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Abstract 
 
The objective of this work was to evaluate the efficiency of nitrogen fertilization in relation to the population of corn plants in a 
yellow latosol under no-tillage system. The experimental design was a randomized block with three replications, in a 4 x 4 factorial 
scheme, corresponding to four levels of N (0, 60, kg haˉ¹ 120 and 180) and four planting densities (45,000; 55,000; 65,000 and 
75,000 plants haˉ¹). 48 soil samples were collected to determine chemical soil attributes (pH, OM, K, Ca, Na, Mg and Al) and 48 leaf 
samples to determine macronutrients in the leaf (N, P, K, Na, Ca and Mg). The data were submitted to comparison of means by the 
Scott-Knott test. The corn yield increased linearly up to the dose of 180 kg haˉ¹ N. Higher productivity was observed with the 
combination of 120 and 180 N (kg haˉ¹) with the density of 75,000 plants ha

-1
. There was an increase in the N content in the leaves 

with increasing doses of N in the soil. 
 
Keywords: Amazon, Fertilizer, Oxisols, Zea mays. 
Abbreviations: SOM_Soil Organic Matter; V%_ base saturation; NTS_no-till system; kg ha

-1
_ kilogram per hectare; g kg¹_ gram per 

kilogram; plants ha
-1

_plants per hectare; R²_determination coefficient; N_nitrogen; P_phosphor; K_potassium; Ca_calcium; 
Mg_magnesium; Na_sodium. 
 
Introduction 
  
Maize constitutes as one of the main cereals in the world.  
Brazil, has achieved high productivity due to changes in 
managements and cultural practices, (Farinelli et al., 2012). 
In the season 2014/2015 the state of Pará accounted for 
706,800 tons of domestic production of corn grain (Conab, 
2016). 
Large amounts of nutrients are applied through fertilizers in 
grain production in Pará. Nitrogen (N) is the nutrient 
required in larger quantities and that most influences corn 
yield also is the main factor that burdens the cost of 
production of this crop (Melo, 2011). Despite its great 
importance, usually soils do not supply the demand for 
nutrient required by the crop, which is necessary to carry 
out fertilization. 
Generally, nitrogen fertilization recommendations are based 
on crops grown under conventional systems with the 
intensive use of mechanization and pesticides, added to 
monocultures, contributing to soil degradation over the 
years of use, decreasing the edaphic quality for cultivation 
and allowing events like erosion (Olivera, et al., 2015). Thus, 
the scenario of expansion of grain production in Brazil 
requires the search for sustainable production alternatives, 
as the current agricultural model adopted in this process 

causes serious problems, especially for the environment 
(Souza, 2016). 
According to Cassol et al. (2007), there is no-till system (NTS) 
which is an alternative to the conventional system 
commonly used for grain production. NTS is a conservation 
management system consisting of practices that necessarily 
involve crop rotation and soil mobilization exclusively in the 
sowing line and permanent soil cover. The no-till system is 
essential to increase corn productivity in the soils of tropical 
and subtropical regions. It reduces soil degradation and loss 
(Merten et al., 2015), reduces water stress, controls 
temperature and acidity, and increases the quality of the 
properties of the physical-chemical attributes and organic 
matter of the soil (Bolan et al., 2008; Valentinuzzi et al., 
2015, Caires et al., 2015, Oliveira, et al., 2015 , Holland et al., 
2018, Nogaroli and Fonseca (2020). 
The N is one of the nutrients with greater interactions with 
the environment, with losses of N that generate economic 
and environmental damage, soil type dependent, climate, 
soil tillage and fertilizers (Cantarella et al., 2010), hence the 
importance to achieve maximum efficiency in the use of 
these inputs. 
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The search for the best arrangement of plants is among the 
various factors that influence productivity. In maize, the best 
distribution of plants can be accomplished by changes in 
spacing and plant density (Sangoi, 2000). 
Considering the local characteristics and the lack of 
information in the conditions of the western state of Pará, 
there is a need for further studies on the adequacy of doses 
and fertilizer management practices to increase the 
efficiency in the use of nitrogen fertilizers (Veloso, 2012), 
especially before expansion of agriculture grain cultivation in 
the state of Pará. Such studies will maximize the efficiency of 
fertilizer use, especially in the NTS, reducing costs for the 
producer and minimizing environmental impacts. 
In this context, the objective of this work was to evaluate 
the efficiency of nitrogen fertilization in relation to the 
population of corn plants in a yellow latosol under no-tillage 
system. Our hypothesis was that (1) the different levels of 
nitrogen fertilization and planting density influence corn 
productivity and the content of leaf N, and (2) the no-tillage 
system offers better sustainability for corn planting in 
tropical regions, as it improves  chemical attributes of the 
soil. 
 
Results and Discussion 
 
Maize productivity as a function of N doses 
 
Nitrogen application had a significant effect (p <0.05) on 
corn grain yield. Yield was increased linearly (Fig 1) in 
relation to N doses, with increased productivity (6795.3 kg 
ha

-1
), obtained with the highest N dose (180 kg ha

-1
). Similar 

effects have also been observed in other studies with corn 
(Duete et al., 2008; Gomes et al., 2007; Kappes et al., 2014; 
Queiroz et al, 2011; Veloso et al., 2012). It is worth 
mentioning that the highest dose of study N evaluated in the 
study is higher than the maximum dose of N (100 kg haˉ¹) 
recommended for the cultivation of corn in the state of Pará, 
as described by Cravo et al. (2007). This indicates that, 
possibly due to differences in climatic conditions and soil 
type, the dose that provides the best performance of the 
corn may vary. 
The increase in productivity in a linear fashion, increasing 
with the increase in nitrogen doses, demonstrates that this 
hybrid can respond to higher doses than those used in this 
study. The increase in grain yield with increased doses may 
be related to the release of nitrogen in the soil or the 
application of the nutrient, according to Queiroz et al. 
(2011). The use of high doses of P and K applied as basic 
fertilization, can provide a better use of N in the soil. 
To study the effect of doses 0 to 150 N kg haˉ¹ on the soil 
NTS in the state of Mato Grosso do Sul, Kappes et al. (2014) 
obtained 9846 kg haˉ¹ of maximum productivity at a dose of 
100 kg haˉ¹. Gomes et al. (2007) also used doses from 0 to 
150 kg haˉ¹ in corn under the no-tillage system in the state 
of Goiás, and obtained a maximum yield of 7,012 kg haˉ¹ of 
corn grains. 
When assessing nitrogen levels from 0 to 120 kg haˉ¹ in a 
dystrophic yellow latosol in the eastern Amazon, Veloso et 
al. (2012) observed that the yield was increased linearly in 
relation to the doses of N applied, with the maximum 
productivity obtained with the highest dose. Queiroz et al. 
(2011), applied doses of 0-160 kg haˉ¹ in five years of 
cultivation, the last two with minimum planting and corn 
planting also had an increasing linear effect on grain yield. 

However, different results were obtained by Ferreira et al. 
(2009), who studied corn grown in oat straw in the state of 
Paraná. They observed a decrease in corn productivity in 
doses above 165 N kg haˉ¹. Silva et al. (2005), analyzed the 
levels of N (0, 60, 120 and 180 kg haˉ¹) applied at different 
times in no-tillage system in the state of Mato Grosso do Sul. 
They concluded that the dose of 166 kg haˉ¹ provided 
maximum efficiency (7,475 kg haˉ¹). Melo et al. (2011) used 
N doses from 0 to 200 kg haˉ¹ in maize in six years under no-
tillage system in the state of Maranhão and reached the 
maximum yield of corn grains at a dose of 120 kg haˉ¹. 
Farinelli and Lemos (2010) evaluated the productivity and 
agronomic efficiency of corn for nitrogen fertilization and 
soil management in São Paulo. They found that the 
maximum grain yield was obtained by application of 92 kg 
haˉ¹ of N under cover the greatest gains and the yield per kg 
of N applied in the SPD compared to the conventional 
system. 
 
Interaction between N fertilization and plant density 
 
According to Mendes et al. (2011), the interaction between 
nitrogen fertilization and planting density on the agronomic 
traits of corn are influenced by the choice of hybrid. The 
recommended population to maximize maize grain 
productivity ranges from 40,000 to 80,000 plants per hectare 
(Cruz et al., 2010). 
Different responses in corn production were obtained 
between the relationship of N doses with planting densities 
(Table 1). Significant effect was observed (p< 0.05) in the 
interaction of N doses with planting densities of 45,000, 
55,000 and 65,000 plants ha

-1
. However the combination of 

doses 120 and 180 N with density of 75,000 plants ha
-1

 
showed higher values of productivity (p <0.05) in relation to 
doses of 0, 60 and 120 N, which did not differ statistically 
from each other. 
Table 1 considers the productivity within each planting 
density as a function of the doses. It is noted that the 
planting densities of 55,000, 65,000 and 75,000 plants ha

-1
 

has higher productivity values at doses of 0, 120 and 180 N 
in comparison with the dose of 60 N. For the planting 
density of 45,000 plants ha

-1
, no significant difference (P> 

0.005) was observed in corn productivity between the doses 
of N. 
With the minimum dose of nutrient used in this study (60 kg 
ha

-1
), an average yield corn grains (5791.9 kg haˉ¹) was 

obtained of (Table 1) that exceeds the average for the state 
of Pará of only 3,232 kg haˉ¹ (Conab, 2016) and is higher 
than the national average of 5,396 kg ha

-1
 (Conab, 2016). 

Gross et al. (2006), cultivated corn under no-tillage system in 
the state of Minas Gerais. They indicated that the density of 
55,000, 70,000 and 85,000 plants ha

-1
 does not have 

significant influence on the planting density as grain yield. 
However, Alvarez et al. (2006) mentioned that increasing the 
density from 55,000 to 75,000 plants ha

-1
, causes increase in 

productivity regardless of the year of cultivation, spacing 
between rows and cultivar. 
The increase in population density in the corn crop is one of 
the factors that can contribute to the correct exploitation of 
the environment and of the genotype and the environment. 
However, it can cause greater competition between plants 
for nutrients, light, water and CO₂, being that the availability 
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Table 1. Productivity of corn kernels per treatments, in an yellow latosol under no-tillage system. 

treatments Planting density (plants ha
-1

) 

Nitrogen doses (Kg haˉ¹) 
45.000 55.000 65.000 75.000 

                

0 5181.53 Aa 4046,17 Aa 4245.59 Aa 4624.97 Aa 
60 7480.55 Aa 5687,60 Ab 5341.29 Ab 4658.08 Ab 
120 5457.02 Aa 5487,75 Aa 5714.82 Aa 6151.27 Ba 

180 6591.29 Aa 7060,75 Aa 7039.22 Aa 6966.13 Ba 
Means followed by the same capital letters in the columns and rows in the case, not statistically different from each other by the Scott-Knott test at 5% probability. 

 
. 

 
Fig 1. Productivity of grains in doses of nitrogen function, in an yellow latosol under no-tillage system. 

 
 
Table 2. Levels of nutrients in the medium corn leaves at flowering in doses of nitrogen function, in an yellow latosol under no-
tillage system. 

Nitrogen Dose (Kg 
haˉ¹) 

Content foliar 

            N        P      K  Ca Mg 

(------------------------------------------------------g Kgˉ¹--------------------------- 

0 24.67 a 1.62 a 89.35 a 6.17 a 2.76 A 
60 25.03 a 1.84 a 113.28 a 6.77 b 2.68 A 
120 25.48 a 1.87 a 102.87 a 6.79 b 2.78 A 
180 25.75 a 1.90 a 98.83 a 5.76 a 2.42 A 

Means followed by the same letter are not statistically different from each other by the Scott-Knott test at 5% probability. 
 

 
Fig 2. Total nitrogen content in maize leaves, depending of nitrogen, in an yellow latosol under no-tillage system. 

 

 
Fig 3. Monthly data of average temperatura, rainfall and reative humidity in the year 2015. Source: Inmet, 2015. 
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of nutrients and water are the factors that offer the most 
limitations for planting large populations of plants (Von Pine 
et al., 2008), resulting in lower crop yields. 
 
Leaf N content as a function of planting doses 
 
According to Fig 2, there is a linear increase in the N content 
in the leaf tissue, as a function of the various doses of 
applied nutrients. The equation that best fitted presented an 
R² determination coefficient of 0.99, indicating that 99% of 
the variation in the N content in the leaf tissue is explained 
as a function of the N doses applied to the soil. 
The increase in the N content in the leaf with the increase in 
the N doses (Fig 2) was also observed in other studies. 
Andrade et al. (2014) used nitrogen levels from 0 to 200 kg 
ha

-1
 and obtained the highest N accumulation in the leaves 

with the last dose. However, the highest yields were 
observed with the application of 130-145 kg N. 
The concentrations of macronutrients N, P, K and Mg in the 
leaf tissue did not show significant differences (P> 0.05), 
depending on the nitrogen doses applied to the soil. 
However, the macronutrient Ca was significantly affected (P 
<0.05) due to the different amounts of N, and the highest Ca 
values were observed at doses of 60 and 120 N, compared 
to doses from 0 to 180 doses, which did not differ from each 
other (P> 0.05). Possibly, the supply of nitrogen to plants by 
the reserve of organic matter in the soil caused a smaller 
discrepancy in the N levels between treatments (Kaneko et 
al., 2010). 
The values for the N content in the leaves are below those 
considered suitable for the crop (27 to 35 g N. kg¹ of dry 
matter), according to the recommendations of Raij (2011), 
which allows to infer that if the content of N in the leaves 
were within the range considered adequate, it would be 
possible to obtain even greater productivity than those 
found in this study. 
By evaluating doses of N 40-340 kg haˉ¹ Santos et al. (2013) 
found that leaf C ranged from 25.1 to 30.1 g kg¹ and higher 
productivity of corn kernels was achieved with doses of 316 
and 340 kg haˉ¹, respectively, for direct and conventional 
tillage. 
In the present study, a positive relationship was observed 
between the amount of N present in the leaves and grain 
yield, where there was a greater accumulation of nitrogen in 
the leaves, the highest yields occurred. 
Considering the concentration of macronutrients in the 
leaves as a function of planting densities, we observed that 
the average levels of N, P, Ca and Mg in the leaf tissue did 
not show significant differences (P> 0.05) due to the 
different planting densities. However, the K content was 
significantly affected (P <0.05) due to the different planting 
densities, with the lowest K value being observed at the 
density of 55,000 plants ha

-1
 compared to the densities of 

45,000, 65,000 and 75,000 plants ha
-1

, which showed no 
differences in K leaf content (P <0.05). 
In the first five years under NTS, the need for nitrogen is high 
due to the immobilization of this nutrient in the straw of 
crops (Anghinoni, 2007). However, with the continuity of the 
system and its stabilization, the availability of nutrients for 
the plants increases. In addition, the quality of the soil and 
the advantages associated with it considerably reduce the 
need for nitrogen, and fertilization. 
Kurihara et al. (1998) observed that after four years of 
applying NTS, accumulation of nutrients in the superficial 
layers of the soil will increase, mainly in the first five 

centimeters. As this research was the first of the year in 
which the no-till system was implemented, it is expected to 
obtain better results for crops in subsequent years. 
Considering the equation obtained to estimate grain yield 
with a nitrogen dose of 250 kg haˉ¹ it would be possible to 
obtain approximately 7621.3 kg haˉ¹ of corn grains, with the 
same nutrient dose. Santos et al. (2013) obtained an average 
yield of 13,000 kg haˉ¹ in a NTS in five years, which shows 
the potential of this type of long-term system. 
Note that the variations in the results of nitrogen 
fertilization experiments on corn are due to the diversity of 
climatic and soil conditions prevailing in the country (biotic 
and abiotic factors) and the different conditions, under 
which each study is carried out (Okumura, 2011). Another 
important factor that would be affecting the efficiency of N 
fertilization in the tests would be the genetic differences of 
the materials (Okumura, 2011). 
Despite the variations in the results of the work with 
nitrogen fertilization, it can be said that the western region 
of the State of Pará has great potential for the cultivation of 
grains under no-tillage system, mainly corn, the crop was 
used in this study. However, the values of productivity of 
corn grains are still low compared to the yields obtained in 
other regions of Brazil with the same type of system, such as 
the Midwest and the Southeast. 
 
Materials and methods 
 
Site and soil description 
 
The experiment was conducted in the Experimental Field of 
Embrapa Amazônia Oriental, municipality of Belterra, micro-
region of Santarém, located 03 ° 7'45.64 "S and 55 ° 3'0.88" 
W, Pará, Brazil, in a dystrophic yellow latosol, very clayey 
texture (Embrapa, 2013). The soil collection was carried out 
before planting for chemical and physical measurements, 
following the methodology described in Embrapa (1997), 
having the following chemical properties at a depth of 0-20 
cm: pH (H2O) = 4.6; SOM = 35.0 g.kg

-1
; P Mehlich = 3 mg.dm

-

3
; K = 0.13 cmolc dm

-3
; Ca = 1.4 cmolc dm

-3
; Mg = 0.2 cmolc 

dm
-3

; H+Al = 5.7 cmolc dm
-3

 and V = 23.06%; sand (20%); 
sludge (22%) and clay (58%). 
The climate, according to Koppen's classification, is of the 
Am type (hot and humid), with an average precipitation of 
1,900 mm and an altitude of 175 m. The months with the 
highest rainfall in the experiment period were February to 
April (Fig 3), according to data obtained from a conventional 
meteorological station (Inmet, 2015). 
 
Experimenal design and conduction of study 
 
To correct the acidity of the soil, 1.5 t ha

-1
 of limestone (90% 

PRNT) was applied throughout the area. The correction was 
applied to increase the base saturation (V%) of the soil by 
60%, according to Raij et al. (1996). All plots received basic 
fertilization with application of 90 kg kg ha

-1
 of P₂O₅ and 90 

kg ha
-1

 of K₂O. The forms of superphosphate (P) and 
potassium chloride (K) were applied in the furrow close to 
the culture lines. The application of potassium (K) was 
divided in two, with 1/3 at the time of planting and the 
remaining 2/3 in coverage between the lines, together with 
the second application of N. Nitrogen was applied in 
coverage in the form of urea, 25% at planting and 75% after 
25 days. Shortly after corn planting, Brachiaria grass 
(Brachiaria ruziziensis) was planted, considering that corn 



 

1841 
 

was the first crop in the system and that the principles of no-
tillage systems are permanent soil cover. 
The experimental design was a randomized block design 
with three replications in a factorial 4 x 4 corresponding to 
four N levels (0, 60, 120 and 180 kg haˉ¹) in the form of urea 
(45% N) and four densities planting: 45,000; 55,000; 65,000 
and 75,000 plantas haˉ¹. 48 experimental plots were used, 
distributed in three blocks. The total area of each block was 
875 m² (25 x 35m) and each plot 40 m² (5 x 8m), with 
spacing of 0.7 m between planting rows of 8 m. We collected 
48 soil samples in the depth 0-20 cm for determining soil 
chemical properties: pH (H2O), SOM, P, K, Ca, Na, Mg and Al 
and 48 leaf samples for determination of macronutrients N, 
P, K, Na, Ca and Mg. 
The simple hybrid AG 7088 NEXT was used for sowing, which 
has characteristics of semi-early cycle, high productivity and 
production stability. Flowering started on March 30, 2015 
and, at the time of complete flowering, 30 leaves were 
collected below the ear of corn, per treatment. Two central 
rows of each experimental plot were considered.  The 
harvest was carried out manually on 06/10/2015 to obtain 
grain yield. The yield was obtained by weighing the ears of 
grains harvested in the useful area of the plots, extrapolating 
the production of the useful area of the portion (22.4 m²) to 
one hectare and the weight of the grains was corrected by 
13% moisture. All analyzes of soil and plant tissues (Carmo et 
al., 2000) were carried out at the Soil Analysis Laboratory of 
Embrapa Amazônia Oriental (Embrapa, 1997). 
 
Statistical analysis 
 
The data were submitted to analysis of variance (ANOVA) by 
the F test and the means were compared by the Scott-Knott 
test at 5% probability, using the statistical program Sisvar 5.6 
(Ferreira, 2011). Regression equations were also performed 
for the studied variables, depending on nitrogen levels. 
 
Conclusions 
 
N doses had a significant effect on grain yield, which 
increased linearly as a function of doses, with the maximum 
yield corresponding to a dose of 180 kg ha

-1
. Higher corn 

yield values were observed with the combination of 120 and 
180 N doses with 75,000 density plants ha

-1
. There was an 

increase in the N content in the leaf with increasing doses of 
N. The macronutrient Ca in the leaf tissue was affected due 
to the different doses of nitrogen in the soil, with higher 
values in the doses of 60 and 120 N, the other 
macronutrients N, P , K and Mg were not affected due to 
different doses of N. 
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