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ABSTRACT

Nitrogen (N) is one of the most essential nutrients affecting the yield and quality of maize (Zea mays L.). A
field experiment was conducted at the experimental plot of the Department of Agronomy, The Hungarian
University of Agriculture and Life Sciences, Hungary, to investigate the effect of nitrogen fertilisation on the
yield and quality of maize. The experimental site included four observation plots with a net of 23 5 m size.
Four N levels of T1, T2, T3, and T4 were sprayed at indicated plants in four replications according to
treatment viz. 0, 50, 100, and 150 kg N ha�1. Nitrogen application in general does not significantly affect
maize yield, its components, or grain quality. However, out of the four N treatments, the optimal N
application between 50–100 kg N ha�1 potentially increased the yield, also the total expression of protein
and starch contents in maize can be achieved with the right amount of N fertiliser, indicating that the
treatment could produce a high grain yield as well as high protein and starch contents. Good N fertilising
practice will boost the maize’s nutritional value and make it more significant in the agriculture in the future.
In addition, more research and assessment are essential to acquire the most benefit from the effect of
optimal N application on maize yield and quality, and the findings could be beneficial to researchers and
growers.
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1. INTRODUCTION

Maize (Zea mays L.), also known as corn, was the first global grain crop, with 1,125 million
tonnes of production accounting for more than 40% of total grain production. Maize is also a
valuable grain crop after wheat in Hungary, which is the 3rd largest maize producer in Europe
with 8.4 million tonnes at about 12% of total production out of 67.8 million tonnes in 2020
(Eurostat, 2021).

However, now the world faces climate change that will affect potential productivity, soil
fertility, and nutrient management. These factors are the main contributors to low yield
production. Thus, the development of superior cultivars and improved technology could be
the key to doubling yields and reducing the impact of vulnerability to climate change (Loch,
2015). As far as climate change, plant nutrients are both a part of the problem and a part of
the solution. Improper use of nitrogen (N) is associated with greenhouse gases emission
(GHG), while its deficiency is the main barrier to obtaining high yield and quality
(Majumdar, 2018).

Nitrogen (N) is the most important essential element in agricultural production, and its
deficiency is one of the main yield-limiting factors for grain production. According to Hammad
et al. (2011), maize grain yields positive responses to applied N, but over-fertilisation with N is a
common problem for the maize rotation system. Excessive N present in the soil cannot be
absorbed by crops and instead reduces N use efficiency, wastes resources, and degrades the
environment. The use of N fertiliser for grain production has made a substantial contribution to
global food security (Zhai et al., 2019).

Fertiliser consumption in Hungary currently ranges from 60 to 70 kg per hectare for N,
with yields production of roughly seven metric tons per hectare. According to Loch (2015),
reducing fertiliser application results in decrease in the yield averages of maize. Similarly,
Moser et al. (2006) found that maize plots produced higher yields when given large N
doses. However, the increase of N application will not stimulate the additional number of
grains but increase the 1,000 grain weight. Meanwhile, fertilisation together with plant
protection will boost yields. While the effect may not be significant, it does have the po-
tential to minimise the consumption of N (Árendás et al., 2012). According to Nagy (2012)
and Árendás et al. (2014), nutrient application, which has a major impact on production
and quality, is important. Moreover, proper nutrients application is essential in modern
crop production, where without it crop safety would be compromised (Pepó, 2017).
Furthermore, water stress caused by climate change might reduce yields; however, choosing
stress-resistant maize hybrids can help plants cope with high temperatures (Marton et
al., 2012).

In maize, effective nitrogen application improves quality characteristics such as grain protein
content (Amanullah et al., 2009) and affects grain protein concentration more consistently, with
a large effect size for protein as N fertilizer levels rise (Correndo et al., 2021). However, the low
and high N dose rates can also affect the quality of maize. Therefore, ensuring the optimum
supply of N dose is essential to improving maize quality (Hammad et al., 2011). Considering the
foregoing, the current study was carried out to quantify the effect of N fertilisation on grain yield
and its components, and grain quality parameters like moisture, oil, protein, and starch con-
centrations for maize crops.
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2. MATERIALS AND METHODS

2.1. Experimental site

A field experiment was conducted to investigate the effect of N levels on yield and quality of maize at
an experimental plot of the Department of Agronomy, The Hungarian University of Agriculture and
Life Sciences, Hungary, in 2021. This experimental site is located in a hilly section of the country, near-
average climatic zone, 242m above sea level (470460N, 190210E) on sandy loam, brown forest soil
(Chromic Luvisol). The humus content was 3.12%, while sand, silt, and clay contents were 10%, 54%,
and 36% respectively, at the top of the 20 cm layer (Tóth et al., 2018). The soil had a slightly acidic pH
of 6.2 (H2O) and a pH of 5.1 (KCl) (Dekemati et al., 2020). In 2021, the average annual precipitation in
Gödöllő was 531.0mm (20.91 inches). In Hungary, the precipitation estimation is between 400 and
500mm (15.8–19.7 inches) per year, the western parts are slightly wetter than the eastern.

2.2. Treatment

The maize hybrid seed variety MV 277 was sown on 26 May 2021 using a Wintersteiger Plotman
maize planter machine with a plant density of 75 thousand plant ha�1. The experimental
site consisted of four observation plots with N levels of T1 (0 kg N ha�1), T2 (50 kg N ha�1),
T3 (100 kg N ha�1), and T4 (150 kg N ha�1) of net sizes 23 5 m. Each treatment contained
four replications with ten plants per replication. The various treatments were applied as
spraying on the indicated plants during the vegetative growth stage (V12). Standard agronomic
practices were applied uniformly to all treatments.

2.3. Measurement

At harvest, the total number of cobs was recorded from each plot. The seed obtained from four
tagged plants per replications after threshing, cleaning, and sun-drying were measured for cob
weight, the number of rows per cob, grain number per cob, also the grain yields per plot were
calculated and expressed in kilograms. 1,000 grains was counted using Contador 2 seed counter
then weighted on SCALTEC electric weight balance to determine the 1,000 grain weight value.
The grain quality parameters like moisture content, oil, protein, and starch concentrations were
obtained using the Mininfra Grain Analyser.

2.4. Statistical analysis

One-way ANOVA was used to examine the effect of N fertilisation on grain yield and its
components, as well as grain quality parameters (moisture, oil, protein, and starch concentra-
tions) of maize at P ≤ 0.05 probability level. Differences among treatment means were compared
by Post Hoc Multiple Comparison tests using Least Significant Difference (LSD) at P ≤ 0.05.
Analyses were conducted with the IBM SPSS version 23.

3. RESULTS AND DISCUSSION

3.1. Effect of nitrogen on grain yield and its components

The ANOVA table (Table 1) shows that there were no differences in grain yield, cob weight,
row number/cob, grain number/row, grain number/cob, 1,000 grain weight, and grain oil
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content between the groups for various N treatments (0, 50, 100, and 150 kg N ha�1). However,
the different levels of N treatments showed significant differences on cob number (F (3,12) 5
[4.798], P5 0.02).

The results (Table 2) demonstrate that the maximum grain yield per plot (11.50 kg ±
1.17) was provided by treatment T2 (50 kg N ha�1), while the minimum (9.47 kg ± 1.71) was
recorded in the plot with the highest N application T4 (150 kg N ha�1). The cob number/plot
produced statistically similar values for N rates of 0, 100, and 150 kg N ha�1, which were
significantly lower than for the 50 kg N ha�1. Nitrogen application at T2 (50 kg N ha�1)
resulted in maximum cob number/plot (17.25 ± 1.71) followed by T1 (0 kg N ha�1), T4
(150 kg N ha�1), and T3 (100 kg N ha�1) with 14.75 ± 1.26, 14.25 ± 0.96, and 14.00 ± 1.41,
respectively.

The maximum cob weight (254.18 ± 2.36 g) was recorded for treatment T3 (100 kg N ha�1)
and the lowest (207.75 ± 3.54 g) for the control treatment T1 (0 kg N ha�1). Row number/cob
values were statistically similar for all N treatments. N treatment at a rate of 100 kg N ha�1

provided the highest row number/cob (16.50 ± 1.00), whereas the lowest value (15.50 ± 1.00)
was obtained for treatments T1 and T2 with 0 and 50 kg N ha�1, respectively. The number of
grains/row was not significantly affected by the different N rates, with the highest value (44.00 ±
2.00) obtained for T4 (150 kg N ha�1) and the lowest (40.25 ± 2.75) for T1 (0 kg N ha�1).

Table 1. Analysis of variance of grain yield, cob number/plot, cob weight, row number/cob, grain number/
row, grain number/cob, and 1,000 grain weight at different levels of N treatments (0, 50, 100, and

150 kg N ha�1)

Characteristic Source of variation Sum of Squares df Mean Square F Sig.

Grain yield/plot (kg) Between groups 0.515 3 0.172 1.597 0.242
Within groups 1.289 12 0.107

Total 1.804 15
Cob number/plot Between groups 26.688 3 8.896 4.798 0.020

Within groups 22.250 12 1.854
Total 48.938 15

Cob weight (g) Between groups 6073.122 3 2024.374 2.621 0.099
Within groups 9270.033 12 772.503

Total 15343.154 15
Row number/cob Between groups 2.688 3 0.896 0.782 0.527

Within groups 13.750 12 1.146
Total 16.438 15

Grain number/row Between groups 38.688 3 12.896 0.898 0.470
Within groups 172.250 12 14.354

Total 210.938 15
Grain number/cob Between groups 19556.188 3 6518.729 1.496 0.265

Within groups 52275.750 12 4356.312
Total 71831.938 15

1,000 grain weight Between groups 761.612 3 253.871 0.410 0.748
Within groups 7422.223 12 618.519

Total 8183.834 15

df: Degree of freedom; Sig.: Significance; Significance level 5 P ≤ 0.05.
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Table 2. Mean values (± standard deviation) and Post Hoc LSD test results of grain yield and its components at different nitrogen fertilisation levels

Treatment
(kg N ha�1)

Grain yield/plot
(kg)

Cob number/
plot

Cob weight
(g)

Row number/
cob

Grain number/
row

Grain number/
cob

1,000 grain
weight

T1 (0) 10.41±0.78a 14.75±1.26ab 207.75±3.54a 15.50±1.00a 40.25±2.75a 625.50±76.65a 241.67±36.17a

T2 (50) 11.5±1.17a 17.25±1.71a 210.73±2.71a 15.50±1.00a 43.75±6.13a 675.00±73.86a 250.38±23.56a

T3 (100) 10.47±1.39a 14.00±1.41b 254.18±2.36a 16.50±1.00a 43.75±2.87a 722.00±65.44a 238.73±21.70a

T4 (150) 9.47±1.71a 14.25±0.96b 241.28±2.34a 15.75±1.26a 44.00±2.00a 691.75±42.57a 231.10±11.84a

LSD (P ≤

0.05)
NS 1.33 NS NS NS NS NS

pMeans within columns followed by the same letters are not significantly different at P ≤ 0.05 level according to Post Hoc LSD test; LDS (0.05)5 Least
significant difference at P ≤ 0.05; NS 5 Not significant.

Acta
Alim

entaria
51

(2022)
2,249

–258
253



Grain number/cob of maize was not significantly affected by the different N rates (Table 2),
however, treatment T3 (100 kg N ha�1) provided the highest (722.00 ± 65.44) grain number/
cob, followed by T4 (150 kg N ha�1), T2 (50 kg N ha�1), and T1 (0 kg N ha�1) with values of
691.75 ± 42.57, 675.00 ± 73.86, and 625.50 ± 76.65, respectively. The application of N did not
affect the 1,000 grain weight. Treatment T2 (50 kg N ha�1) resulted in the maximum weight
(250.38 ± 23.56) and it was statistically comparable to T1, T3, and T4 with 241.67 ± 36.17,
238.73 ± 21.70, and 231.10 ± 11.84, respectively.

According to our results, nitrogen application had no impact on maize grain yield and its
components. This could be due to other factors contributing to maize grain yield, as researchers
have shown that yield is influenced by several environmental or technological factors (B�aşa
et al., 2016). According to Ngoune and Shelton (2020), maize grain yield is affected by a number
of factors, including technology (agricultural practices, management decisions, etc.), biology
(diseases, insects, pests, weeds), and the environment (climatic conditions, soil fertility, topog-
raphy, water quality, etc.). Also, an adjusted crop arrangement would increase maize production
by an average of 18 percent, making it the most promising component studied according to Eash
et al. (2019).

However, many studies have proven that increasing N levels in maize crops can increase
grain yields (Reddy et al., 1985; Tsai et al., 1992), as N has a positive effect on plant growth,
promoting and increasing the yield (Eltelib et al., 2006). Nitrogen deficiency will reduce
vegetative and reproductive growth, which has the potential of reducing yield (Fageria and
Baligar, 2005). It was fond in a previous research that grain yield rose as the amount of sprayed
nitrogen increased up to a certain point, but levelled off after that, also, maize hybrids required
the same amount of nitrogen for optimal grain yield (Tsai et al., 1992). Furthermore, if grain
yield does not respond to an increase in N fertiliser rate, it shows that raising the N fertiliser rate
is not a smart approach for achieving maximum grain yield (Hammad et al., 2011). In addition,
Zhai et al. (2019) claimed that nitrogen application combined with proper tillage procedures
has a considerable impact on grain yield, nitrogen uptake, and nitrogen use efficiency. They
also indicated that for the best economic results, deep vertical rotary tillage with a N rate of
225 kg ha�1 was the best option.

According to the results, grain yield had no positive relationship with the number of cobs,
cob weight, row number of one cob, number of grains/row, number of grains/cob, and 1,000
grains. However, according to B�aşa et al. (2016), the application of 80 kg N ha�1 in maize crops
increases the values of yield components (except 1,000 grain weight) and in turn increases grain
yield. Similar findings have been revealed by Li et al. (2019), according to their study, there was
a relationship between yield and agronomic characteristics such as the number of seeds/tassel,
the weight of 1,000 seeds, plant height and tassel length, and all these factors contributed to high
grain yields in rice.

3.2. Effect of nitrogen on grain quality

According to Table 3, there were significant differences in grain moisture content (F (3,12) 5
[74.935], P 5 0.00), grain protein content (F (3,12) 5 [6.404], P 5 0.08), and starch concen-
tration (F (3,12) 5 [3.621], P 5 0.45) between the groups with different N treatments (0, 50,100
and 150 kg N ha�1). However, oil content was similar for all treatments (F (3,12) 5 [2.507],
P 5 0.11).
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The results reveal that levels of nitrogen have a considerable impact on grain moisture
content (Table 4). Treatment T3 (100 kg N ha�1) provided the highest (14.43 ± 0.15%) grain
moisture content, while the highest N rate (treatment T4) provided the lowest (12.65 ± 0.10%)
grain moisture content. N treatment at 150 kg N ha�1 resulted in the highest oil content (3.53 ±
0.06%), but the differences were not statistically significant. The protein content was signifi-
cantly affected by levels of N. Maximum protein content (5.23 ± 0.12%) was obtained for
treatment T2 (50 kg N ha�1) and T1 (0 kg N ha�1) with no statistical differences, and the
lowest (4.64 ± 0.10%) value was presented by T4 (150 kg N ha�1). Starch content was signifi-
cantly affected by N rates (Table 4), the highest (72.43 ± 0.33% and 72.43 ± 0.22%) values
were recorded for treatments T3 and T4, followed by T2 and T1 with 71.98 ± 0.37% and
71.90 ± 0.24%, respectively.

In general, the grain yield of maize crops increases in response to N, and this condition is
closely related to grain quality such as moisture, oil, protein, and starch content. However, the
association between grain quality and N value was not significant in this study in contrast to the
results discovered by Eltelib et al. (2006), where nitrogen significantly increased the protein

Table 3. Analysis of variance of grain quality parameters like moisture, oil, protein, and starch contents at
four levels of N fertilisation (0, 50, 100, and 150 kg N ha�1)

Characteristic Source of variation Sum of Squares df Mean Square F Sig.

Moisture (%) Between groups 7.213 3 2.404 74.935 0.000
Within groups 0.385 12 0.032

Total 7.598 15
Oil (%) Between groups 0.061 3 0.020 2.507 0.108

Within groups 0.097 12 0.008
Total 0.157 15

Protein (%) Between groups 0.867 3 0.289 6.404 0.008
Within groups 0.542 12 0.045

Total 1.409 15
Starch (%) Between groups 0.962 3 0.321 3.621 0.045

Within groups 1.063 12 0.089
Total 2.024 15

df: Degree of freedom; Sig.: Significance; Significance level 5 P ≤ 0.05.

Table 4. Mean values (± standard deviation) and Post Hoc LSD test results of grain quality parameters
(moisture, oil, protein, and starch contents) at four levels of N fertilisation

Treatment (kg N ha�1) Moisture (%) Oil (%) Protein (%) Starch (%)

T1 (0) 13.58±0.30b 3.42±0.12a 4.99±0.32ab 71.90±0.24b

T2 (50) 13.00±0.08c 3.39±0.07a 5.17±0.23a 71.98±0.37ab

T3 (100) 14.43±0.15a 3.37±0.10a 5.23±0.12a 72.43±0.33a

T4 (150) 12.65±0.10c 3.53±0.06a 4.64±0.10b 72.43±0.22a

LSD (P ≤ 0.05) 0.17 NS 0.21 0.29

pMeans within columns followed by the same letters are not significantly different at P ≤ 0.05 level
according to Post Hoc LSD test; LDS (0.05)5 Least significant difference at P ≤ 0.05; NS5 Not significant.
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content of forage maize. Thus, recent research has demonstrated that increased N levels would
increase seed protein content (SPC) in maize. On the other hand, low N conditions not only
restrict grain yield but also grain quality including moisture and protein contents (Tsai et al.,
1992; Hammad et al., 2011).

Since no difference was found in the effects of different N treatments in our study, we can
only conclude that the optimal efficiency of N fertilising is between 50–100 kg N ha�1. Further
studies are needed to be able to determine the optimal application of N more accurately.
Cultivation practices play an important role in improving grain yield and grain quality beside
technology, biology, and the environment.

4. CONCLUSIONS

This study assessed the effect of N fertilisation on maize yield and quality. The findings revealed
that increased fertiliser application had no significant impact on either yield and its components
or grain quality, such as moisture, oil, protein, and starch contents. However, out of the four N
levels applied, the optimal N application between 50–100 kg N ha– 1 might potentially increase
the yield, indicating that N treatment has the ability to produce higher grain yield as well as
higher protein and starch contents. Furthermore, total expression of protein and starch contents
in maize can be achieved with the right amount of N fertiliser, boosting its nutritional value and
making it of greater agricultural importance in the future. More research and assessment are
essential to acquire the most benefit from N application on maize yield and quality, and the
findings will be beneficial to researchers and agricultural producers as well.
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