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ABSTRACT 
A field experiment was conducted at College Farm, N. M. College of Agriculture, Navsari Agricultural University, Navsari 
to study the effect of rate and time of nitrogen application on quality of summer maize. The treatments of the study 
included three rates (60, 90 and 120 kg N ha-1) of nitrogen and three timings (two equal splits at sowing and 30 DAS, 
three equal splits at sowing, 30 and 45 DAS and four equal splits at sowing, 30, 45 and 60 DAS).Protein content was 
determined by estimating the total nitrogen content of the sample by modified Kjeldahl’s method. The estimated 
nitrogen was multiplied with conversion factor 6.25 to convert total nitrogen in terms of protein. Oil content of the seed 
was determined by using Soxhlet apparatus. Total carbohydrate content (%) of grain was determined by Phenol 
sulphuric acid method. Protein content was affected significantly and the maximum value (9.96 %) was recorded under 
120 kg N ha-1, which remained at par with 90 kg N ha-1. Nitrogen application in four splits significantly improved protein 
content (9.94 %) in grain as compared to nitrogen application in two splits. Carbohydrate and oil content remained non-
significant.  
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INTRODUCTION 
Maize (Zea mays L.) also known as corn belongs to family Poaceae is one of the important cereal crops of 
the world due to its high value as staple food as well as straw demand for animal feed. It is one of the 
most versatile crops having wider adaptability and grown under varied agro-climatic conditions, diverse 
seasons and ecologies for various purposes. Globally, maize is known as “queen of cereals” because of its 
highest genetic yield potential among the cereals [10]. It is cultivated on nearly 183 m ha in the world 
with production of 1065 million tons with a productivity of 5820 kg ha-1 [3]. It is grown in more than 160 
countries having wider diversity of soil, climate, biodiversity and management practices that contributes 
36 per cent to the global grain production. USA is the largest producer of maize contributing nearly 35 per 
cent of the total maize production in the world [11]. Maize is considered to be the driver of the US 
economy. The USA has the highest productivity (≥ 10.96 t ha-1) which is double of the global average (5.82 
t ha-1). Maize is the third most important food crop of India after rice and wheat. In India, it is cultivated in 
9.63 m ha mainly during Kharif season which covers 80 per cent area. Current maize production is 25.90 
million tons, with an average productivity of 2689 kg ha-1 [4]. 
Nitrogen plays a key role in several physiological and metabolic processes. The most important role of N 
in the plant is its presence in the structure of the protein and nucleic acids and is essential for enzymatic, 
biochemical and physiological reactions in plant metabolism. Yield and protein concentration in maize 
seed increased with increase in nitrogen dose [13]. Quality characteristics of maize such as protein 
content in seed were improved with optimum nitrogen level [2]. However, both low as well as high 
nitrogen dose have adverse effect on quality of maize [18]. Therefore, it is necessary to give optimum 
dose of nitrogen for improving quality of maize [9]. 
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The time of nitrogen application at appropriate crop growth stage when it is needed most and taken up at 
high rates by plants could enhance nitrogen use efficiency by reducing the immobilization, denitrification 
and leaching losses [13]. Optimum and efficient time of N application can increase the recovery of applied 
N upto 58-70 per cent and hence, increase grain yield and quality of the crop [6]. Silva et al. [17] reported 
that N fertilisation at booting and silking stages caused significant increments in grain yield and crude 
protein content. There is little information available on nitrogen requirement and its time of application 
for summer maize. In view of the above, the present experiment was carried out. 
 
MATERIAL AND METHODS 
A field experiment was conducted during summer 2018 at college farm, N. M. College of Agriculture, 
Navsari Agricultural University, Navsari to assess the quality prameters of maize. The soil of the 
experimental site was clayey in texture (62.17 %), medium in organic carbon (0.56 %), low in available 
nitrogen (192.86 kg ha-1), medium in available phosphorus (49.58 kg ha-1) and available potassium 
(501.42 kg ha-1). The soil reaction was slightly alkaline (pH 8.15) with normal electrical conductivity. 
Nine treatment combinations, consisting of three rates (60, 90 and 120 kg N ha-1) and three timings (two 
equal splits at sowing and 30 DAS, three equal splits at sowing, 30 DAS and 45 DAS and four equal splits 
at sowing, 30 DAS, 45 DAS and 60 DAS) of nitrogen application were evaluated in factorial randomized 
block design with four replications. Before the experiment, pigeon pea was grown in the field and 
harvested in January and kept fallow prior to  maize sowing. The maize variety GM-6 was sown on 
February 19, 2018. A seed rate of 25 kg ha-1 was used by keeping row to row distance of 60 cm and plant 
to plant distance of 20 cm.  Sowing was done manually by maintaining plant to plant spacing with the help 
of marked stick (20 cm) as per the treatments. Seeds were covered with soil and irrigation was given 
immediately after sowing. 
Bio-compost at 5 t ha-1 was applied on the experimental field before sowing and mixed well. Nitrogen was 
applied as per the treatments. Common application of 40 kg P2O5 ha-1 was made as basal. The sources of 
nitrogen and phosphorus were urea and single super phosphate, respectively. Total seven irrigations 
were given during the crop period. 
Protein contain of grains from each plot was determined by estimating the total nitrogen content of the 
sample by modified Kjeldahl’s method [7]. The estimated nitrogen was multiplied with conversion factor 
6.25 to convert total nitrogen in terms of protein. A representative sample of seeds was taken from each 
net plot produce for analysis of oil content (%). Oil content of the seed was determined by Soxhlet 
apparatus as per the method described by Ajayi et al. [1]. Total carbohydrate content (%) of grain from 
each plot was determined by estimating the total carbohydrates by Phenol sulphuric acid method [15].  
 
RESULTS AND DISCUSSION 
The results of the present study as well as relevant discussion have been summarized under following 
heads: 
Protein content (%) 
The different levels of nitrogen had a significant effect on the protein content in maize grain(Table 
1).Application of 120 kg N ha-1 recorded the maximum protein content (9.96 %) in grain which was 
statistically at with 90 kg N ha-1 (N2) and recorded significantly higher protein content (9.03 %) in grain 
as compared to 60 kg N ha-1 (N1). The increase in protein content in grain might be due to higher nitrogen 
content in grain. The findings were in accordance with Sharma et al. [16].  
The time of nitrogen application significantly influenced the protein content in grain. The protein content 
increased with increasing number of splits. Application of nitrogen in four equal splits at sowing, 30 DAS, 
45 DAS and 60 DAS (T3) produced significantly higher grain protein content (9.94 %) compared to 
nitrogen application in two equal splits at sowing and 30 DAS (T1) (9.05 %) but remained statistically at 
par with nitrogen application in three equal splits at sowing, 30 DAS and 45 DAS (T2). The higher protein 
content in grain might be due to higher nitrogen content in grain.The similar findings were reported by 
Nemati and Sharifi [12] and Verma [19].  
Carbohydrate content (%) 
Different levels of nitrogen application failed to show significant effect on total carbohydrate content (%) 
in maize grains (Table 1). The maximum carbohydrate content in grain (68.10 %) was recorded under 60 
kg Nha-1 (N1) whereas the minimum carbohydrate content (66.72 %) was recorded under 120 kg Nha-1 
(N3). 
Further, the data (Table 1) indicated that the split application of nitrogen had no significant effect on total 
carbohydrate content (%) of the maize. The carbohydrate content varied from 68.19 per cent under 
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nitrogen application in four equal splits at sowing, 30 DAS, 45 DAS and 60 DAS (T3) to 67.71 per cent 
under two equal splits at sowing and 30 DAS (T1). 
3.3 Oil content (%) 
Mean data of oil content (Table 1) revealed non-significant effect of nitrogen levels on oil content (%) in 
maize grains. The range of oil content in maize grains varied from 4.27 per cent under 60 kg Nha-1 to 4.32 
per cent under 120 kg Nha-1.The similar results were obtained by Aulakh et al. [5] and Kaur and Kumar 
[8].  
Further, the split application of nitrogen had no significant effect on oil content (%) of the maize grains. 
The oil content varied from 4.29 per cent under nitrogen application in two equal splits at sowing and 30 
DAS (T1) to 4.31 per cent under nitrogen application in four equal splits at sowing, 30 DAS, 45 DAS and 60 
DAS (T3). 
 
Table 1: Effect of rate and time of nitrogen application on protein, carbohydrate and oil content in 

grain of summer maize 

 
CONCLUSIONS 
Protein content was significantly affected by rate and time of nitrogen application while, carbohydrate 
and oil content remained non-significant. Protein content was affected significantly and the maximum 
value (9.96 %) was recorded under 120 kg N ha-1, which remained at par with 90 kg N ha-1. Nitrogen 
application in four splits significantly improved protein content (9.94 %) in grain as compared to 
nitrogen application in two splits.  
 
REFERENCES  
1. Ajayi, I. A., Adebowale, K. O., Dawodu, F. O. and Oderinde, R. A. (2004). “A study of the oil content of Nigerian 

grown Monodora miriistica seeds for its nutritional and industrial applications.” Pakistan Journal of Scientific and 
Industrial Research, 47: 60-65. 

2. Amanullah., Marwat, K. B., Shah, P., Maula, N. and Arifullah, S. (2009). Plant density and nitrogen effects on maize 
phenology and grain yield. Pakistan Journal of Botany, 41: 761-768. 

3. Anonymous, (2016a). Area, production and productivity of maize in world. United States Department of 
Agriculture.  

4. Anonymous, (2016b). Area and production of maize in India. Directorate of economics and statistics, ministry of 
agriculture and farmer’s welfare. Government of India. 

5. Aulakh, G. S., Vashist, K. K., Sharma, S. and Mahal, S. S. (2012). Productivity, quality and water expense efficiency 
of late kharif sown hybrid maize (Zea mays L.). Journal of Crop and Weed, 8(2): 139-142. 

6. Fageria, N. K. and Baligar, V. C. (2006). Enhancing nitrogen use efficiency in crop plants. Advances in Agronomy, 
88: 97-185. 

Treatment Protein    (%) Carbohydrate (%) Oil             
(%) 

Rate of N application (N) 
N1 : 60 kg N ha-1 9.03 68.10 4.27 
N2 : 90 kg N ha-1 9.75 67.54 4.30 

N3 : 120 kg N ha-1 9.96 66.72 4.32 
SEm± 0.25 0.50 0.03 

CD at 5% 0.72 NS NS 
Time of N application (T) 

T1 : Two equal splits (at sowing and 30 
DAS) 

9.05 68.19 4.29 

T2 : Three equal splits (at sowing, 30 DAS 
and 45 DAS) 

9.74 67.71 4.30 

T3 :  Four equal splits (at sowing, 30 DAS, 
45 DAS and 60 DAS) 

9.94 66.46 4.31 

SEm± 0.25 0.50 0.03 
CD at 5% 0.72 NS NS 

Interaction (N x T) 
SEm± 0.43 0.86 0.05 

CD at 5% NS NS NS 
CV % 8.96 4.61 3.87 

Madagoudra et al 



ABR Vol 13 [2] March 2022                                                               139 | P a g e              © 2022 Society of Education, India 

7. Jackson, M. L. (1973). “Soil Chemical Analysis”. Prentice Hall of India Pvt. Ltd., New Delhi. pp. 183-192. 
8. Kaur, A. and Kumar, M. (2017). Effect of different planting methods and nitrogen levels on the quality of kharif 

maize (Zea mays L.). Advance Research Journal of Crop Improvement, 8(2): 179-182. 
9. Li, H., Liang Li, T., Wegenastb, C. F., Longinb, X., Xua, A. E., Melchingerb, S. and Chena. (2010). Effect of N supply on 

stalk quality in maize hybrids. Field Crops Research, 118: 208-214. 
10. Madagoudra YB, Ardeshna RB, Chaithanya J, Lokesh R. The effect of rate and time of nitrogen application on 

growth, yield attributes, yield and economics of summer maize (Zea mays L.). The Pharma Innovation Journal 
2021a; 10(5):1156-1159. DOI: 10.22271/tpi.2021.v10.i5o.6365. 

11. Madagoudra YB, Chaithanya J, Terin P, Lokesh R. Effect of Rate and Time of Nitrogen Application on Nutrient 
Content and Uptake in Summer Maize (Zea mays L.) and Soil Nutrient Status after Harvest. International Journal 
of Economic Plants 2021b;8(2):057-061. DOI: 10.23910/2/2021.0410a. 

12. Nemati, A. R. and Sharifi, R. S. (2012). Effects of rates and nitrogen application timing on yield, agronomic 
characterstics and nitrogen use efficiency in corn. International Journal of Agriculture and Crop Sciences,4(9): 
534-539. 

13. Raja, V. (2003). Effect of N rates and plant population on yield and quality of super sweet corn. Indian Journal of 
Agronomy,46: 246-249. 

14. Rizwan, M., Maqsood, M., Rafiq, M., Saeed, M. and Zahid, A. (2003). Maize (Zea mays L.)  response to split 
application of nitrogen. International Journal of Agriculture and Biology, 5(1): 19-21. 

15. Sadasivam, S. and Manickam, A. (1992). Biochemical Methods for Agricultural Sciences. Wiley Eastern Limited, 
New Delhi. pp. 1112. 

16. Sharma, R., Choudhary, R. and Jat, B. L. (2017). Effect of nitrogen and zinc fertilization on growth and 
productivity of maize. International Journal of Agricultural Sciences, 13(2): 161-176. 

17. Silva, P. R. F., Strieder, M. L., Forsthofer, E. L. and Silva, A. (2005). Grain yield and kernel crude protein content 
increases of maize hybrids with late nitrogen side-dressing. Agricultural Sciences, 5: 62-69. 

18. Stone, P. J., Sorensen, I. B. and Reid, J. B. (1998). Effect of plant population and nitrogen fertilizer on yield and 
quality of super sweet corn. Agronomy New Zealand, 28: 1-5. 

19. Verma, K, C. (2016). Ph.D. Thesis, Chaudhary Charan Singh Haryana Agricultural University, Hissar, Haryana. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2022 Society of Education. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.  

Madagoudra et al 


