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ABSTRACT

Nutrient management plays a crucial role in the yield and quality of sweet corn. A field experiment was conducted
in consecutive two kharif seasons in 2018 and 2019 to investigate the effect of various organic sources of nutrients
in combination with inorganic sources on the yield and quality of sweet corn under new alluvial soils of West
Bengal, India. Treatments were: T1: Control (without fertilizers); T2: 100% recommended dose (RDF) of chemical
fertilizers (CF) (RDF CF100%); T3: 100% recommended dose of N (RDN) through vermicompost (VC) (RDN
VC100%); T4: 50 RDN through CF + 50% RDN through VC (RDN CF50% + RDN VC50%); T5: 50% RDF through
CF + 50% RDN through organic source (OS)1, Soligro (Ascophyllum nodosum) granular (RDN CF50% + RDN
OS150%); T6: 50% RDN through CF + 50% RDN through OS 2, Bioenzyme (liquid) (RDN CF50% + RDN
OS250%); T7: 50% RDN through CF + 50% RDN through OS 3, Opteine (Ascophyllum nodosum) filtrate [RDN
CF50% + RDN OS350%]; T8: 50% RDN through VC + 50% RDF through OS 1, Soligro (Ascophyllum nodosum)
granular (RDN VC50% + RDN OS150%). The OS of fertilizers were VC, SoliGro Gr (OS1) (Ascophyllum nodosum),
Bioenzyme liquid (OS2), and Opteine (Ascophyllum nodosum) filtrate (OS3). The inorganic source was traditional
CF applied at the RDF (150:75:75 kg ha−1 of N: P2O5:K2O). The VC was used to supply 100% RDN as one source
or 50% RDN when combined with CF or OS. Maximum fruit yield (10.75 and 10.79 t ha−1 in 2018 and 2019,
respectively) was recorded when RDF was substituted through CF only, being statistically at par with 50% CF
+ 50% VC on a nitrogen equivalent basis (9.92 and 10.00 t ha−1 in 2018 and 2019, respectively) and 100% VC
(8.22 and 8.32 t ha−1 in 2018 and 2019, respectively). Compared to chemical sources of nutrients, VC-based treat-
ments produced a larger percentage of large-size cob (>25 cm). The 100% VC increased antioxidant (8.35 and
8.45 mg g−1), carotenoid (0.59 and 0.61 mg/100 g), and phenol (55.06 and 55.02 mg 100 g−1) content compared
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with its 50% dose in combination with other sources. The study revealed the potentiality of organic sources
towards achieving improved cob quality of sweet corn.
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1 Introduction

Sweet corn (Zea mays L. saccharata), frequently referred to as sugar corn, is a hybrid type of maize (Zea
mays L.) that was specially bred to increase the sugar content and was obtained from the USA. It is cultivated
mainly for human consumption as a vegetable instead of a grain. The amount of sugar and starch in the
endosperm controls a crop’s sweetness, which is its primary determining factor [1]. The internal
conversion of sugar to starch in the kernel is mostly regulated by recessive gene mutations. Sweet corn is
not just a staple grain; it may be consumed fresh as a dessert item. Sweet corn is mostly consumed as a
vegetable instead of a grain and needs to be plucked during the milking stage, unlike field corn varieties
[2]. Additionally, the nutritional value of this crop has increased the demand among consumers. Kernals
contain 18%–20% carbohydrates, 5%–6% free sugars, 2.1%–4.5% proteins, 70% water, vitamin A and
many other minerals [3]. The sweetness, color, odor, and tenderness of sweet corn are the main attributes
perceived by the consumer and are therefore the most important attributes to be preserved [4].

Sweet corn is becoming increasingly popular in modern cooking as a foundation for salads, soups,
syrups, sweets, jams, creams, and other delicious dishes. Its feed is also very succulent, flavourful, and
easy to digest. Considering the potential to become one of the largest producers in the country, recently,
the local government has targeted increasing the area of maize crops. Sweet corn may be a suitable
option for inclusion in the system due to its shorter duration and industrial importance. To date, no such
agronomic research has been performed on this crop in the state of West Bengal. As an exhaustive crop,
it requires more nutrients to flourish. Therefore, maintaining the production of sweet corn requires careful
management of plant nutrients. Moreover, the use of chemical fertilizers at high rates can hamper soil
productivity and environmental quality [5]. In this context, the slow release of nutrients from organic
sources is very useful for preserving the soil nutrient balance and maintaining soil fertility [6]. This is
why the integration of organic and inorganic sources of nutrients helps to coordinate nutrient release with
crop needs and reduce the extent of chemical load due to environmental pollution [7]. A wealth of
research suggests that the use of nitrogenous chemical fertilizers under integrated nutrient management
speeds up mineralization by reducing the large C:N ratio of carbon-rich, low-nitrogen organic matter [8].
Additionally, this integration supports the long-term improvement of soil quality, the accumulation of soil
carbon, and the repair of secondary and micronutrient deficiencies, thus leading to sustainability [9,10].
Hence, in situations where horizontal land intensification is not possible, overall productivity must be
increased through the methodical application of environmentally sustainable techniques [10]. In this
regard, even environmentally benign biostimulants such as biozymes and seaweed extracts are becoming
increasingly important for maintaining agricultural productivity globally. Extracts from the seaweed
Ascophyllum nodosum (ANE) have been reported to exhibit growth-stimulating activities when applied
repeatedly at very low doses [11]. These extracts increase stress tolerance, nutrient uptake, growth, and
yield; reduce seed dormancy; enhance root systems, flowering [12], fruit quality, and taste [13]; and
significantly improve phytochemical activity and antioxidant content [14]. Seaweed extracts are complex
mixtures that include proteins, osmoprotectants, different types of carbohydrates, amino acids, and a tiny
amount of phytohormones [15,16]. The extract has potential applications as a foliar spray and presowing
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seed-soaking agent [17]. Integration of these biostimulants either through soil or foliar application with
organic and inorganic sources of primary nutrients might be more effective in supplying the nutrient
demands of an exhaustive crop such as sweet corn. Therefore, the present study was designed to evaluate
the impact of biostimulants combined with organic and inorganic nutrients on sweet corn productivity
and quality parameters.

2 Materials and Methods

2.1 Site Characteristics
The field experiment was conducted during the kharif seasons of 2018 and 2019 at the C block farm,

Kalyani, under Bidhan Chandra Krishi Vishwavidyalaya (BCKV), Nadia, West Bengal, India (22°57" N,
88°2" E, elevation 9.75 meters above the MSL). The climate at the trial site was subtropical, with
maximum and minimum temperatures ranging between 35.4°C and 11.70°C and between 36.1°C and
13.90°C during 2018 and 2019, respectively (Fig. 1). During both the experimental years of 2018 and
2019, the total rainfall was 1054.8 and 490.2 mm, respectively. The relative humidity ranged from 39.9%
to 95.2% and 43% to 91.6% in 2018 and 2019, respectively (Fig. 1). The maximum and minimum bright
sunshine hours observed were 7.5 to 4 h (2018) and 7.4 to 3.4 (2019) h day−1, respectively. The suitable
temperature for the growth of corn is 20°C, with 500–700 mm of rainfall during the crop growth period.
Poor grain formation may arise from the exceptionally high temperature and low humidity during
flowering, but based on the meteorological parameters prevailing during the period of experimentation, it
was evident that both years were favourable for sweet corn growth and development.

For NPK analysis, initial soil samples (0–30 cm depth) were taken to provide a general understanding of
the experimental field’s fertility state. The effective rhizosphere of the crop was mostly confined to the top
30 cm layer, for which we collected soil samples from the top 0–30 cm soil layer. The nutrient concentrations
may be lower at subsurface depths. The amount of accessible soil N was estimated using the hot alkaline
permanganate method [18]. The soil was extracted with 0.5 M NaHCO3, pH 8.5 [19], and the amount of
accessible phosphorus (P) was measured using a UV–VIS spectrophotometer. Using neutral normal
ammonium acetate as an extracting reagent, the amount of accessible potassium (K) in the soil was

Figure 1: Monthly rainfall, temperature, relative humidity, and sunshine hours for different months during
the crop growth periods of 2018 and 2019
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measured, and a flame photometer was used to determine the final amount [20]. The initial physicochemical
properties of the experimental soil are summarized in Table 1.

2.2 Experimental Details
Eight treatments, each of which was replicated three times, were arranged in a randomized block design

(RBD) experiment. The details of the treatments are as follows:

T1: Control (without fertilizers); T2: 100% recommended dose of chemical fertilizers (RDF CF100%); T3:
100% recommended dose of N through vermicompost (RDN VC100%); T4: 50% recommended dose of N
through chemical fertilizers + 50% recommended dose of N through vermicompost (RDN CF50% + RDN
VC50%); T5: 50% recommended dose through chemical fertilizers + 50% recommended dose of N
through organic source 1, Soligro (Ascophyllum nodosum) granular (RDN CF50% + RDN OS150%); T6:
50% recommended dose of N through chemical fertilizers + 50% recommended dose of N through
organic source 2, Bioenzyme (liquid) [RDN CF50% + RDN OS250%]; T7: 50% recommended dose of N
through chemical fertilizers + 50% recommended dose of N through organic source 3, Opteine
(Ascophyllum nodosum) filtrate [RDN CF50% + RDN OS350%]; T8: 50% RDN through VC + 50% RDF
through OS 1, Soligro (Ascophyllum nodosum) granular [RDN VC50% + RDN OS150%].

The overall fertilizer recommendation for sweet corn is 150-75-75 kg N-P2O5-K2O ha−1. Urea (46% N),
single superphosphate (16% P2O5), and muriate potash (60% K20) were used as chemical fertilizer sources.
For organic source 1, SoliGro Grp was applied as a basal application in the soil, while for organic sources
2 and 3, enzymes and opteine were applied as foliar sprays @ 625 ml ha−1 at 35 days after sowing (DAS).
The sweet corn variety Sugar-75, which is a short-duration (75–80 days) hybrid variety of maize with a
potential yield of up to 20 t ha−1 depending on the season, geography, and cultural practices (Syngenta,
India), was used as the test variety. The seeds were manually sown at 10 kg/ha during the first fortnight
of April. The plots were 5 m long and 4 m wide and had a 1 m long irrigation channel. The sowing was
performed at a distance of 40 cm row to row, followed by 20 cm plant to plant by the dibbling method,
and the seeds were placed at a depth of 2 cm and finally covered with soil. Presowing irrigation and light
irrigation were applied immediately after sowing at 5-day intervals according to the rainfall, especially
during the tasselling and silking stages.

Earthing was performed manually with a spade at 30 DAS to provide support to the plant. Preemergence
application of atrazine (Atratraf 50 WP) at 1.0–1.5 kg a.i. ha−1 in 600 litres of water at 2 DAS was used to

Table 1: Physio-chemical properties of the experimental soil

Properties Result Analytical methods employed

Physical properties Hydrometer method [21]

Sand (%) 54.8

Silt (%) 21.75

Clay (%) 23.45

Chemical properties

pH 7.04 Glass electrode Beckman pH meter (1:2.5:: Soil:Water) [22]

Organic Carbon (%) 0.45 Walkley and Black method [23]

Available N (kg ha−1) 188.9 Alkaline Permanganate method [18]

Available P (kg ha−1) 39.35 0.5 M NaHCO3 extractable Olsen’s Colorimetric method [19]

Available K (kg ha−1) 184.70 Flame Photometric method [20]
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treat weeds. Two manual weeding sessions were conducted at 20 and 40 DAS. At 35 DAS, 2 ml/L Solomon
water was applied to combat autumn armyworms and other insects. Dithane M-45 (Mancozeb) 75 WP @
2.5 g/L of water was used uniformly against both northern and southern maize blight at intervals of
15 days. In both growing seasons, sweet corn was manually harvested in the third week of July using a
sickle. The organic sources of nutrients that were used in the experiment are available in Table 2. The
cob yield was estimated based on a net plot (1 m × 1 m) area, and the fresh weight of the harvested cob
was expressed in kg/ha.

2.3 Preparation of Seaweed Sap
The use of an organic source of seaweed sap as a source of plant nutrients helps to lessen the negative

effects of chemical fertilizers by reducing their amount of use. For foliar applications, the preparation of

Table 2: Composition of Acadian powdered extracts of marine plants from Ascophyllum nodusum, vermicompost,
and biozyme

Constituents Seaweed concentration Vermicompost concentration Biozyme

Plant hormone (%) – – 78.87

IAA – – 32.2

GA3 – – 32.2

Zeatins – – 83.2

Nutrient minerals – – 1.86

Organic matter content (%) 45–55 – –

Alginic acid (%) 12–16 – –

Mannitol (%) 5–10 – –

Fucose Polymers (%) 13–17 – –

Amino acid (%) 4–6 – –

Other inorganic compounds (%) 10–12 – –

Ash (%) 45–55 – –

Nitrogen (%) 0.8–1.5 2.1–2.6 –

Phosphorus (%) 0.5–1.0 1.5–1.7 –

Potassium (%) 14–18 1.4–1.6 –

Sodium 3.0–5.0 – –

Calcium (%) 0.3–0.6 0.27 –

Magnesium (%) 0.2–0.5 0.41 0.14

Sulfur (%) 1.0–2.0 0.06 0.44

Copper (mg kg−1) 1–5 100 –

Manganese (mg kg−1) 8–12 1290 1200

Zinc (mg kg−1) 25–50 50 3700

Iron (mg kg−1) 75–250 1800 4900

Boron (mg kg−1) – – 3000

Others (%) – – 19.20
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seaweed sap is essential. Alkaline hydrolysis, arguably the most popular industrial hydrolysis technique, was
utilized to prepare the Ascophyllum nodusum extract. Using this approach, biomass from A. nodosum was
extracted at “relatively low” temperatures—between 70 and 100°C—in NaOH or KOH solutions.
Complex polysaccharides were broken down into smaller, lower molecular weight oligomers via this
process. When the A. nodosum biomass was treated with alkali, new chemicals were created that were
not previously present in the seaweed biomass. Hydrolysis chemicals (KOH) and components of brown
seaweed tissues interact to produce these compounds, which are the end products of condensation,
rearrangement, breakdown, and base-catalyzed synthesis processes [24]. Additionally, polyphenols in the
tissue are affected by alkali treatments of brown seaweed biomass, leading to a complicated range of
reaction products that rely on the original polyphenol hydroxylation pattern [24]. The alkali extract of
Ascophyllum is used in the production of three major commercial biostimulants: Acadian (Canada),
Seasol (Australia), and Maxicrop (United States).

2.4 Quality Assessment
Following the estimation of yield, the cobs were ready for quality examination. The skin and membranes

were removed by removing the grains, blending them using a homogenizer, and filtering them through gauze.
A slurry of sweet corn weighing between 10 and 20 g was made and stored in plastic bags independently for
every replication and treatment. After the bags were sealed, they were promptly kept at -70°C to facilitate the
study of sweet corn quality characteristics, including total sugar, total soluble solids (TSS), protein,
carbohydrate, ascorbic acid, carotenoid, and phenol contents.

The cobs were run through grading plates with a known diameter as soon as they were harvested. Next,
five distinct sizes of the fruits were graded: 25, 25–20, 20–15, 15–10 and 10 cm. The total sugar content was
determined by the Lane and Eynon method [25]. The total soluble solids (TSS) in sweet corn grain were
analysed at the milky stage of sweet corn by using a hand refractometer and expressed in °Brix 0.1%.
Using the phenol sulphuric acid method, the total carbohydrate content of sweet maize grain was
determined [26]. Using a modified micro Kjeldahl method, the wet digestion method was used to assess
the total nitrogen content of sweet maize grain [22]. The nitrogen content (%) in the grains was then
multiplied by a factor of 6.25 to determine the protein content in the grains for each treatment, which was
then represented as a percentage. Based on early determinations, the average N content of proteins was
found to be approximately 16%, which led to the use of a factor of 6.25 (100/16). N × 6.25 should be
used because proteins are composed of chains of amino acids joined by peptide bonds. This protein is
sometimes referred to as a “true protein”. A spectrophotometric approach, as described by Sadasivam
et al. [25], was used to estimate the beta-carotene content. By combining 2,4-dinitrophenyl hydrazine
(DNPH) with the ketonic groups of dehydroascorbic acid by the oxidation of ascorbic acid by
2,6 dichlorophenolindophenol (DCPIP), which forms a yellowish orange color under acidic conditions,
the total ascorbic acid content was determined [27]. The total phenol content was determined
spectrophotometrically [28]. Two grams of sample was ground in a mortar and pestle in a 10 × volume of
80% ethanol. Extracts (100 µl) were diluted in 2.9 ml of distilled water, 0.5 ml of Folin-Ciocalteu
reagent, and 20% Na2CO3, and the mixture was allowed to stand for 90 min. The absorption was
measured against the reagent blank in a UV–VIS spectrophotometer at 760 mm. The total phenol content
was calculated by using a standard curve and is expressed as mg/100 g. A calibration curve was drawn
with standard catechol, and the results are expressed as catechol equivalents (mg CE/100 g fresh weight).

2.5 Statistical Analysis
The data for each parameter from the 2-year experiment were subjected to statistical analysis using

analysis of variance (ANOVA), and the effect of treatments was evaluated by standard procedures as
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described by Gomez et al. [29]. Post hoc Duncan’s multiple range test (DMRT) was carried out at a 0.05%
probability (p ≤ 0.05) level.

3 Results

3.1 Yield of Sweet Corn as Influenced by Various Organic and Inorganic Sources of Nutrients
Various treatments have a substantial impact on the cob production of sweet corn (Fig. 2). The maximum

corn yield (10.75 and 10.79 t ha−1 in 2018 and 2019, respectively) was noted in the treatment comprising
100% RD supplied through CF, representing an approximately 150% increase in yield. It was noted that
the application of nutrients through a suboptimal dose of chemical fertilizer with seaweed extract always
produced a lower yield than a full dose of nutrients either through the sole application of organic and
inorganic fertilizer or their combination. However, the corn yield of soliGro Gr in combination with
vermicompost was lower (5.31 and 5.48 t ha−1 in 2018 and 2019, respectively) than that of the other
organic sources (OS) with chemical fertilizer.

3.2 The Quality of Sweet Corn as Influenced by Various Organic and Inorganic Sources of Nutrients
For all the treatments, the maximum proportion of cobs was in the 15–20 cm layer. Concerning RDN,

the percentage of cob sizes larger than 25 cm was greatest in the VC100% treatment group, followed by the
VC50% + OS1 and VC50% + CF50% RDN treatment groups (Fig. 3).

Figure 2: Yield of sweet corn influenced by various organic sources of nutrients in combination with
inorganic fertilizers during the crop growing periods of 2018 and 2019. T1: Control plot where no
fertilizers were applied; T2: 100% recommended dose through chemical fertilizers (RDF CF100%); T3:
100% recommended N dose through vermicompost (RDN VC100%); T4: 50% recommended N dose
through chemical fertilizers + 50% recommended N dose through vermicompost (RDN CF50% + RDN
VC50%); T5: 50% recommended dose through chemical fertilizers + 50% recommended N dose through
organic source 1, Soligro (Ascophyllum nodosum) granular (RDN CF50% + RDN OS150%); T6: 50%
recommended N dose through chemical fertilizers + 50% recommended N dose through organic source 2,
Bioenzyme (liquid) [RDN CF50% + RDN OS250%]; T7: 50% recommended N dose through chemical
fertilizers + 50% recommended N dose through organic source 3, Opteine (Ascophyllum nodosum) filtrate
[RDN CF50% + RDN OS350%]; T8: 50% recommended dose N through vermicompost + 50%
recommended N dose through organic source 1, Soligro (Ascophyllum nodosum) granular [RDN VC50%

+ RDN OS150%]. The means followed by the same letters in a column are not significantly different at
the p ≤ 0.05 level. The ±SE (standard error) in each treatment was estimated from three replications
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During the first year (2018), the control treatment yielded the greatest percentage of cobs that were
smaller in size (10–15 cm). However, in the second year, the RDN VC50% + OS1 treatment produced the
highest percentage of large fruits (>25 cm) among all the treatments. When a half dose of N was applied
through chemical fertilizers along with organic sources, a greater percentage of large-size cobs were

Figure 3: Effect of fertilizer sources on sweet corn cob grade during 2018 and 2019. T1: Control plot where
no fertilizers were applied; T2: 100% recommended dose through chemical fertilizers (RDF CF100%); T3:
100% recommended N dose through vermicompost (RDN VC100%); T4: 50% recommended N dose
through chemical fertilizers + 50% recommended N dose through vermicompost (RDN CF50% + RDN
VC50%); T5: 50% recommended dose through chemical fertilizers + 50% recommended N dose through
organic source 1, Soligro (Ascophyllum nodosum) granular (RDN CF50% + RDN OS150%); T6: 50%
recommended N dose through chemical fertilizers + 50% recommended N dose through organic source 2,
Bioenzyme (liquid) [RDN CF50% + RDN OS250%]; T7: 50% recommended N dose through chemical
fertilizers + 50% recommended N dose through organic source 3, Opteine (Ascophyllum nodosum) filtrate
[RDN CF50% + RDN OS350%]; T8: 50% recommended dose N through vermicompost + 50%
recommended N dose through organic source 1, Soligro (Ascophyllum nodosum) granular [RDN VC50%

+ RDN OS150%]
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noted, particularly in the RDN VC50% + OS1 treatment. The different quality parameters of sweet corn,
namely, total sugar content (%), TSS (°Brix), total carbohydrate (%), protein (%), carotenoid (mg/100 g),
ascorbic acid (mg g−1), and phenol (mg/100 g), were significantly influenced by different organic and
inorganic fertilizer sources and their combinations; however, the lowest value was obtained in the control
plot only (Tables 3 and 4).

The maximum corn sugar content (19.56% and 19.77% in 2018 and 2019, respectively) was recorded
after the application of the entire dose of recommended chemical fertilizer (RDF CF100%), which was on par
with the 50% of the recommended dose of chemical fertilizer and 50% of the recommended dose of soliGro

Table 3: Effect of organic and inorganic fertilizer sources on the total sugar content (TSS), carbohydrate
content and protein content of sweet corn

Treatments Total sugar (%) TSS (0Brix) Carbohydrate
(%)

Protein (%)

2018 2019 2018 2019 2018 2019 2018 2019

T1: Control 13.53d 11.39d 7.70e 8.03e 10.97 c 11.30d 9.45b 9.65c

T2: RDF CF100% 19.56a 19.77a 11.45d 11.33d 22.13a 22.37a 13.18 a 13.23 a

T3: RDN VC100% 15.13bcd 16.61bc 14.50b 14.73bc 18.27b 18.53bc 9.70b 9.91 c

T4: RDN CF50% + RDN VC50% 15.84bc 18.18ab 14.90b 15.20b 23.35a 23.39a 11.96ab 12.17ab

T5: RDN CF50% + RDN OS150% 19.33 a 19.62a 13.87bc 14.20bc 17.97 b 18.10c 9.34 b 9.69 c

T6: RDN CF50% + RDN OS250% 14.39cd 14.69c 17.57a 17.87a 18.63b 18.97bc 9.53 b 9.78 c

T7: RDN CF50% + RDN OS350 % 16.70b 17.47ab 12.83cd 13.13c 17.99b 18.32bc 9.55 b 10.05 c

T8: RDN VC50% + RDN OS150 % 17.13b 17.70ab 15.10b 15.43b 20.65ab 21.32ab 10.50ab 10.81bc

Note: The means followed by the same letters in a column are not significantly different at the p ≤ 0.05 level; Please indicate the number of replicates,
RDF: Recommended dose of fertilizer; CF: Chemical fertilizer; VC: Vermicompost; OS1: Soligro (Ascophyllum nodosum) granular; OS2: Bioenzyme
(liquid); OS3: Opteine (Ascophyllum nodosum) filtrate.

Table 4: Effect of organic and inorganic fertilizer sources on the carotenoid, ascorbic acid, and phenol contents
of sweet corn during 2018 and 2019

Treatments Carotenoid
(mg 100 g−1)

Ascorbic acid
(mg g−1)

Phenol
(mg 100 g−1)

2018 2019 2018 2019 2018 2019

T1: Control 0.36d 0.37b 1.55d 1.49d 40.24d 40.58e

T2: RDF CF100% 0.55ab 0.56a 3.89b 3.96b 51.27ab 51.35ab

T3: RDN VC100% 0.59a 0.61a 8.35a 8.45a 54.97a 55.06a

T4: RDN CF50% + RDN VC50% 0.52abc 0.54a 4.60b 4.70b 49.28abc 49.32bc

T5: RDN CF50% + RDN OS150% 0.42bcd 0.43b 2.34cd 2.44cd 43.27cd 43.31de

T6: RDN CF50% + RDN OS250% 0.39cd 0.40b 2.52cd 2.58c 44.49cd 44.83cde

T7: RDN CF50% + RDN OS350 % 0.40cd 0.41b 2.81c 2.90c 48.12bc 48.46bcd

T8: RDN VC50% + RDN OS150 % 0.57a 0.58a 2.72c 2.89c 46.43bc 46.32cde

Note: The means followed by the same letters in a column are not significantly different at the p ≤ 0.05 level; Please indicate the number of replicates.
RDF: Recommended dose of fertilizer; CF: Chemical fertilizer; VC: Vermicompost; OS1: Soligro (Ascophyllum nodosum) granular; OS2: Bioenzyme
(liquid); OS3: Opteine (Ascophyllum nodosum) filtrate.
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on a nitrogen-equivalent basis (19.33% and 19.62% in 2018 and 2019, respectively), with 44.56% and 73%
of the total sugar enhancement occurring in 2018 and 2019, respectively.

During the experimental period, the total soluble solid (TSS) content was significantly influenced by
different treatment combinations. The maximum TSS values (17.57 and 17.870 Brix in 2018 and 2019,
respectively) were observed for corn receiving 50% of the recommended dose of chemical fertilizer along
with 50% of the recommended dose of bioenzymes (liquid) on a nitrogen equivalent basis (RDN CF50%
+ RDN OS250%), which was significantly greater than that of the other treatments. Interestingly, the full
dose of the recommended fertilizer (RDF CF100%) resulted in less TSS among all the treatment combinations.

The highest carbohydrate content (23.35% and 23.37% in 2018 and 2019, respectively) was obtained
when sweet corn was treated with a 50% recommended dose of chemical fertilizer along with a 50%
recommended dose of vermicompost on a nitrogen equivalent basis (RDN CF50% + RDN VC50%), which
was statistically at par with RDFCF100%. It was also observed that different seaweed combinations
resulted in significantly good results.

The maximum corn protein content (13.18% and 13.23% in 2018 and 2019, respectively) was obtained
with the application of an entire dose of the recommended chemical fertilizer, i.e., RDFCF100%, which was
statistically at par with the 50% recommended dose of chemical fertilizer along with the 50% recommended
dose of vermicompost on a nitrogen-equivalent basis (RDN CF50% + RDN VC50%). Concerning this trait, we
observed that different seaweed applications combined with the recommended chemical fertilizer failed to
influence the protein content of sweet corn.

A significant maximum carotenoid content (0.59 and 0.61 mg/100 in 2018 and 2019, respectively) was
obtained with the application of an entire dose of vermicompost in nitrogen equivalent, i.e., RDN VC100%,

which was statistically at par with the values obtained from the corn treated with RDF CF100% and RDN
VC50% + RDN OS150%.

The ascorbic acid content of sweet corn varied under the different fertilizer treatments. The maximum
ascorbic acid (8.35 and 8.45 mg g−1 under 2018 and 2019, respectively) content was obtained when the entire
dose of the recommended vermicompost (RDN VC100%) was applied, which was found to be significantly
superior to the other treatments.

The optimal dose of fertilizer supplied either through chemical or organic sources produced more
phenolic compounds than did the suboptimal dose or control treatments. The maximum corn phenol
content (54.97 and 55.06 mg 100 g−1 in 2018 and 2019, respectively) was recorded following the
application of a full dose of vermicompost on a nitrogen-equivalent basis (RDN VC100%).

4 Discussion

4.1 Yield of Sweet Corn as Influenced by Various Organic and Inorganic Sources of Nutrients
The entire dose of either vermicompost or chemical fertilizer or their combined application at 50% was

superior for achieving higher sweet corn cob yields. In this experiment, the maximum cob yield was observed
when chemical fertilizers were applied at the full dose. The increase in cob yield under the recommended
dose of nutrients applied through chemical fertilizers might be attributed to the faster rate of
mineralization, which could increase the availability of nutrients for crops compared to organic sources.
Thus, the yield advantage of the application of a full dose of chemical fertilizer was mainly due to its
ability to supply essential plant nutrients, which in turn resulted in increased nutrient uptake. Xiao et al.
[30] also reported quick nutrient release from chemical fertilizers over organic sources in supporting
short-duration crops. Furthermore, the increase in yield with the integrated application of chemical and
vermicompost shows the role of organic manure in crop growth and development in the reproductive
phase. In terms of providing nutrient components in the available form, the combined application of
chemical and vermicompost was also shown to be promising. In addition to vital minerals and
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growth-promoting compounds, there was a gradual release of nutrients from organic sources with faster
release from the CF. This finding conformed to the findings of other workers [31], who reported higher
yields with VC in combination with CF. During mineralization, the essential nutrients were released and
utilized for proper synthesis, which ultimately resulted in enhanced plant growth and grain setting in
sweet corn. This resulted in better yield components for which we obtained higher crop yields.

4.2 The Quality of Sweet Corn as Influenced by Various Organic and Inorganic Sources of Nutrients
In this experiment, full doses of chemical fertilizer yielded more cobs vis-à-vis the total production of

sweet corn than either a suboptimal or no amount of fertilizer. When a full dose of fertilizer was applied
through organic and/or chemical sources, as opposed to no fertilizer application, the number of larger-
sized sweet corn cobs increased due to higher levels of available nutrients within the soil and their greater
uptake. Large fruits under organic cultivation have been reported previously [32].

The higher crude protein content of chemically fertilized crops was associated with greater nitrogen
availability in the soil from the chemical fertilizer, which in turn resulted in greater N uptake by the crop.
The increased availability of N from chemical sources plays an important role in the synthesis of nucleic
acids and proteins. Similar findings were also reported by previous workers [33,34], who reported higher
crude protein in conventionally grown sweet corn than in organic corn. The increased availability of soil
N in the chemically treated plot may have also contributed to the higher sugar and carbohydrate contents
in the fully chemically treated corn. This, in turn, may have led to a greater accumulation of assimilates
(sugars and starch) in the sink (sweet corn kernels). Similar results of increased sugar and carbohydrate
contents with increasing levels of inorganic fertilizers were reported by Bala et al. [35]. Additionally, the
abundance of various plant nutrients found in the ANE, including potassium, phosphorus, zinc, copper,
and others, combined with other growth regulators, helps to speed up the buildup of photosynthates, or
sugar and starch, in corn. The results of our experiments were consistent with those of Pramanik et al.
[36], who reported that foliar spraying of seaweed along with chemical fertilizer resulted in increased
sugar content. However, vermicompost combined with chemical fertilizer also improved the sugar,
carbohydrate, and protein contents of sweet corn. This could be due to greater solubilization of nutrients
in the root zone by the organic acids produced during vermicompost decomposition, which increases the
uptake of nutrients and improves photosynthetic and metabolic activities, resulting in better partitioning
of photosynthates to sinks [35]. According to our present study, Obaid et al. [37] achieved a greater TSS
content after foliar spraying of bioenzyme-treated muskmelon crops, which was also in line with our
results. Compared to chemical fertilizers, vermicompost added secondary nutrients as well as
micronutrients to the soil. Micronutrients such as Cu, Mn, and Zn play a significant role in many vital
metabolic processes and are cofactors of antioxidant enzymes.

The major secondary metabolites of sweet corn are ascorbic acid and total phenolics. The C/N balance
theory states that when inorganic fertilizers are applied, nitrogen is easily available to plants and results in the
production of compounds with high N content, such as protein for growth; however, when organic sources of
nutrients are applied, the availability of N is limited due to slow release, and plant metabolism triggers the
production of carbon-containing compounds, such as starch and cellulose, and non-N-containing secondary
metabolites, such as phenolics and terpenoids [38]. In our experiment, VC application to sweet corn crops
resulted in low soil available N and increased ascorbic acid and phenolic compound levels. These
findings were in line with the findings of other investigators [39] who reported the abundance of phenolic
phytochemicals in organically cultivated broccoli, blueberries, grapefruits, peppers, plums, potatoes,
strawberries, and tomatoes. Murmu et al. [40] also reported greater amounts of ascorbic acid with a full
dose of vermicompost. However, ANE did not show any desirable performance in the presence of
ascorbic acid, and the phenol content might be due to the higher nitrogen content in vermicompost than
in ANE. A greater carotenoid content might result from the slow and steady addition of both macro- and
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micronutrients to the soil, which increases plant absorption of these nutrients. This might have happened
either through the complete dosage of vermicompost and seaweed or from their combination [41]. A full
dose of vermicompost increased the amount of carotenoids. Micronutrients such as zinc, copper, and
magnesium are important for metabolic activities and work with antioxidant enzymes as cofactors [42].

5 Conclusion

From the findings of this two-year study, it can be concluded that the application of 100% of
the recommended dose of vermicompost or 50% of the recommended dose of vermicompost + 50% of
the recommended chemical source resulted in a greater yield of sweet corn. However, 100% of the
vermicompost had greater antioxidant (8.35 and 8.45 mg g−1), carotenoid (0.59 and 0.61 mg 100 g−1),
and phenol (55.06 and 55.02 mg 100 g−1) contents than did 50% of the other treatments in combination
with other sources. In addition, Ascophyllum nodosum extract increased the total sugar and TSS contents.
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