.41 b 3.29 c 595 b 1545 b 1.85 a 27.04 a 533 a 5.62 a 0.84 a 5.33 a

2018 1.26 a 1.56 a 1.26 a 3.19 b 456 a 1656 c 8.09 b 28.12 b 1855 b 35.02 b 8.40 b 31.37 b

Source of variation df. Anova (p values)

CC 7 0.000 ** 0.000 ** 0.09 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.055 * 0.000 ** 0.042 *
BF 1 0.000 ** 0.000 ** 0.164 ns 0.000 ** 0.003 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.322 ns
Y 2 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 **

CC × BF 7 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.005 **
CC × Y 14 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 **
BF × Y 2 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.097 ns

CC × BF× Y 14 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.000 ** 0.002 **

* Significant at 5% probability level; ** Significant at 1% probability level; df—degrees of freedom; Different letters indicate significant differences according to LSD-test at p < 0.05; CC–cover crop treatment;
BF–bio-fertilizer treatment; Y–year; T1–common vetch; T2–field pea; T3–winter oats; T4–fodder kale; T5–common vetch + winter oats; T6–field pea +winter oats; T7–organic mulch; T8–fallow.
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Considering the effect of CC and BF present as a three year average (Figure 1), it is
noticeable that Pphy had the lowest value in T7 + BF combination and T2 + without BF,
with 2.73 mg g−1 and 2.75 mg g−1, respectively. The highest concentration of phenolics in
sweet maize kernels was noticed in T8 + BF variant, while the lowest values were achieved
in T4 treatment in both variants, with and without BF (621 and 340 µg g−1, respectively).
The highest GSH concentration in sweet maize kernel was observed in T7 + BF combination,
while the highest vitamin C and YP concentration in kernel was in T5 + BF combination
(30.51 mg 100 g−1 and 13.39 µg g−1, respectively) (Figure 2).
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The differences among CC treatments in essential elements accumulation in sweet
maize kernel (Figure 3) were present mainly in BF variant, with the highest values of
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Mg and Mn obtained in T3 + BF treatment (1863.6µg g−1 and 8.44µg g−1, respectively).
Though, the highest Fe concentration was noticed in T8 + BF (42.3 µg g−1) and the highest
Zn concentration was in T5 + BF treatment (66.6 µg g−1). When variant without BF
application was taken into consideration, the highest concentration of Mg, Mn and Zn in
maize kernel (1961.6µg g−1, 10.4µg g−1 and 53.0 µg g−1, respectively) was obtained in T4,
while the highest Fe concentration was noticed in T3 (52.1µg g−1).
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3.3. Potential Bio-Availability of Essential Elements

CC and BF affected also a molar ratio between phytic acid and essential elements.
Three-year average shown that in BF variant, the lowest values of Phy/Mg and Phy/Mn
in maize kernels were in T3 + BF (0.056 and 28.11, respectively), while the lowest Phy/Fe
ratio was in T5 + BF treatment (3.79) and Phy/Zn ratio in T7 + BF (7.02). Compared to
BF, in variant without BF the lowest Phy/Fe ratio was in T3 (5.06), while other ratios,
Phy/Mg, Phy/Mn and Phy/Zn had lower values in T4 treatment (0.053, 5.07, 22.04 and
5.23, respectively) (Figure 4).
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PCA revealed that Mg, Mn, and Zn contributed positive, while vitamin C negative
to PC1, which explained 28.08% of the total variability (Figure 5). The second axis (PC2),
which explained 18.91% of the variability, was defined with GSH, fructose and Fe. The third
axis (PC3), explained with 16.32% of variability, and was defined by Pphy and sucrose and
the fourth axis (PC4) was defined positive by YP and negative by phenolics and glucose
and was explained with 11.56% of the total variability.

According to the results presented on Figure 5, T1 was tied to the highest variability
of Pphy and phenolics, in both variants, with and without BF, while T1 + BF induced
variability of sucrose, but to a lesser extent. T2 + BF combination induced slight variation
of fructose, vitamin C, Mg, and Mn. T3 also expressed an impact on Pphy variability and
in lesser extent impact on phenolics and sucrose, while T3 + BF combination expressed
influence on Mg, Mn, and Zn variability. T4, in combination with and without BF, was
presumable involved to increased variability of YP, Mg, Mn, and Zn and in lesser degree
to variability of fructose and vitamin C. T5 was mainly responsible for variations in
concentration of Pphy and phenolics and in lesser extent of sucrose, while T5 + BF was
involved in greater variations of YP and Fe concentration. T6, as well asT6 + BF expressed a
slight influence on variations of YP, vitamin C, Mg, Fe, and Mn. T7, in the combination with
and without BF, as well as T8 + BF, induced great variability in concentration of glucose,
fructose, sucrose, GSH, and vitamin C.
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Figure 5. Principal component analysis for sucrose (Sucr), glucose (Glu), fructose (Fruc), vitamin C
(vitC), yellow pigment (YP), glutathione (GSH), phytic (Phy), phenolics (Phen), Mg, Fe, Mn, and
Zn contents in sweet maize kernel, influenced by different cover crops (T1–common vetch; T2–field
pea; T3–winter oats; T4–fodder kale; T5–common vetch + winter oats; T6–field pea + winter oats; T7–
organic mulch; T8–fallow) and bio-fertilizer (B). Black spots present kernel components, while white
spots present applied CC treatments solely (T), as well as in combination with bio-fertilizer (T-B).

4. Discussion
4.1. Cover Crops Biomass and Sweet Maize Kernel Yield

The plant species used as CC should have a potential to produce great aboveground
biomass, together with balanced C/N ratio, without rapid decomposition, protecting soil
surface, and main crops in early growth phases [28]. The experimental results indicated
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that CC biomass was very significantly prone to meteorological conditions present during
the late autumn and winter. Earlier CC growth and biomass accumulation was supported
by moderate precipitation during November and April in 2016/17, as well as higher
temperature present during February–March in 2015/16 and 2016/17. By contrast with the
claim that mixtures are not advantageous in regard to monocrops in biomass production
and water-use efficiency [29,30], in this research, field pea + winter oats (T6) achieved
the highest value of produced biomass in a three-year average [31,32]. Furthermore, in
2017/2018, as relative mild season, field pea + winter oats (T6) and common vetch + winter
oats (T5) produced the greatest biomass, too.

For the main crop, a higher precipitation amount in 2018 facilitated the highest kernel
yield, while the lowest yield was achieved in 2016, with unequally distributed precipita-
tions, (only 3 mm during July-beginning of the grain filling period), thus severely affecting
kernel filling and yield. Considering CC impact, advantage was given to legume covers, as
well as CC mixtures that include legumes, due to the fact that cereal covers can immobilize
greater N amounts and have prolonged effect on soil moisture, opposite to legumes that
increase N availability and dry matter accumulation in maize crop [4,33]. High CC biomass,
i.e., soil coverage enables better weed suppression, prevents soil N from leaching, therefore
increasing N accumulation in biomass [4,28,30], what could be the main reason for greater
kernel yield of sweet maize in treatment with fodder kale (T4). Particular importance
for sweet maize kernel yield plays BF, which contain cellulolytic and proteolytic bacteria,
thereby increasing availability and nutrient profile of the main crops, as well as stress
tolerance [12], thus resulting in the greater average kernel yield, especially in the treatment
with organic mulch (T7 + BF). Even more, a synergic action of applied sustainable practices,
such as BF + T5 (common vetch + winter oats) in 2018, resulted in the highest sweet maize
kernel yield (9051.1kg ha−1).

4.2. Variability in Chemical Composition of Sweet Maize Kernel

Food security is not addressed only to the achievement of high crop yields in con-
ditions of variable meteorological factors (climate change), but also to the production of
nutrient dense crops which will contribute to the reduction of globally present malnutrition
in humans and animals [2]. Irrespective to a high glycaemic index, [15] as well as an unique
nutritional profile of sweet maize kernels, there is a lack of the information how diverse
cropping systems and techniques influence chemical composition and potential health
benefits of sweet maize kernel.

Very significant variability of examined constituents of sweet maize kernel (sugars,
antioxidants, and essential elements) under the influence of CC, BF, Y, and their interaction
was observable. In regard, that higher sugars concentration in sweet maize kernel follow
optimal precipitation amount [34], in this research the higher concentration of all three
sugars was obtained in 2016 and 2017, as years with the a low to moderate precipitation
quantity. However, low a precipitation level in July 2016, not only seriously affected the
kernel yield, but also kernel chemical composition, particularly from the viewpoint of
increased concentration of antioxidants (phenolics and YP) which are highly prone to
variable conditions [35,36]. Concentration of essential elements: Mg, Fe, Mn, and Zn were
also increased, together with decrease in Pphy and GSH concentration [37,38]. Organic
mulch (T7) and fallow (T8) contributed to the increased concentration of sugars, phenolics,
and GSH in the sweet maize kernel, particularly in the combination with BF application,
confirming that bio-fertilizers are able to improve crop quality [12]. Fodder kale (T4)
expressed the greatest impact on YP concentration, while winter oats and its combination
with field pea (T3 and T6) increased vitamin C concentration. Rosa [10] has argued
that winter turnip rape (Brassicaceae) and white clover (Fabaceae) positively affected the
quality of sweet maize kernels by increase of vitamin C concentration and reduction of
P concentration, which was partially supported by results achieved in this experiment.
Furthermore, increased kernel yield and concentration of glucose, fructose, vitamin C, Mg,
Fe, and Zn in the variant with BF proves its importance as sustainable practice [12–14].
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BF could play a pivotal role, when reduction of phytic acid was considered [14], which is
supported in this research, too. Lower average concentration of antioxidants: phenolics,
GSH, and YP in sweet maize kernels could be explained by BF ability to increase stress
tolerance of plants [12].

The great differences in ability to accumulate essential minerals in sweet maize kernel
was brought by CC + BF combination, where the highest Zn concentration was obtained in
the winter oats + common vetch (T5) + BF combination. In contrast, fodder kale (T4) + BF
expressed the greatest impact on Mg and Mn concentration and winter oats (T3) without
BF application on Fe increase in maize kernels. The results support a statement that BF can
significantly affect Fe, Mn, and Zn concentration in plant tissues, but its impact mainly
depends on environment [8,37].

4.3. Potential Bio-Availability of Essential Elements

Since absorption and accumulation of essential elements in maize kernel depend on
various agro-ecological conditions [37,38], while further bio-availability from the kernel
during digestion depends on its chemical composition [9], it is important to evaluate rela-
tions between essential elements and factors that contribute or restrain their bio-availability.
This presents novelty of the research, promoting not just enhanced availability and accu-
mulation of essential elements in sweet maize kernel, but further bio-availability from
digested kernels, established by sustainable cropping system.

It was shown by PCA that high variability in concentration of Pphy and phenolics, as
the main factors that restrain availability of essential elements [9] was present in treatments
with common vetch (T1 and T1 + BF), winter oats (T3), as well as their mixture (T5).
Variation of Mg, Mn, and Zn in sweet maize kernels was observed in treatments with fodder
kale (T4), and winter oats (T3) + BF, while variation of Fe concentration was mainly related
to common vetch + winter oats + BF. It was shown that oats, mostly in combination with
rye, expressed a positive effect on rhizosphere microbial activity, increasing mycorrhizal
colonization of sweet maize roots, thus increasing mineral nutrients uptake [9], what is in
this research additionally supported by BF application.

However, organic mulch (T7), with and without BF application, as well as control
(T8) + BF expressed the highest impact on concentration of examined sugars, as well as
factors that enhance bio-availability of mineral elements: vitamin C and GSH in sweet
maize kernel. Previous research has shown that mulches (foils) expressed positive impact
on total sugar accumulation, while the highest concentration of vitamin C was in kernel of
sweet maize that was grown uncovered [39]. It was also established that some cropping
practices, like fertilization, and herbicide application [40] could affect carotenoids level in
sweet maize kernel, but data about CC influence on carotenoids accumulation in sweet
maize kernel are still unknown. In this research, concentration of YP, as another promoter,
varied mainly under the influence of fodder kale (T4) and common vetch + winter oats +
BF (T5 + BF), indicating that larger amount of organic residues (present after incorporation),
resulted in increased amount of available N in soil [7,11], thus affecting positively the yield
YP accumulation in kernels of sweet maize.

The factor that gives more precise information about potential bio-availability of
essential elements is their molar ratio with phytic acid. Since the lower values of ratio are
considered as a desirable trait [41–43], it could be assumed that CC + BF combinatiomn is
more important for reduction of this ratio than the impact of CC or BF sole. Accordingly,
the lowest value of Phy/Mg, Phy/Mn and Phy/Zn ratio was observed in T4 treatment
(fodder kale), while the lowest value of Phy/Fe was in T5 (common vetch + winter oats) +
BF combination. Higher CC biomass of the same treatments, indicated accumulation of
greater P amounts, which in the combination with slower mineralization could reduce P
availability to the main crop and thus the synthesis of phytic acid. It was reported that
crucifer CC are high in mycorrhizal microorganisms that scavenge P from a greater soil
volume, while, legume and cereal CC has predominantly phytate-mineralizing bacteria, as
well as P-solubilising bacteria in their rhizosphere, thus increasing P availability to the main
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crop [42]. Phenolics could also reduce the bio-availability of essential elements [17], so CC
with reducing potential of phenolics accumulation in maize kernel, such as fodder kale (T4)
and field pea + winter oats (T5) are advantageous. In general, higher values of ratio between
phytic acid and essential elements were noticed in BF variant, contributing to the increased
availability of essential macro- and micro-elements from poorly accessible forms [13,14,44].
It is important to emphasize that enhanced absorption of essential elements from the maize
kernel during digestion could be enhanced by the increased YP concentration [18,19], what
was obtained in variants without BF.

5. Conclusions

From the viewpoint of food security, sustainable practices, such as cover crops and
bio-fertilizers application, are able to increase not just soil fertility and crop yield but also
crop nutritional quality. Proper CC selection for particular agro-ecological conditions,
including climate and facilitates production of nutrient-dense food, which represents the
novelty of this study.

It was proven that stressful conditions of the season decreased kernel yield, Pphy, and
GSH concentration, but in parallel increased the nutritional quality of sweet maize kernel
through increased concentration of sugars, phenolics, YP, and essential elements (Mg, Fe,
Mn, and Zn). The importance of BF application was accentuated through enhancement
of the kernel yield, concentration of sugars, vitamin C, Mg, Fe, and Zn, with the reduc-
tion in Pphy concentration, thus positively affecting further potential bio-availability of
essential elements.

CC mixtures field pea + winter oats, and common vetch + winter oats, as well as
fodder kale are advantageous, providing greater biomass, as well as increase the sweet
maize kernel yield and concentration of sugars and antioxidants, together with reduction
in Pphy concentration. Even more, BF in combination with fodder kale enhanced Mg and
Mn concentrations in kernel. Winter oats + common vetch + BF increased Zn concentration,
while winter oats + BF enhanced Fe concentration. The same CC treatments, expressed
the highest impact on variability in concentration of anti-nutrients: Pphy and phenolcs,
as well as promoter-YP, thus affecting bio-availability of essential elements. Benefits of
organic mulch are reflected through increased concentration of sugars and GSH. The three
year study pointed that in semi-arid climate under rain-fed conditions, fodder kale and
winter oats + common vetch are suitable CC to enhance the sweet maize productivity and
in particular kernel quality, serving as an important part of sustainable cropping system,
facilitating food security.
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27. Rikovski, I.; Džamić, M.; Rajković, M. Practicum of Analytical Chemistry; Construction Book; Faculty of Agriculture: Belgrade,
Serbia, 1989. (In Serbian)

http://doi.org/10.1017/S0029665112002947
http://doi.org/10.1002/gch2.201600002
http://doi.org/10.1016/j.fcr.2011.12.012
http://doi.org/10.1017/S1742170511000469
http://doi.org/10.1007/s11104-005-2504-0
http://doi.org/10.1111/j.1747-0765.2005.tb00066.x
http://doi.org/10.1016/j.fcr.2011.05.006
http://doi.org/10.1023/A:1026037216893
http://doi.org/10.1023/A:1014408723664
http://doi.org/10.1186/1475-2859-13-66
http://www.ncbi.nlm.nih.gov/pubmed/24885352
http://doi.org/10.3390/agronomy11030407
http://doi.org/10.3390/agronomy10010039
http://doi.org/10.20546/ijcmas.2020.907.452
http://doi.org/10.1016/C2016-0-01986-1
http://doi.org/10.1080/10408398.2013.781011
http://doi.org/10.1111/1541-4337.12669
http://doi.org/10.2136/sssaj1965.03615995002900060025x
http://doi.org/10.1080/00103628409367568
http://doi.org/10.2298/APT1142011D
http://doi.org/10.1007/BF00040624
http://doi.org/10.15258/sst.2004.32.1.22
http://doi.org/10.5424/sjar/2014122-5222


Agronomy 2021, 11, 981 16 of 16

28. Wallace, J.M.; Williams, A.; Liebert, J.A.; Ackroyd, V.J.; Vann, R.A.; Curran, W.S.; Keene, C.L.; VanGessel, M.J.; Ryan, M.R.; Mirsky,
S.B. Cover Crop-Based, Organic Rotational No-Till Corn and Soybean Production Systems in the Mid-Atlantic United States.
Agriculture 2017, 7, 34. [CrossRef]

29. Nielsen, D.C.; Lyon, D.J.; Hergert, G.W.; Higgins, R.K.; Holman, J.D. Cover Crop Biomass Production and Water Use in the
Central Great Plains. Agron. J. 2015, 107, 2047–2058. [CrossRef]

30. Finney, D.M.; White, C.M.; Kaye, J.P. Biomass Production and Carbon/Nitrogen Ratio Influence Ecosystem Services from Cover
Crop Mixtures. Agron. J. 2016, 108, 39–52. [CrossRef]

31. Boselli, R.; Fiorini, A.; Santelli, S.; Ardenti, F.; Capra, F.; Maris, S.C.; Tabaglio, V. Cover crops during transition to no-till maintain
yield and enhance soil fertility in intensive agro-ecosystems. Field Crop. Res. 2020, 255, 107871. [CrossRef]

32. Appelgate, S.R.; Lenssen, A.W.; Wiedenhoeft, M.H.; Kaspar, T.C. Cover Crop Options and Mixes for Upper Midwest Corn-Soybean
Systems. Agron. J. 2017, 109, 968–984. [CrossRef]

33. Kramberger, B.; Gselman, A.; Kristl, J.; Lešnik, M.; Šuštar, V.; Muršec, M.; Podvršnik, M. Winter cover crop: The effects of
grass–clover mixture proportion and biomass management on maize and the apparent residual N in the soil. Eur. J. Agron. 2014,
55, 63–71. [CrossRef]

34. Kara, B.; Atar, B.; Gul, H. Effects of different sowing dates on protein, sugar and dry matter of sweet corn. Res. Crops 2012, 13,
493–497.
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