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ABSTRACT 

To increases production through agronomic procedures, fertilizer levels demand careful care in shifting climatic 

conditions that might boost a crop's value. To determine the effect of different levels of combined with or without ZnSO4 

and NPK levels on the growth and yield of high protein corn, an experiment was conducted using different treatments, 

application with and without ZnSO4, and NPK levels (Fertilizer 1 100-40-20kgha-1; Fertilizer 2 130-40-20kgha-1; 

Fertilizer 3 160-40-20kgha-1; Fertilizer 4 100-40-60kg ha-1; Fertilizer 5 130-40-60kgha-1; Fertilizer 6 160-40-60kg ha-1). 

There was a significant interaction effect on plant stand at harvest, plant height at harvest, ear height, ear length, ear 

harvest per plot, kernel row per ear, number of kernels per ear, the weight of 1000 kernels, and estimated kernel yield, 

according to the results. The application of ZnSO4 and NPK levels at 130-40-60kgha-1 and 10kg ZnSO4 boosted the 

growth and yield parameters of high protein corn, according to the study's findings. The use of fertilizer combinations 

during crop production was found to be effective, contributing to the enhanced yield. 
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INTRODUCTION 

In terms of economics, one of the primary variables that a producer may adjust to influence the yield of a specific 

crop is the integrated plant nutrient. Increased output through agronomic procedures, fertilizer levels, and plant 

spacing necessitate special care under changing climatic conditions that might boost a crop's worth. Corn (Zea mays 

L.) is a versatile cereal crop produced in tropical and temperate climates around the world. Increased competition 

among individual plants at progressively greater plant densities for finite resources such as N incident 

photosynthetically active sunlight, fertilizer management, and soil moisture results in increased plant-to-plant 

variability in modern corn production systems (Rao, 2013). Corn has a high nutritious value, despite its reputation 

as a poor man's diet. It's high in protein, fat, fiber, and vitamins and minerals like folate, iron, niacin, phosphorus, 

magnesium, copper, and zinc, as well as other nutrients like folate, iron, niacin, phosphorus, magnesium, copper, 

and zinc. Corn also contains lysine and tryptophan, two vital amino acids with a variety of health benefits (Salazar, 

2016). An agronomical method that has been researched is increasing plant population density. This crop approach 

has evolved and will continue to evolve through time, with the most significant change being in the agronomic 

management aspect. Meanwhile, climate change must be addressed at the household level for poor and vulnerable 

individuals who rely on agriculture to be adequately targeted in research and development initiatives aimed at 

O
rig

in
a

l A
r
ticle

 
International Journal of Mechanical and Production 

Engineering Research and Development (IJMPERD) 

ISSN (P): 2249–6890; ISSN (E): 2249–8001 

Vol. 11, Issue 4, Aug 2021, 137-146 

© TJPRC Pvt. Ltd. 



138                                                                                                                                                                                       Arnold V. Damaso 

 
Impact Factor (JCC): 9.6246                                                                                                                                           NAAS Rating: 3.11 

alleviating poverty. The use of NPK levels and Zinc Sulphate in corn production has a significant impact on agricultural 

climate change (Damaso, 2020). This research was established to support white corn production and promotion on a 

national level, including the creation of a more stable supply of white corn to meet the preferences of different regions, as 

well as the adaptation and dissemination of newly developed improved white corn varieties as a staple food alternative 

(Damaso, 2020). In general, the purpose of this study was to determine how nutrient management (NPK levels) and the 

application of with and without Zinc Sulphate (ZnSO4). affected the development and yield performance of high protein 

corn Its specific goals were to determine the effect of various levels of nutrient management with or without Zinc Sulphate 

(ZnSO4) on the growth and yield of high protein corn, as well as the interaction effect of NPK levels and the application of 

with and without Zinc Sulphate (ZnSO4), and the effect of the application with and without Zinc Sulphate (ZnSO4) that 

would yield the highest yield. 

MATERIALS AND METHODS 

The Split-plot in Randomized Complete Block Design (RCBD) was used in this investigation, which consisted of three 

blocks, each subdivided into three plots that represented the primary treatment (application of with and without Zinc 

Sulphate (ZnSO4)) and sub-treatment (NPK Levels). The experimental area was laid out 4 meters wide and 5 meters long 

(4m x 5m) with a total of 20 square meters per plot and a 1.5-meter distance between blocks and 1.5 meters between plots 

were provided to maintained and ensure the full confinement of the applied fertilizers to avoid contamination. The 

experiment was carried out at the experimental area of Nueva Ecija University of Science and Technology, Gabaldon 

Campus, Gabaldon, Nueva Ecija, Philippines. In this investigation, the following treatments were used: A1 with ZnSO4 (10 

kg ha-1) and A2 without ZnSO4 are the main treatments (0) as well as for Sub-treatment: Levels of NPK: Fertilizer 1-100-

40-20kgha-1; Fertilizer 2 - 130-40-20kgha-1; Fertilizer 3- 160-40-20kgha-1; Fertilizer 4 - 100-40-60kg ha-1; Fertilizer 5-130-

40-60kgha-1; Fertilizer 6-160-40-60kgha-1. This study used a total experimental area of 2,000 square meters. This study 

used conventional tillage, which was fairly flat, well-drained, and assessed for suitable corn growing before being plowed 

and appropriately harrowed until the appropriate tilt was achieved. 

EXPERIMENTAL OBSERVATION AND DATA ANALYSIS 

In this study, growth and yield parameters such as plant stand at harvest (percent), plant height at harvest (cm), ear height 

(cm), ear length (cm), ear harvest per plot (percent), kernel row per ear, number of kernels per ear, the weight of 1000 per 

kernels (g), and computed kernel yield were gathered to measure the results of various treatments (ton ha-1). All of the 

information gathered was categorized and tallied. The split-plot in Randomized Complete Block Design was evaluated 

using Analysis of Variance (ANOVA) (RCBD). The ANOVA was performed using the International Rice Research 

Institute – Statistical Tool for Agricultural Research (IRRI-STAR) version 2.0.1, and the means were compared using 

Tukey's Honest Significant Difference (HSD) Test at 0.05 and 0.01 percent confidence levels. 

The Experimental Site's Physicochemical Characteristics of Soil 

After the investigation, physicochemical properties of soil were determined from a composite soil sample taken from the 

experimental field at a depth of 0-25cm. The soil texture of the soil is clayey, and pH values varied from 5.8 to 6.03, which 

were moderately acidic and not on par with neutral soils, according to the results of the analysis of the chemical 

characteristics to the application of 10 kg ha-1 ZnSO4 soil. The soil contained very little organic matter, ranging from 0.8 to 

1.14 percent, and very little total nitrogen, ranging from 0.04 to 0.057 percent. Available phosphorous and exchangeable 



Application with and without Zinc Sulphate (Znso4) and Npk Levels on the                                                                                         139 

Growth and Yield Performance of High Protein Corn (Zea Mays L)  

 

www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

potassium were detected in the ranges of 24.07 to 40.32 ppm and 108.46 to 130.53 ppm, respectively. The amount of 

accessible zinc in the soil was measured and rated as corrective to maintenance, with a range of 0.7 to 1.57 ppm. However, 

the analysis of no application of ZnSO4 indicated that the texture of the soil, pH value, organic matter, total nitrogen, 

available phosphorus, exchangeable potassium, and available zinc were noted in all treatments with the range and ratings 

of clayey; 5.89 to 6.05 – moderately acidic; 1.07 to 1.15% – very low; 0.053 to 0.06% – very low; 29.96 to 39.57 ppm – 

very high; 129.45 to 116.92 ppm – very high and 0.76 to 1.17 ppm – corrective to maintenance, respectively. Corn will 

adapt well to well-drained clayey, sandy loam to silty loam soil, according to Rao et al., (1995). As a result of the 

aforementioned, the soil texture is appropriate for corn production. 

Table 1: The Experimental Site's Physicochemical Characteristics of Soil 

Treatments 
Texture 

of Soil 
pH 

EC 

(mS/cm) 

OM 

(%) 

Total 

Nitrogen 

(N) (%) 

Phosphorous 

(P2O5) (ppm) 

Potassium 

(K2O) 

(ppm) 

Available 

Zinc 

(ppm) 

WZnSO4F1 Clayey 5.8 0.21 0.80 0.0400 24.07 108.46 0.66 

WZnSO4F2 Clayey 5.97 0.27 0.97 0.0485 31.00 130.53 0.96 

WZnSO4F3 Clayey 6.00 0.21 0.97 0.0485 26.06 118.79 0.85 

WZnSO4F4 Clayey 6.03 0.22 1.04 0.0520 28.96 122.07 0.70 

WZnSO4F5 Clayey 5.96 0.24 1.14 0.0570 36.56 118.79 1.08 

WZnSO4F6 Clayey 5.86 0.25 1.08 0.0540 40.32 126.59 1.57 

WoZnSO4F1 Clayey 6.05 0.28 1.06 0.0530 33.72 116.92 0.76 

WoZnSO4F2 Clayey 5.90 0.23 1.20 0.0600 39.57 124.06 0.97 

WoZnSO4F3 Clayey 5.89 0.28 1.14 0.0570 34.28 128.43 1.17 

WoZnSO4F4 Clayey 6.03 0.26 1.15 0.0575 34.39 129.45 0.76 

WoZnSO4F5 Clayey 5.99 1.07 1.07 0.0535 29.96 123.19 0.84 

WoZnSO4F6 Clayey 6.04 0.25 1.06 0.0530 33.99 128.08 0.78 

 

RESULTS AND DISCUSSIONS 

The impact and interaction of NPK levels, as well as the application of with and without Zinc Sulphate (ZnSO4) on the 

growth and yield performance of high protein corn, were studied in field trials. The following sections examine the 

findings of the study's parameters, namely: plant stand, plant height at harvest (cm), ear height (cm), and ear length (cm). 

Growth Parameters 

The results showed that NPK levels had a significant (p≤0.05) impact on plant stand at harvest, but that there was no 

significant interaction between ZnSO4 application and NPK levels. Fertilizer 6 had the highest plant stand at harvest, at 

160-40-60kg NP2O5K2O ha-1, with a mean of 99.33 percent, whereas Fertilizer 3 had the lowest plant stand at harvest, at 

160-40-20kg NP2O5K2O ha-1, with a mean of 96.80 percent (Table 2a). Higher fertilizer levels (NPK and ZnSO4) boosted 

plant growth and development by improving nutrient uptake and enhancing photosynthetic material translocation, as well 

as reducing plant mortality due to nutrient competition, resulting in increased plant survival and as plant density increased, 

so did nitrogen need (Singh and Singh, 2002). Plant height of high protein corn as influenced by application with and 

without ZnSO4 and NPK levels (Table 2b) was substantially affected (p≤0.01) by application with and without ZnSO4 and 

NPK levels. The maximum plant height of 267.17 centimeters was achieved with the application of ZnSO4 at rates of 100-

40-20 kg NP2O5K2O + 10 ZnSO4 kgha-1 whereas the minimum plant height of 229.67 centimeters was achieved without 

the application of ZnSO4 at rates of 100-40-60 kg NP2O5K2O ha-1. The findings revealed that varied fertilizer levels in 

combination with zinc sulphate treatment enhanced plant height, boosted root growth, and strengthened the stem against 
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lodging during protracted vegetative development. Plant height increased under these conditions if other environmental 

parameters, such as moisture and soil fertility, did not limit plant growth. Khalil et al. (1988); Bakht et al. (2006); Masood 

et al. (2011); Jeet et al. (2012); Seyyed et al. (2012); Adeniyan (2014) found that several fertilizer combinations improved 

plant height, and coupled application of Zn (2 percent) and NPK levels considerably boosted plant height. Application of 

ZnSO4 and NPK levels significantly (p≤0.05) affected the ear height of high protein corn, however, there was no 

significant interaction between the application of ZnSO4 and NPK levels (Table 3a). With a mean of 89.02 centimeters and 

87.52 centimeters, respectively, the application without ZnSO4 differed considerably from the application with ZnSO4. On 

the other side, Fertilizer 2 had the highest NPK levels, with a mean of 89.80 centimeters and a rate of 130-40-20 kg 

NP2O5K2O ha-1. Regardless of the 10 kgha-1 of ZnSO4 used in the soil to aid improve and boost the growth of the plants, 

the results showed that applying zinc sulphate increased ear height. The effect of application with and without ZnSO4 on 

the ear length of high protein corn, as well as NPK levels, were substantially (p≤0.01) affected by ear length. Sillanpaa, 

(1990); Chang et al., (2007); and Alloway, (2007) all found similar results (2008). With no ZnSO4 applied, the largest ear 

length (19.63 centimeters) was recorded at a rate of 160-40-60 kg NP2O5K2O ha-1, whereas the shortest ear length (17.40 

centimeters) was reported at a rate of 100-40-20 kg NP2O5K2O + 10 kg ZnSO4 ha-1 (Table 3b). The results showed that as 

the fertilizer rate was increased in response to multi-nutrients applied to corn, ear length increased significantly, indicating 

that further rate increases did not affect any increment, which could be due to antagonistic effects of some nutrients to plan 

complex phenomena that occurred when nutrients were used in combination. 

Table 2a: Interaction Effect of Application with and without ZnSO4 and NPK Levels on Plant Stand at Harvest 

(%)(p ≤0.05) (p ≤0.01) HSD on the Growth Performance of High Protein Corn 

Application of ZnSO4 

Plant Stand at Harvest (%) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 98.40 97.87 96.00 97.87 96.80 99.20 97.69 

Without ZnSO4 97.07 98.93 97.60 98.93 96.80 99.47 98.13 

Mean 97.73ab 98.40ab 96.80b 98.40ab 96.80b 99.33a  

 

Table 2b: Interaction Effect of Application with and without ZnSO4 and NPK Levels on Plant Height at Harvest 

(cm) (p ≤0.05) (p ≤0.01) HSD on the Growth Performance of High Protein Corn 

Application of ZnSO4 

Plant Height at Harvest (cm) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 267.17a 258.17abc 245.47c 258.90ab 259.27ab 250.40bc 256.56 

Without ZnSO4 256.63ab 258.70ab 264.80a 249.67b 261.90ab 264.33a 259.34 

Mean 261.90 258.43 255.13 254.28 260.58 257.37  

 

Table 3a: Interaction Effect of Application with and without ZnSO4 and NPK Levels on-Ear Height (cm) (p ≤0.05) 

(p ≤0.01) HSD on the Growth Performance of High Protein Corn 

Application of ZnSO4 

Ear Height (cm) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 88.80 88.93 87.53 86.87 86.23 86.77 87.52b 

Without ZnSO4 87.63 90.67 90.93 87.80 88.33 88.77 89.02a 

MEAN 88.22a 89.80a 89.23a 87.33a 87.28a 87.77a  
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Table 3b: Interaction Effect of Application with and without ZnSO4 and NPK Levels on ear Length (cm) (p ≤0.05) 

(p ≤0.01) HSD on the Growth Performance of High Protein Corn 

Application of ZnSO4 

Ear Length (cm) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 17.40c 17.67bc 18.03abc 19.27a 18.77ab 17.90bc 18.17 

Without ZnSO4 18.80ab 17.80b 18.73ab 18.43ab 18.13b 19.63a 18.59 

Mean 18.10 17.73 18.38 18.85 18.45 18.77  

 

Yield and Yield Components 

The ear harvest per plot of high protein corn was significantly affected (p≤0.05) by application with and without ZnSO4 

and NPK levels (Table 4a). The maximum (99.73%) ear harvest per plot was obtained when no ZnSO4 was applied at a 

rate of 160-40-60 kg NP2O5K2O ha-1, while the minimum (97.05%) ear harvest per plot was reported when ZnSO4 was 

applied at a rate of 160-40-20 kg NP2O5K2O + 10 kg ZnSO4 ha-1. Increased ear harvest per plot with higher fertilizer levels 

allowed the plants to store nutrients with greater capacity, resulting in more ears, according to the findings. The findings of 

Akmal et al., (2010), Hamid et al., (2011), Rahmati (2012), and Nik et al., (2012). The kernel row per ear of high protein 

corn was significantly affected (p≤0.01) by the interaction impact of application with and without ZnSO4 and NPK levels 

(Table 4b). The maximum kernel row per ear (18.80) was observed when no ZnSO4 was applied at a rate of 160-40-60 kg 

NP2O5K2O ha-1, whereas the least kernel row per ear (15.20) was obtained when ZnSO4 was applied at a rate of 160-40-60 

kg NP2O5K2O + 10 kg ZnSO4 ha-1. The results showed that increasing fertilizer levels improved the development of kernel 

rows per ear by increasing the intake of all nutrients. The various micronutrients and their combinations were tested on 

corn plants, and they were found to be advantageous and effective in improving all physiological and yield characteristics 

of corn, as well as giving a positive response in terms of kernels row per ear of corn. A similar result was observed in the 

findings of Bakry et al., (2009); Geremew (2010) and Debebe (2010); Dawadi and Sah, (2012); Pandey and Chaudhary 

(2014). The number of kernels per ear of high protein corn was significantly affected (p≤0.01) by the application of ZnSO4 

and NPK levels (Table 4c). As a result, the maximum number of kernels per ear (978.81) was recorded in the absence of 

ZnSO4 application at the rate of 160-40-20 kg NP2O5K2O ha-1, while the minimum number of kernels per ear (712. 87) 

was recorded in the presence of ZnSO4 application at the rate of 160-40-20 kg NP2O5K2O + 10 kg ZnSO4 ha-1. The 

findings revealed that the availability of nutrients applied (nitrogen and zinc levels) may have influenced the efficiency of 

plants to convert intercepted radiation into grain sink capacity; however, low fertilization may have harmed the efficiency 

of plants to convert intercepted radiation into grain sink capacity, as competition for photosynthates causes kernel abortion 

in corn. These findings backed up those of Akbar et al., (2002) and Rasheed et al., (2004); Muhammad et al., (2010); Ali 

and Raouf (2012); Gobeze et al., (2012); Himayatullah and Qasim (2015); Ijaz et al., (2016). (2015). The weight of 1000 

high protein corn kernels was significantly changed (p≤0.05) by application of ZnSO4 and NPK levels, although the 

interaction was non-significant (Table 4d). The maximum weight of 1000 kernels was 0.313 kilograms at Fertilizer 3 with 

a rate of 160-40-20 kg NP2O5K2O ha-1, while the minimum weight was 0.272 kilograms at Fertilizer 6 with a rate of 160-

40-60 kg NP2O5K2O ha-1 Different combinations of fertilizer amounts and ZnSO4 consistently enhanced corn grain weight 

and had a beneficial impact on nitrogen and zinc. Boosted nitrogen rates also increased enzyme activity in corn, possibly 

leading to increased kernel weight. Rasheed et al., (2004), Hamid et al., (2011), Kidisit (2013), and Mehdi and Bahram 

(2014) all found similar results. 
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The effects of treatment with and without ZnSO4 and NPK levels on computed kernel yield of high protein corn 

(Table 4e) substantially affected computed kernel yield of high protein corn (p≤0.05). The maximum computed kernel 

yield (5.17 t ha-1) was achieved with no ZnSO4 treatment at a rate of 160-40-60 kg NP2O5K2O ha-1, whereas the smallest 

computed kernel yield (3.97 t ha-1) was achieved with ZnSO4 treatment at a rate of 160-40-20 kg NP2O5K2O + 10 kg 

ZnSO4 ha-1. The response of corn to zinc and NPK levels on kernel yield rose significantly with the application of 160-40-

20 kg NP2O5K2O + 10 kg Zn ha-1 over control (100-40-20 kg NP2O5K2O ha-1) but statistically equaled 10 kg Zn ha-1. The 

results revealed that greater NPK levels and zinc sulphate levels resulted in better kernel yields due to lower nutrient 

competition, allowing the plants to accumulate more biomass with a higher potential to convert more photosynthesis, 

resulting in the production of kernels. Tollenaar and Wu (1999), Muhammad Arif et al., (2010), and Saeed et al., (2010) all 

found similar results. 

Table 4a: Interaction Effect of Application with and without ZnSO4 and NPK Levels on-Eear 

(p ≤0.05) (p ≤0.01) HSD on the Yield and Yield Components of High Protein Corn 

Application of ZnSO4 

Ear harvest per plot (%) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 97.85a 98.90a 99.17a 98.91a 98.61a 97.05b 98.41 

Without ZnSO4 97.80a 97.83a 97.81a 98.38a 98.63a 99.73a 98.36 

Mean 97.82 98.37 98.49 98.64 98.62 98.39  

 

Table 4b: Interaction Effect of Application with and without ZnSO4 and NPK Levels on Kernel Row per ear, (p 

≤0.05) (p ≤0.01) HSD on the Yield and Yield Components of High Protein Corn 

Application of ZnSO4 

Kernel row per Ear 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 16.23a 15.70a 15.37a 16.57a 17.00a 15.20a 16.01 

Without ZnSO4 17.93abc 15.73c 17.90abc 15.93bc 17.97ab 18.80a 17.38 

Mean 17.08 15.72 16.63 16.25 17.48 17.00  

 

Table 4c: Interaction Effect of Application with and without ZnSO4 and NPK Levels on a Number of Kernels per 

Ear (p ≤0.05) (p ≤0.01) HSD on the Yield and Yield Components of High Protein Corn 

Application of ZnSO4 

Number of Kernels per Ear 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 871.55abc 746.52bc 712.87c 972.89a 918.44ab 759.77bc 830.34 

Without ZnSO4 898.32ab 816.57ab 978.81a 910.14ab 775.32b 743.92b 853.85 

Mean 884.94 781.55 845.84 941.52 846.88 751.85  

 

Table 4d: Interaction Effect of Application with and without ZnSO4 and NPK Levels on the Weight of 1000 kernels 

(kg) (p ≤0.05) (p ≤0.01) HSD on the Yield and Yield Components of High Protein Corn 

Application of ZnSO4 

Weight of 1000 Kernels (kg) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 871.55abc 746.52bc 712.87c 972.89a 918.44ab 759.77bc 830.34 

Without ZnSO4 898.32ab 816.57ab 978.81a 910.14ab 775.32b 743.92b 853.85 

Mean 884.94 781.55 845.84 941.52 846.88 751.85  
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Table 4e: Interaction Effect of Application with and without ZnSO4 and NPK Levels on Computed Kernel Yield 

(ton ha-1) (p ≤0.05) (p ≤0.01) HSD on the Yield and Yield Components of High Protein Corn 

Application of ZnSO4 

Computed Kernel Yield (ton ha-1) 

Mean NPK Levels 

F1 F2 F3 F4 F5 F6 

With ZnSO4 4.63a 4.77a 3.97b 4.48ab 4.53a 4.26ab 4.44 

Without ZnSO4 4.39b 4.62ab 5.09a 4.78ab 4.51ab 5.17a 4.76 

Mean 4.51 4.69 4.53 4.63 4.52 4.71  

 

CONCLUSIONS 

In terms of plant height, ear length, ear harvest per plot, kernel row per ear, number of kernels per ear, and computed 

kernel yield, a significant interaction was observed in the application of ZnSO4 and NPK levels on the growth and yield 

performance of high protein corn. It was also noted that NPK levels had a substantial impact on ear height and plant stand 

at harvest, as well as the weight of 1000 kernels. ZnSO4 and NPK levels of 130 – 40 – 60 kg NP2O5K2O ha-1 and 10 kg 

ZnSO4 boosted growth metrics (plant stand at harvest, plant height, ear height) as well as yield and yield components (ear 

harvest per plot, kernel row per ear, number of kernels per row, ear length, and weight of 1000 kernels). This showed that 

using supplemental fertilizer combinations (chemical fertilizers) promoted and nourished plant growth and development, 

resulting in a better yield.  
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