
Citation: Shio, B.J.; Guo, S.; Zhang,

R.; Tanveer, S.K.; Hai, J. Diverse

Planting Density-Driven Nutrient

and Yield Enhancement of Sweet

Corn by Zinc and Selenium Foliar

Application. Sustainability 2022, 14,

5261. https://doi.org/10.3390/

su14095261

Academic Editors: Anup Das,

Subhash Babu, Jayanta Layek,

Raghavendra Singh and Ramkrushna

Gandhiji Idapuganti

Received: 21 March 2022

Accepted: 24 April 2022

Published: 27 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Diverse Planting Density-Driven Nutrient and Yield
Enhancement of Sweet Corn by Zinc and Selenium
Foliar Application
Bosco Justin Shio 1, Shaomin Guo 1, Ruifang Zhang 1, Sikander Khan Tanveer 2 and Jiangbo Hai 1,*

1 Department of Crop Cultivation and Farming System, College of Agronomy, Northwest A&F University,
Xianyang 712100, China; osco.shio@nwafu.edu.cn (B.J.S.); guoshaomin0325@nwafu.edu.cn (S.G.);
2019050002@nwafu.edu.cn (R.Z.)

2 Wheat Programme, Crop Sciences Institute, National Agricultural Research Centre, Park Road Islamabad,
Islamabad 44000, Pakistan; sikander.tanveerk@parc.gov.pk

* Correspondence: haijiangbo@126.com; Tel.: +86-13389221092

Abstract: Corn (Zea mays L.) is one of the major cereal crops cultivated worldwide. Zinc and selenium
are important nutrients for humans and plants, and their deficiency is a cause for concern in most
developing countries. Sweet corn fertilized with zinc and selenium can mitigate this problem.
Therefore, the objective of this study was to investigate the effects of fertilization with Zn and Se on
the yield and quality of sweet corn varieties under different planting densities. The experimental
design used was a split-plot based on a randomized complete block design with three replications.
Compared to the control, significant differences were recorded in grain yield, leaf area index, and
plant height (i.e., Zn/Se + density + variety) treatments. Non-significant differences in the number of
kernels per cob, sugar content and crude protein were recorded under different treatments. Significant
differences in grain yield, water-soluble sugar, and zinc and selenium content in grain were recorded.
Grain yield was higher in Selenium than in Zinc treatments, with a mean difference of 0.05 t ha−1. We
conclude that grain yield and selenium content in grain were influenced by selenium foliar application,
while water-soluble sugar and zinc content in grain were influenced by foliar zinc application.

Keywords: zinc; selenium; sweet corn; diverse planting density; nutritional value

1. Introduction

Cereal crops such as corn (Zea mays L.), rice, and wheat account for 45% of the
world’s edible dry matter and up to 60% of the daily caloric intake in various developing
countries [1]. It has remained a staple food crop worldwide for an extended period [2].
About 94 developing countries in the world get their food calories from corn, wheat, and
rice. According to an estimate, about 900 million people out of 4.5 billion people are
poor consumers, among whom corn is the most commonly used staple food [3,4]. Poor
diet and micronutrient deficiency of zinc and selenium appear to be a big problem in
developing countries, leading to food insecurity and low quality food [5,6]. A lack of
51 essential nutrients in the human body can lead to metabolic issues, health complications,
malnutrition, and social costs in the community [7–10]. Micronutrient deficiency has an
enormous negative effect on the food and feed production chain [11].

Micronutrient availability for plant uptake relies on different factors, i.e., soil type and
crop variety [12]. In China, micronutrient content in soils is very low due to the dominance
of calcareous and alkaline soils, and 40% of the land has a micronutrient deficiency. These
micronutrient deficiencies, including zinc and selenium, affect crop yield and nutritional
value in sweet corn production [13–15].

Micronutrients are necessary for plant growth and development because micronutri-
ents help increase grain yields while also improving grain nutrient quality [16,17]. Micronu-
trients can boost grain yield by 50% while improving macronutrient utilization [18,19]. As
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a result, micronutrients can play an important role when combined with other nutrients
to achieve optimal results. In various cropping zones, specific mineral nutrients, supple-
mented as chemical fertilizer, have become particularly important for plant growth and
production [20]. Plants need zinc and selenium as essential nutrients for their standard and
healthy growth and development. The ability to select appropriate genotypes based on
genetic differences in Zn uptake between crop varieties and species could be a promising
approach to the Zn problem. A foliar spray of Zn and selenium fertilizer improves Zn and
selenium concentration in grain [21,22].

Sweet corn throughout the world is widely grown with many adaptable species, which
can be grown in all environmental conditions, from arid to very humid areas. Because genes
influence the synthesis of endosperm and its use as a vegetable, some species differentiate
it from other crops [23].

Sweet corn (Zea mays L.) is a cereal vegetable crop that is highly needed worldwide
due to its higher kernel protein, oil, starch, and sugar content compared to other corn
types [24]. Sweet corn has mutations that prevent starch synthesis in kernels, which leads
to the buildup of a significant quantity of soluble sugars, such as fructose, sucrose, and
reducing sugars [25]. Sweet corn is famous for its taste and nutritional value. Its perishable
crop products are consumed fresh when in the milking stage or used in the processing
industry, with corn kernels canned or used as frozen food immediately after harvest. Sweet
corn is rich in selenium, chromium, zinc, copper, nickel, and iron micronutrients [26].
Creamy texture, sweetness, a pleasing aroma, high yield, kernel color, and germination are
a few of the best characteristics of sweet corn [27]. Sweet corn’s physiological stages need
good water and nutrient supply to achieve high yields [28]. Due to its specialty, sweet corn
is well suited for human consumption [29].

In the case of sweet corn, selecting a suitable variety is significant because it impacts
sweetness, cob weight, cob length, plant length and sugar content, flavor, texture, etc. [30]. It
has also been reported that this variety can cause more noticeable changes in the simulation
of ecosystem exchange and latent heat flux [31].

Selenium (Se) is an essential element of the glutathione peroxide component of sweet
corn because it can eliminate free radicals and peroxide in cells. Selenium is also a con-
stituent of many other enzymes and proteins [32]. Selenium has physical-chemical and
antioxidative properties concerning its reaction to promote plant growth. Selenium’s low
concentration encourages plant growth, adding up to the activities of the antioxidant en-
zymes due to its antioxidant system capacity [33]. Growth stimulation is performed with
the selenium element at a low level. At elevated levels, selenium appears to be toxic to many
plants. This is due to the non-specific incorporation of selenium into sulfur compounds
and oxidative stress. While selenium deficiency is common in areas with low soil selenium,
it appears toxic in areas with high soil selenium [34]. Species, phases of development, and
physiological conditions are the main cut points of selenium distribution in different plant
parts [35].

Several studies have found that applying zinc to plants significantly impacts plant
life, consequently increasing the production of carbohydrates and proteins by enhancing
the growth of root systems [32]. During periods of drought, this helps the plant to thrive
by maximizing the use of soil humidity [36]. Zinc is essential in pollination; the seed sets
up water and nutrient transportation from root to shoot, whereas a deficiency results in
a reduction in seed formation and yield production [37,38]. Zinc is an enzyme activator,
and as a result, many metabolic processes are activated. Zinc helps in nitrogen uptake
and influences protein quality, carbon anhydrase activity, and abiotic and biotic stress
resistance [5,28,39]. Many researchers worldwide are working to combat zinc deficiency,
especially in arid and semi-arid corn, wheat, and rice-growing regions [40,41]. At its
early stage, sweet corn is susceptible to biotic and abiotic stress resulting in grain yield
reduction [42,43]. Zinc foliar application is a quick and straightforward way of rectifying
the plant nutrition status for wheat and maize [44,45]. Using an external supply of zinc
can also boost the yield potential of the maize crop. Zinc foliar application promotes
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maize grain accumulation, and zinc concentration in maize grain correlates with zinc
concentration in leaves [46].

Planting density affects grain yield, canopy photosynthesis, and biomass accumula-
tion. It improves solar radiation timing interception. It improves the interval-to-interval
interception of solar radiation. When planting density reaches its maximum, grain yield
tends to decline, and this is due to the high interplant competition, which limits the sup-
ply of carbon and nitrogen and ultimately decreases the kernel number. Hybrid corn
has a stable yield for a wide range of planting densities due to tillers that can adjust the
yield [47]. Growth and development traits are affected by plant density, with low density
plants showing greater photosynthetic CO2 assimilation and higher stomatal conductance.
Sustainable crop production can be achieved by maximizing plant density, employing
knowledge-based practices, and using efficient fertilizers [48]. A high yield response to
higher density is recommended if the maize yield potential is high [49–51]. To better balance
and synchronize nutrient delivery and crop demands, the 4R principle can be applied to
knowledge-based fertilizer use approaches at the correct rate, time, product, and placement.
All these combined strategies are effective in yielding [52]. At the same time, high planting
density favors taller plants and has fewer tillers per plant, lower fresh shoot biomass, and a
greater leaf area index [53]. An increase in planting density is primarily attributed to the
rise in yield rather than rising per plant yield, and this is because per plant yield potential
remains the same while maize achievement at high planting density improves [54]. Sweet
corn yield and quality can be increased by increasing the fertilization amount and density.
Previously, research focused on this issue. Few studies have examined the impact of foliar
zinc, selenium, and planting density on the quality of a crop’s yield. As a result, this study
examined the impact of foliar zinc and selenium applications on sweet corn variety yield
and quality at various planting densities.

2. Materials and Methods
2.1. Experimental Location

Field experiments were conducted during the summer growing seasons of 2020 and
2021 at the Doukou wheat and corn demonstration research station of Northwest Agricul-
ture and Forestry University, Jingyang County, Xianyang City, Shaanxi Province, China
(34◦36′ N, 108◦52′ E). The area’s altitude is 427.4 m. During the trial period for seasons 2020
and 2021, the mean temperature was 27.7 and 27.04 ◦C, respectively. The mean precipitation
was 93.8 mm for the 2020 season and 65.98 mm for 2021 (Figure 1). A loam soil type was
used in the experiment’s location. Seedbed preparation included ploughing and harrowing.
Soil samples were taken from five randomly chosen locations before planting. A soil auger
was used to drill three times at a depth of 0–20 cm for each point. Samples were air-dried,
ground, and sieved before being stored in special bags. The chemical properties of later
samples were examined [55], determining the effective components of organic matter, pH,
available nitrogen, phosphorus, potassium, zinc, and selenium. The total soil carbon was
determined by the Walkley–Black method using potassium dichromate, and the organic
matter was calculated by multiplying the total carbon by 1.724. pH was determined by
a pH meter. Soil total nitrogen was determined by sodium chloride extraction and the
Kjeldahl method. The Olsen method was used to determine the amount of phosphorous
available. Available phosphorous was extracted from soil by shaking at 180 rpm for 30 min
with a 0.5 M sodium bicarbonate (NaHCO3) solution. After filtering the extractant (150 mm
MN 619 G filter paper), the P concentration in the extract was determined using an 882-nm
spectrophotometer. Available potassium was extracted from soil by shaking at 200–300 rpm
for 30 min with a 1 N ammonium acetate (NH40 Ac) solution. After filtering the extractant,
the K concentration of the extract was determined using a flame photometer set to 767 nm.
DTPA–TEA–AAS determined the available Zn and Se. As a result, the total nitrogen content
was 1.46 g kg−1, available phosphorus content was 17.69 mg kg−1, available potassium
content was 189.2 mg kg−1, organic matter content was 18.02 g kg−1, pH 7.9, available zinc
content was 0.18 mg kg−1, and total selenium content was 0.10 mg kg−1; see Table 1.
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Figure 1. Meteorological data: Total monthly precipitation and mean monthly temperature; the left
side is season 1, and the right side is season 2.

Table 1. Chemical properties.

Total Nitrogen Available Phosphorus Organic Matter Available Potassium pH

1.46 g kg−1 17.69 mg kg−1 18.02 g kg−1 189.2 mg kg−1 7.9

Test Materials

Corn varieties Shan tian 2012 (corn varieties bred by Northwest A & F University) and
Cai tian nuo 2012 (provided by the Special Corn Research Laboratory of the Agricultural
College of Northwest Agriculture and Forestry University). The micro-fertilizers tested
were zinc sulfate heptahydrate and selenium-rich ion fertilizer.

2.2. Experimental Design and Treatment

A split-plot based on a randomized complete block design was used for the experimen-
tal design. The main areas of each variety were designed with three planting densities (D1),
3.75 × 104 plants ha−1, (D2), 4.4 × 104 plants ha−1, and (D3), 5.25 × 104 plants ha−1. Their
copulation was maintained through plant spacing, whereby sweet corn’s sexual expression
is strongly influenced by the length of the daily illumination period. It divides sexes into
different flowers on the plant, a condition known as monoecy, making outcrossing and
copulation easier [56,57]. The trace elements zinc and selenium, as a sub-area, were foliar
sprayed on the leaf surface. Water spraying was used as a control. The plot size was
7 m × 3 m per treatment, with 60 cm row spacing. Plant spacings varied between 46 cm,
39 cm, and 33 cm to adjust the density Figure 2. Rotary tillage was conducted. Phos-
phate fertilizer used diammonium phosphate (N-P2O5-K2O); the ratio was 16:44-0, and the
dosage was 375 kg ha−1 before sowing. Nitrogen fertilizer was urea (nitrogen-containing
46.4%, 300 kg ha−1), pressed before the sowing and jointing stages, respectively. The zinc
and selenium were sprayed on leaf surfaces, and the concentration of zinc was 2 g L−1.
Selenium fertilizer was used according to the instructions for selenium-rich ion fertilizer
(fertilizer and water 1:500 preparation). The spraying was performed when plants were at
the six-leaf, eight-leaf, and ten-leaf stages. Spraying was performed in calm conditions to
reduce evaporation and splashback. The zinc sulfate heptahydrate and selenium-rich ion
fertilizer rates were 12 kg ha−1 and 12 L ha−1, respectively. Seed sowing was performed
using a hand drill machine, calibrated to plant three seeds per drill. Uniform weeding was
performed in plots throughout the crop seasons of 2020 and 2021. Field management was
performed according to the actual local production.
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Figure 2. Field layout. CK: Control, Zn: zinc, Se: selenium, V1: variety 1, V2: variety 2, De1: planting
density 1, De2: planting density 2, De3: planting density 3.

2.3. Sampling Procedures and Analysis

In determining leaf area and plant height, six representative sweet corn plants were
selected at tassel and maturity stages to determine leaf area and plant height. The length of
the midrib and the width of the leaf were measured with a ruler, and the area of a single
leaf was obtained by the coefficient method.

Single leaf area index = leaf midvein length× length width× coefficient (0.75)

In principle growth stages 7 and 8, the fresh-eating of sweet corn, the number of ears
in the 3-m sample section in the middle of each plot was counted. The total fresh ears were
weighed to calculate the yield of fresh ears; 10 representative ears were selected from each
treatment, counting the number of kernels per cob, and the fresh kernels were shelled off.
After weighing, the fresh grain yield was calculated.

At the maturity stage, plant height was recorded in the field. Six plants from each
plot were selected. A tape measure was used to measure each plant’s height and record
the measurement.

The Kjeldahl procedure determines crude protein using a K9840 Kjeldahl Analyser
(Hanon Shandong Scientific Instruments Co., Ltd., Jinan, Shandong, China) [58]. There are
three important steps in this process: For the first 90 min, the sample was digested in 380 ◦C
boiling concentrated H2SO4 before the catalyst was introduced and allowed to dissolve and
oxidize completely. Ammonium sulfate, a byproduct of the nitrogen transformation, was
produced. The ammonia was subsequently determined with a volumetric acid solution or
by back titration, and the crude protein content was calculated by multiplying the total N
by the amount of NaOH solution (lye) [59].

The sugar Brix refractometer, “Brix”, refers to a measurement scale for soluble solids
in a liquid. Sweet corn sugar content is one of the factors for quality, and Brix performs
the measurement of this quality in a very simple and rapid way to show sucrose content.
Fresh kernel in the amount of 12 g from six ears was squeezed to extract sweet corn milk.
Then, sugar content was measured after adding the extracted sweet corn milk to the Brix
refractometers and recording the result, which was calibrated automatically by the Brix
refractometers [39].



Sustainability 2022, 14, 5261 6 of 16

Water-soluble sugar content was determined by the Anthrone method: In an anthrone
reaction rate assay, mix a sample of 0.5 to 10 g (or dry sample powder 5–1000 mg), put it in a
large test tube with 15 mL of distilled water, boil in a boiling water bath for 20 min, remove,
cool, and filter the residue several times with distilled water in a 100 mL volumetric flask,
constant volume to scale [40].

Zn concentrations were determined using atomic absorption spectrometry (AA320
CRT; Shanghai Analytical Instrument Overall Factory, Shanghai, China) [60]. Material
was steeped in nitric acid and then cleaned with deionized water before use. Grains were
mixed in a mixer mill (Retsch MM400 GmbH, Haan, Germany). Samples in crucibles were
heated until smoke stopped, then placed in a 550 ◦C furnace for 6 h. Soaked in 5 mL of
1:1 HNO3, the ash was then cleaned and put into a 50 mL volumetric flask with deionized
water. Finally, the test solution was measured by atomic absorption spectrometry.

Grains were mixed in a mixer mill (Retsch MM400 GmbH). Thermo Elemental SO-
LAAR M6 atomic absorption spectrometry was used to measure the selenium level in grain
flour following mineralization in HNO3 and HClO4 [61].

2.4. Data Processing

Data were analyzed using SPSS 26.0 and Origin Pro 2021 to make graphs, while the Duncan
test method was used for multiple comparisons and significance difference analysis.

3. Results
3.1. Grain Yield, Yield Parameters, and Nutritional Values

The variety affected grain yield, leaf area, plant height, zinc, selenium, and sugar
content, while kernels per cob, crude protein, and water-soluble sugar were unaffected
(Table 2). Furthermore, grain yield, leaf area, plant height, water-soluble sugar, sugar
content, zinc, and selenium were significantly affected by trace elements. Planting density
significantly affected leaf area, while grain yield, kernel per cob, plant height, crude protein,
water-soluble sugar, zinc, selenium, and sugar content were not significantly affected. In
the cases of grain yield, kernel per cob, and leaf area, no significant interactions between
variety and planting density were recorded, but it significantly affected zinc. Also, the
interaction between trace elements and density affects zinc. Interaction between varieties,
trace elements, and planting density significantly affected water-soluble sugar and zinc.

Table 2. Analysis of variance on yield parameters and nutritional value during two cropping seasons:
2020 and 2021.

Source of
Variation GY KPC LA Phe CP Sol Su Zn Se

VA * ns *** *** ns ns *** *** ***
TE * ns * ** ns *** ** * *
DE ns ns *** ns ns ns ns ns ns

VA*TE * * * ns ns ns ns ns ns
VA*DE ns ns ns ns ns ns ns * ns
TE*DE ns ns ns ns ns ns ns * ns

VA*TE*DE ns ns ns ns ns * ns *** ns
GY: Grain yield, KPC: kernel per cob, LA: leaf area, Phe: plant height, CP: crude protein, Sol: water-soluble sugar,
Su: sugar content, VA: variety, TE: trace element, DE: planting density, Se: selenium, Zn: zinc, ns: non-significant,
* significant at p < 0.05, ** significant at p < 0.01, *** significant at p < 0.001.

For both varieties (Cai tian nuo 2012 and Shan tian 2012) and planting densities, i.e.,
D1 (3.75 × 104 plants/ha−1), D2 (4.5 × 104 plants/ha−1), and D3 (5.25 × 104 plants/ha−1),
there were statistically significant differences between mean grain yields, leaf areas, and
plant heights in zinc and selenium treatments as compared to control treatments for both
crop seasons, i.e., 2019–2020 and 2010–2021, while there was no statistical difference be-
tween the mean kernel per cob in all treatments, varieties, and planting densities for the
summer cropping seasons, i.e., 2020 and 2021; see Table 3.
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Table 3. Grain yield, leaf area, plant height, and kernel per cob as affected by foliar application,
variety, and planting density.

2019–2020 Summer Cropping Season 2010–2021 Summer Cropping Season

Treatment GY
(t ha −1)

KPC
(g)

LA
(cm2)

Phe
(cm)

GY
(t ha −1)

KPC
(g)

LA
(cm2)

Phe
(cm)

V1 CKD1 2.247 42.2 647.0 203.8 2.244 40.6 672.6 191.8
V1 CKD2 2.348 40.7 623.7 227.3 2.419 41 683.3 202.4
V1 CKD3 2.732 41.8 623.4 217.0 2.679 41.5 659.4 203.7
V1 ZnD1 2.547 * 41.2 657.3 * 248.8 * 2.499 * 40.6 671.3 * 220.5 *
V1 ZnD2 2.463 * 40.5 637.2 * 250.0 * 2.405 * 39.2 681.9 * 222.6 *
V1 ZnD3 2.451 * 40.8 671.2 * 251.2 * 2.385 * 38.7 710.8 * 223.8 *
V1 SeD1 2.558 * 42.8 637.8 * 252.7 * 2.505 * 42.8 649.3 * 218.6 *
V1 SeD2 2.7 * 40.8 614.6 * 250.3 * 2.685 * 39.7 669.6 * 222.3 *
V1 SeD3 2.665 * 41.3 649.4 * 232.3 * 2.60 * 40.7 707.8 * 216.6 *
V2 CKD1 2.383 40.8 494.7 214.5 2.311 40.3 501.6 195.4
V2 CKD2 2.58 42.5 498.6 216.2 2.526 41.3 496.1 194.4
V2 CKD3 2.435 41.2 557.1 217.2 2.419 38.8 574.9 196.8
V2 ZnD1 2.691 * 42.2 519.6 * 225.0 * 2.645 * 42 550 * 202.9 *
V2 ZnD2 2.702 * 42.7 552.7 * 215.0 * 2.702 * 42.3 564.6 * 200.8 *
V2 ZnD3 2.857 * 44.7 579.8 * 224.7 * 2.855 * 43.1 592.8 * 202.3 *
V2 SeD1 2.733 * 43.0 521.2 * 229.3 * 2.75 * 42.3 548.4 * 204.4 *
V2 SeD2 2.618 * 42.0 586.7 * 223.7 * 2.6 * 41.4 593.6 * 201 *
VSeD3 2.602 * 42.2 574.7 * 225.3 * 2.645 * 41.1 580.7 * 203.9 *

GY: grain yield, KPC: kernel per cob, LA: leaf area, Phe: plant height, * significant at p < 0.05 using the Duncan test.

During crop season 2020, the mean grain yields for the control, Zn, and Se treatments
were 2.3, 2.61, and 2.64 t ha−1, respectively, in a planting density of 3.75 × 104 plants/ha−1

(DE1). The main grain yield for the control, Zn, and Se treatments was 2.46, 2.59, and
2.66 t ha−1 for a planting density of 4.5 × 104 plants/ha−1 DE2, while the planting density
of 5.25 × 104 plants/ha−1 DE3 in the control, Zn, and selenium treatments was 2.58, 2.65
and 2.63 in the first and third treatments, i.e., planting density one (DE1) and two (DE2). The
control was different from the zinc and selenium treatments, while the zinc and selenium
treatments showed a slight difference from each other.

During crop season 2021, the mean grain yields for the control, Zn and Se treatments
were 2.24, 2.52 and 2.61 t ha−1, respectively, in a planting density of 3.75 × 104 plants ha−1

for DE1; the main grain yields for the control, Zn, and Se treatments were 2.52, 2.62 and
2.66 t ha−1 for a planting density of 4.5 × 104 plants ha−1 DE2, while the planting densi-
ties of 5.25 × 104 plants ha−1 for DE3 in the control, Zn, and Selenium treatments were
2.51 t ha−1, 2.58 t ha −1 and 2.61 t ha −1, respectively. The second and third planting
densities for the control and zinc were different from those for selenium, while for planting
density one (D1), the control, zinc, and selenium were different from one another. Com-
pared to the mean grain yield values of seasons one and two, 2021 and 2021, those of season
one were higher than those of season two; see Figure 3.

The zinc and selenium treatments had no effect on the number of kernels per cob
in crop seasons 2020–2021. For the first crop season (2019–2020) and second crop season
(2010–2021), there were no significant variations in leaf areas across treatments in terms of
planting density two and three (D2, D3). The zinc and selenium treatments had effects on
leaf area. In the case of both crop seasons, i.e., 2019–2020 and 2010–2021, plant heights were
positively affected by the zinc and selenium treatments, where the zinc treatment appeared
to have more effect than the selenium treatment; see Figure 4.
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Figure 3. Treatment effect on grain yield for both cropping seasons; the left side represents season
2019–2020, and the right side represents season 2010–2021. DE1: planting density 1. DE2: planting
density 2, DE3: planting density 3, Zn: Zinc, Se: Selenium CK: control. The error bars are the standard
error of the mean. Different letters mean there is a statistical difference at p < 0.05.

3.2. Nutritional Values

During the 2020 crop season, the foliar application of zinc and selenium was recorded
as having statistically significant differences between the means of water-soluble sugar
within varieties and planting density, while crude protein and sugar content were not
significantly affected when compared to the control treatment. In the crop season of 2021,
there were statistically significant effects on crude protein and sugar content of the zinc
and selenium treatments, while there were no significant effects on water-soluble sugar:
Table 4 and Figure 5.

Table 4. Crude protein, water-soluble sugar, zinc, selenium, and sugar content are affected by foliar
application, variety, and planting densities in seasons 2020 and 2021.

2019–2020 Summer Cropping Season 2010–2021 Summer Cropping Season

Treatment Cp (%) Sol (%) Su (%) Zinc (%) Se (%) Cp (%) Sol (%) Su (%) Zinc (%) Se (%)

V1 CKD1 14.42 0.55 14.05 0.038 1.148 12.82 0.61 14.20 0.036 1.144
V1 CKD2 14.57 0.49 14.97 0.035 1.128 13.30 0.54 14.58 0.035 1.253
V1 CKD3 14.40 0.54 14.58 0.035 1.186 13.53 0.58 14.15 0.036 1.144
V1 ZnD1 14.32 0.62 * 14.97 0.041 1.177 13.58 * 0.61 14.72 * 0.041 1155
V1 ZnD2 15.50 0.63 * 15.08 0.041 1.218 13.18 * 0.64 14.43 * 0.039 1.242
V1 ZnD3 14.98 0.59 * 14.68 0.032 1.337 13.83 * 0.68 14.13 * 0.032 1.278
V1 SeD1 14.58 0.56 * 15.25 0.039 1.373 13.67 * 0.60 15.02 * 0.038 1.229
V1 SeD2 15.37 0.58 * 15.02 0.042 1.325 13.47 * 0.63 14.83 * 0..41 1.221
V1 SeD3 14.43 0.61 * 14.78 0.040 1.235 14.18 * 0.68 14.78 * 0.039 1.208
V2 CKD1 12.58 0.51 15.18 0.038 1.083 15.00 0.55 15.18 0.038 1.150
V2 CKD2 13.27 0.53 16.05 0.043 1.083 14.82 0.56 15.72 0.042 1.109
V2 CKD3 12.55 0.53 15.92 0.040 1.145 14.93 0.55 15.60 0.040 1.134
V2 ZnD1 12.97 0.60 * 16.45 0.040 1.161 14.98 * 0.66 16.08 * 0.040 1.185
V2 ZnD2 12.73 0.61 * 16.27 0.043 1.102 15.38 * 0.64 16.15 * 0.042 1.161
V2 ZnD3 13.17 0.61 * 16.10 0.047 1.160 15.65 * 0.67 16.13 * 0.045 1.154
V2 SeD1 12.97 0.58 * 15.90 0.048 1.185 15.63 * 0.63 15.57 * 0.046 1.204
V2 SeD2 12.20 0.58 * 16.63 0.035 1.140 15.28 * 0.64 160.2 * 0.035 1.186
V2 SeD3 12.68 0.60 * 16.32 0.043 1.149 15.13 * 0.63 160.2 * 0.043 1.169

CP: crude protein, Sol: water-soluble sugar, Su: sugar content, Zn: zinc, Se: selenium, * significant at p < 0.05
using Duncan test.
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Figure 4. Effect of the applied treatment on kernel per cob, leaf area index, and plant height for
both crop seasons; the left side represents season 2019–2020, and the right side represents season
2010–2021. DE1: planting density 1, DE2: planting density 2, DE3: planting density 3, CK: control,
Zn: zinc, Se: selenium. The error bars are the standard error of the mean. Different letters mean there
is a statistical difference at p < 0.05.
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Figure 5. Crude protein, water-soluble sugar, and sugar contents as affected by the treatment.
DE1: planting density 1, DE2: planting density 2, DE3: planting density 3, CK: control, Zn: zinc,
Se: selenium. The error bars are the standard error of the mean. Different letters mean there is a
statistical difference at p < 0.05.
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4. Discussion

This study shows that some statistically significant effects on grain yields were
recorded under the different foliar applications of zinc and selenium fertilizer treatments
during different cropping seasons. Compared to the second crop season, slightly higher
grain yields were recorded in the first cropping season. This variation may be due to
seasonal climate change [38].

In both crop seasons, applying zinc and selenium treatments increased grain yields
compared to the control treatment. During the first cropping season, grain yields were
seen to be more positively affected than during the second cropping season. This reveals
that zinc treatment can increase maize grain yield. Potarzycki et al. [62,63] also reported
that zinc influences grain yield. Furthermore, as seen in Table 3, selenium also impacted
grain yield, as Nawaz et al. [64] reported. Foliar application of Se lowers osmotic potential,
which improves turgor pressure and antioxidant system activity and thus increases grain
yield [22].

Variety two (Table 3) of both seasons of zinc treatment shows an increase in grain yield
as planting density increases. Previous studies also show that an increase in planting density
increases grain yield, as reported by Farnham et al. [65], while Gozubenli et al. [66] reported
that grain yields increased with increasing planting densities up to 90,000 plants ha−1. A
further increase in planting densities decreased the grain yields.

Furthermore, zinc and selenium have a significant role in plant and human life,
and zinc affects nitrogen metabolism, photosynthesis, and resistance to abiotic and biotic
stresses [63], while plants’ tolerance to UV-induced oxidative stress is enhanced by selenium,
which delays senescence and increases growth [67].

The kernel number per cob was not significantly affected by any other treatment
during either of the crop seasons. There were slight differences in all treatments and
seasons, even in their statistical mean values. This can be corroborated by the study carried
out by Germ and Stibilj (2007). Testa et al. [68] also showed that higher planting density
negatively affects kernel number and weight per row.

Variety, trace elements, and planting density significantly affected plant height. A
slight increase in plant height with increasing plant density was recorded for both crop
seasons (Table 3). A previous study by Shelton et al. [69] also reported that plant height
increases with higher density. It has also been reported that the application of zinc has
significant effects on plant height, such as in Hisham et al. [70]. Similar studies on the effect
of selenium have been written by Naseem et al. [71], while the effect of variety on plant
height was reported by Fahrurrozi et al. [72].

During both crop seasons, the application of zinc significantly affected the leaf area
index (Table 3). During the second crop season, the leaf area recorded was 496.1 cm2,
while in the first crop season, the leaf area recorded was 494.7 cm2. The highest value of
707.8 cm2 was recorded in the second crop season, indicating that zinc application increased
nitrogen, which increased leaf area. The results are similar to those of Peddapuli et al. [73].
It has also been reported that the application of zinc increases amino acids, tryptophan,
and IAA, which ultimately contribute to leaf area expansion [74,75]. In the 2019/2020
season, the leaf area index was not significantly affected, but in season 2020/2021, plant
density two and planting density three were significantly affected (Figure 4), indicating
that increasing planting density has an impact on the leaf area index. This result is in
agreement with the findings of Abuzr et al. [76]. The application of zinc and selenium
treatments did not significantly affect the crude protein in either crop seasons compared
to the control treatment. During the second crop season, a higher value (15.65%) with
zinc application was recorded in planting density three (Table 4). This slight increase in
crude protein may be due to seasonal changes compared to the previous season. Zinc is
an essential source of protein metabolism [41] and stability due to the vital involvement
of zinc in protein synthesis [77]. Planting density had a negative impact on crude protein
because it increased nutrient competition, which resulted in lower crude protein levels.
Both zinc and selenium treatments did not affect sugar content in the first cropping season.
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In contrast, in the second cropping season, it was significantly affected. Still, the statistical
means show that the highest value was in the first season with variety two, treated with
selenium and planting density two. The lowest value, 1.402%, was recorded in season
one, treated with water (control) and planting density one. With all that, the influence
of variety on sugar content was observed and the results were similar to the previous
findings of Li L et al. [30], according to which, sugar content is influenced by the variety
and harvesting time. Similar results have also been reported by Haddadi et al. [78]. It has
also been reported that differences in varieties and harvesting times affect sugar content,
while a delay in harvesting time increases starch content. Zinc and selenium both had
positive effects on the sugar content of sweet corn with slight differences in each season,
which were, however, not statistically significantly different from each other. The results are
similar to the findings of Adamec et al. [79], according to which, the application of zinc at a
dose of 30 mL in 10 L of water does not increase the total sugar in corn, and they concluded
that genotype has a significant effect on the total sugar in grain at the milking stage.

Selenium foliar spray fertilizer influences the selenium content of the grain quality. At
different stages, sprayed selenium fertilizer concentration impacts the selenium content
of fresh-eating sweet corn grain, and this reflects our result in Figure 5 for both seasons
in density one. Syomina et al. reported that planting density or crowding of crops is
directly proportional to reducing their content in the grain [80]. The foliar spraying of
selenium fertilizer increases selenium content in sweet corn grain at the large bell and tassel
stages [81]. Furthermore, selenium spraying at different concentrations and stages could
improve sweet corn grain’s sugar degree, as seen in Table 4. There is no evidence that
selenium has any detrimental effects on plant development when used in plant growth
supplements. The distribution of selenium in grain for baking purposes is critical [82].
When you compare the inner parts of the grain (the endosperm and germ) to that of the
outer parts (the seed coat), you will notice that selenium fertilizer increases selenium in the
inner part of the grain, which Lyons et al. support [83]. Moreover, several studies show
that selenium accumulation is dependent on both dose and plant growth stage [84].

Biological systems in plants, humans, and animals rely on zinc as a micronutrient. Zinc
is essential for protein synthesis, enzyme activation, and membrane integrity in plants [85].
When applied to plants with zinc fertilizer, they increase micronutrients in their edible
parts [86]. This is also seen in our result in Figure 5. The zinc content is different compared
to that of the control. Furthermore, the foliar application of zinc is the best option for
accumulation and improving grain zinc. When foliar zinc fertilizer is applied to plants
during the reproductive stage, it is quickly transported to the plant’s reproductive structure.
Zinc is absorbed through the leaf epidermis and transported into the grain via phloem via
Zn-regulating transporter proteins, resulting in increased Zn bioavailability [87]. Figure 5
shows that density one in both seasons performs well, highlighting planting density and
its effect on grain content [80].

5. Conclusions

This two-year study, which had 18 treatments, was conducted to determine the effects
of zinc and selenium on different planting densities and varieties of sweet corn. This study
showed that there was a significant difference between the control, zinc, and selenium
treatments on sweet corn grain yield and nutritional value, i.e., water soluble sugar and
the zinc and selenium content on grain. Grain yield and selenium content in grain were
positively influenced by selenium foliar application, while water-soluble sugar and the
zinc content in grain were positively influenced by foliar zinc application. Furthermore,
increasing planting density increased grain yields.
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