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ABSTRACT 
The objective to evaluate the maize yield components as a function of the top-dressing nitrogen 
partitioning in maize plants with conventional and transgenic technology. The experiment was carried out 
in the agricultural crops of 2012/2013 and 2013/2014, in the municipality of Tenente Portela-RS, Brazil. The 
experiment was set up in a randomized block design in a factorial scheme with two genetic technologies x 
11 nitrogen fertilization treatments, arranged in three replications. The treatments were composed of top-
dressing applications in the phenological stages V2 - two fully expanded leaves, (V2), V4 - four fully 
expanded leaves, (V4), V6 - six fully expanded leaves (V6) and V8 - with eight fully expanded leaves (V8) and 
split applications in V2+V4; V2+V6; V2+V8; V4+V6; V4+V8; V6+V8; and V2+V4+V6+V8. There was interaction 
between genetic technologies and levels of nitrogen fertilization in the maize crop. The highest grain yield 
was obtained with conventional technology because it presented plants with greater prolificacy, ear 
diameter and number of grains per row. Grain yield was superior with nitrogen fertilization in V4 and in 
nitrogen splitting in the V4 + V6, V4 + V8 and V2 + V4 + V6 + V8 stages. 
 
Keywords: Genetically modified hybrids, trends genetics, causal diagram, agronomic practices, plant 
metabolism, nitrogen effect. 

 

INTRODUCTION 
 

Maize (Zea mays L.) is the most produced cereal in Brazil in cultivated area and volume of production. 
National production of the grain in the 2017/18 crop showed an average yield of more than 5.5 t ha-1 
(Companhia Nacional de Abastecimento [CONAB], 2018), mainly due to the use of a high technological level 
regarding the use of hybrids and intensive crop management. However, national productivity is still below 
the potential productivity, that can reach 16 to 18 t ha-1 (Sangoi et al., 2011; Sauer, et al., 2015; Santos, 
Bizzarri, Barbosa, & Zucareli, 2017; Escanferla, Wysmierski, Meirelles, & Paccola-Meirelles, 2018; Rosa et al., 
2019). 

The genetic factor is fundamental in the construction of high yield crops. In general, hybrids of maize have 
a productive potential superior to conventional cultivars, however, to obtain high yields, the use of hybrids 
requires the adoption of more careful agronomic practices, especially in relation to nutritional management 
(Crawford, Rendig, & Broadbent, 1982). 

Nitrogen (N) is one of the more limiting macronutrients required by the plants and made available by the 
soil, to the development of summer grasses in tropical and subtropical soils. (Beatty et al., 2010, Mir et al., 
2010). Nitrogen (N) participates in plant metabolism, helps in the formation of leaf area, helps to capture 
light energy and carbon accumulation between vegetative and reproductive tissues. In this way, studies 
have shown that the increase in the supply of N is associated to the increase of the thousand grain mass 
(Sangoi et al., 2011; Andrade, Petter, Nóbrega, Pacheco, & Zuffo, 2014), reflecting the yield. In contrast, the 
use of nitrogen fertilization may lead to an increase in the accumulation of vegetative dry matter (Andrade 
et al., 2014) and reduction of photoassimilate allocation to grains (Souza et al., 2011). 

During the development of the plants, the number of leaves and ears are determined in the initial periods 
of the crop in V3, while the number of grains and rows are defined until the V8 stage (Magalhães, Durães, 
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Carneiro, & Paiva, 2002). These can have repercussions on success since they are closely associated with 
crop yield. The efficiency of this nutrient is related to the application time for the crop development (Mar, 
Marchetti, Souza, Gonçalves, & Novelino, 2003; Deng et al., 2019), environmental conditions, soil, cultivars 
and interaction with other nutrients (Sims, Schepers, Olson, & Power, 1998). The application of nitrogen for 
top-dressing has maximized the utilization of this nutrient by the crop (Arf, Rodrigues, Nascente, & Lacerda, 
2015). However, it is important to consider the vegetative stage of maize in which top-dressing will be 
performed (Büll, 1993), and there are still gaps in the knowledge regarding the most appropriate moment 
and proportion for application of nitrogen fertilizer in maize crop, comparing conventional and transgenic 
cultivars. 

Therefore, the evaluation of the productive performance of the plants is an important tool for a better 
understanding of the effect of nitrogen for top-dressing in maize plants with different technological levels. 
In view of the above, this work had as objective to evaluate the maize yield components as a function of the 
top-dressing nitrogen partitioning in maize plants with conventional and transgenic technology. 

 

MATERIAL AND METHODS 
 

The experiment was carried out in the agricultural crops of 2012/2013 and 2013/2014, in the municipality 
of Tenente Portela-RS with coordinates of Latitude 27 ° 23'31.04 "S and Longitude 53 ° 46'50.71" W with an 
altitude of 420 meters. The climate according to the classification of Köppen is subtropical humid of the 
type Cfa. The soil is classified in typical Aluminoferric Red Latosol (Oxisol). 

For the installation of the experiment, a soil analysis was carried out at depth of 0-10 cm where the 
presence of 64% of clay was verified; pH in water of 6.0; SMP index of 6.3; Phosphorus (P) of 4.3mg l -1; 
Potassium (K) of 159.5mg l-1; Sulfur (S) 18.9mg l-1; Organic matter (OM) of 2.9%; Toxic aluminum (AL) of 0,0 
cmolc l-1; Calcium (Ca) of 6.1 cmol l-1; Magnesium (Mg) of 2.8 cmolc l-1 and cation exchange capacity (CEC) of 
12.0 cmolc l-1. 

The experiment was set up in a randomized block design in a factorial scheme with two genetic 
technologies x 11 nitrogen fertilization treatments, arranged in three replications. The experimental units 
were composed of 4 lines with three meters in length. For the evaluations, the two external lines and 0.25 
meters at the ends of the plots were unvalued in order to reduce the border effect, using the two central 
lines, with a useful area of 2.25 m². 

The treatments were composed of top-dressing applications in the phenological stages V2 - two fully 
expanded leaves, (V2), V4 - four fully expanded leaves, (V4), V6 - six fully expanded leaves (V6) and V8 - 
with eight fully expanded leaves (V8) and split applications in V2+V4; V2+V6; V2+V8; V4+V6; V4+V8; V6+V8; 
and V2+V4+V6+V8, described in Table 1 (Fancelli & Dourado-Neto, 1997). 

 
Table 1. Treatments with percentage distribution and phenological stages of nitrogen fertilization 
application in maize crop. 
 

Treatment N application stages 

T1(V2)1 100% V2    

T2 (V4)  100% V4   
T3 (V6)   100% V6  
T4 (V8)    100% V8 

T5 (V2+V4) 50% V2 50% V4   
T6 (V2+V6) 50% V2  50% V6  
T7 (V2+V8) 50% V2   50% V8 
T8 (V4+V6)  50% V4 50% V6  
T9 (V4+V8)  50% V4  50% V8 

T10 (V6+V8)   50% V6 50% V8 
T11 (V2+V4+V6+V8) 25% V2 25% V4 25% V6 25% V8 

1V2: in V2 stage; V4: in V4 stage; V6: in V6 stage; V8: in V8 stage; V2 + V4: in V2 and V4 stages; V2 + V6: in V2 and V6 
stages; V2 + V8: in V2 and V8 stages; V4 + V6: in V4 and V6 stages; V4 + V8: in V4 and V8 stages; V6 + V8: in V6 and V8 
stages; V2 + V4 + V6 + V8: in V2, V4, V6 and V8 stages. V4 stages (V2+V4), V2 and V6 stages (V2+V6), V2 and V8 stages 
(V2+V8), V4 and V6 stages (V4+V6), V4 and V8 stages (V4+V8), V6 and V8 stages (V6+V8); V2, V4, V6 and V8 stages 
(V2+V4+V6+V8). 
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The sowing was performed in a no-tillage system on black oat (Avena strigosa L.) with white radish straw 
(Raphanus sativus L.) in the second half of September 2012 and in the first half of October 2013, with a final 
population of 75,000 plants per hectare. Hybrids used in the experiment were DKB 240 VT PRO3® and DKB 
240 conventional. The base fertilization was 450 kg ha-1 with NPK fertilizer with formulation (10-20-20), the 
top-dressing fertilizations were 202.5 kg ha-1 of nitrogen, by broadcasting, according to the treatment 
(Comissão de Química e Fertilidade do Solo [CQFS-RS/SC], 2016). 

In order to carry out the evaluations, three plants representative of the useful area of each plot were 
evaluated: plant height (PH, m), ear height (EH, m), prolificacy (PR), ear diameter (ED, mm), ear length (EL, 
cm), number of grains per row (NG, unit), number of rows per ear (NR, unit), grain mass per ear (GM, g), 
cob diameter (CD, g), cob mass (CM, g), ear mass (EM, g), thousand grain mass (TM, g), yield (YI, kg ha-1). 

The data were submitted to the diagnosis of normality and homogeneity of the residue variances, after 
which the results were submitted to analysis of variance by the F test at 5% level of significance, through 
SAS statistical program. For the significant results the simple effects between genetic technology and 
nitrogen managements were deployed. Not significant variables for the interaction, but rather for the main 
factor, were compared by the Tukey test at 5% probability. 

 

RESULTS AND DISCUSSION  

The yield of maize grains in all nitrogen managements was not significant in the interaction between 
genetic technologies (TEC) and nitrogen managements (N). In contrast, the grain mass per ear (GM), cob 
diameter (CD), cob mass (CM) and ear mass (EM) were shown to be significant (Table 2). However, nitrogen 
management significantly affected plant height (PH), ear insertion height (EH), prolificacy (PR), number of 
rows per ear (NR), cob diameter (CD), and the yield (YI). These differences are related to the absorption of 
this nutrient throughout the vegetative cycle (MAR et al., 2003), to the appropriate management and time 
of nitrogen application (Okumura, Mariano, Vicente, & Zaccheo, 2011). 

Regarding the technology, it was verified that only the thousand grain mass (TM) did not present 
significance at 5% level. When analyzing the effect of technologies on the maize yield, conventional plants 
presented higher prolificacy (PR), ear diameter (ED), cob mass (CM), number of grains per row (NG) and 
yield (YI), comparing to the transgenic ones (Table 2). However, for ear height (EH), ear length (EL) and 
number of rows per ear (NR) the transgenic plants presented superior performance when compared to 
conventional ones. 

The height of maize plants (PH) between conventional and transgenic genetic technologies did not show 
significant differences (Table 2). The highest PH was observed in the nitrogen applications in the V2 and V4 
stages, and in the split applications in V2+V4, V2+V8, V4+V6, V4+V8 and V2+V4+V6+V8 and lower with the 
application in the V6 + V8 stage. Although, ear height (EH) showed that maize plants with transgenic 
technology were higher than conventional ones (Table 3). The highest ear insertion heights (EH) were 
observed when the nitrogen was applied in the V4 stage and when it was parceled in the V2 + V4 and V4 + 
V6 stages. 

The application of N assists in the interception of solar radiation in photosynthetically active regions (Mir 
et al., 2010), probably by increasing the leaf area in maize plants under the effect of greater availability of 
N. Differential plant and ear insertion heights responses are attributed to the genotype, with little influence 
by maize management practices (Zucareli, Alves, Oliveira, & Machado, 2014), which was not observed in 
this work. 

Prolificity (PR) was higher in conventional plants and lower in transgenic plants (Table 3). The PR was 
higher when the N was parceled in the V2 + V6, V4 + V6 and V4 + V8 stages. The PR is important for the 
determination of the grain yield, since it composes the largest number of ears per m². The ear diameter 
(ED) was higher in the conventional TEC in relation to transgenic, while the ear length (EL) was higher in the 
transgenic TEC (Table 3). Nitrogen management at all stages of development did not significantly affect ED 
and EL. According to Kappes, Carvalho, Yamashita and Silva, (2009), the ear length may interfere with the 
number of grains per row, being an important variable for maize productivity, being able to be maximized 
as a function of the time of N application (Andrade et al., 2014). 

The highest number of rows per ear (NR) was found in transgenic maize plants (Table 3). In contrast, the 
number of grains per row (NG) was higher in conventional plants. The NR under the different N treatments 
was lower in the V6 application compared to the other stages, whereas the NG did not demonstrate 
significance among all the nitrogenated managements. Results differ from those obtained by Zucareli et al. 
(2014) when evaluating maize yield in response to times of nitrogen application, did not observe significant 
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differences for number of grain row per ear. The ability to form grains, in terms of row number and number 
of grains per row are closely linked to the genetic factor, however the availability of nutrients may 
compromise the response, so that for the present study the exclusive application of N fertilizer in the V6 
stage reduced the magnitude of both variables. 

Cob mass (CM) was higher in conventional plants compared to transgenic plants (Table 3). Although we 
analyzed the effect of N management in the V6 stage, it was the one that presented the lowest CM. 

There was no difference between the values of the thousand grain mass (TM) between conventional and 
transgenic TEC (Table 3). Souza et al. (2011) did not observe significant differences with the use of nitrogen 
in maize, which was similar for most treatments of the present study. However the use of exclusive 
nitrogen fertilization in V2 was inferior and significant to the best treatment. 

However, in the absence of a significant difference, the increase in the magnitude of thousand grain mass 
was observed, thus, influenced by the N splitting for top-dressing (Zucareli et al., 2014), with increased dose 
(Sangoi et al., 2011; Andrade et al., 2014) and with the high availability of N (Queiroz et al., 2011). The 
higher availability of N throughout the development of the plants favors the production of 
photoassimilates, increasing the accumulation of reserves in the grains. 

Grain yield (YI) was higher in conventional maize plants when compared to transgenic maize (Table 3). 
The highest grain yield was observed in the treatment with nitrogen splitting fertilization in V4 + V6, not 
differing from the other treatments, except for the treatments with nitrogen fertilization in single 
application in the V2, V8 and V6 stages where the lowest yields were verified. The lower yield observed in 
the single application of N in V2 may be associated to the great nutrient supply to the plant at a stage of 
low development and low nutritional demand, which may be reducing the availability of the element in the 
subsequent phenological stages. In relation to the lower single productivity in V6 and V8 it is observed, on 
the other hand, that the lack of availability and supply of N for plants prior to these stages must have 
generated a period of N deficiency, compromising the full functioning of plant metabolism, penalizing the 
reduction of grain yield.  

The yield of grains has complex environmental and genetic associations, since it is the final product of the 
process of growth and development of the crop. The use of embedded technology seems to influence grain 
yield. However, this technology aims to reduce the use of water and agrochemicals to control insect pests, 
so the choice of genotype and its respective embedded technology should have a broad holistic view of the 
market. So, that even with the reduction in grain yield the net balance of the producer may be greater, 
since there is a reduction of costs with the necessary management procedures. 

In a consensus, the availability during the development period favors the increment of the grain yield. So, 
as to avoid losses by leaching and better utilization of the nutrient, since it comprises an essential role for 
the growth of the plants because they constitute a portion of the proteins, chlorophyll and are associated 
with morphological and physiological changes, and participate in important metabolic routes (Andrade et 
al., 2014). 

There was interaction between management and technologies for cob diameter (CD), grain mass per ear 
(GM) and ear mass (EM) (Table 3). For the character of CD it is sought smaller magnitudes since it 
represents an energy consumption that could be directed to the grains. Thus, smaller magnitudes were 
observed among the technologies for the transgenic for the treatments with nitrogen fertilization in V4, V6 
and V4 + V8. Regarding the nitrogen fertilization management in the conventional technology, the smallest 
magnitude was observed in the V2 + V8 treatment, but for the transgenic technology, the smallest 
magnitude was observed in the V6 treatment. 

The highest grain mass per ear was observed in conventional maize plants when compared to the 
transgenic V2, V4, V6, V2 + V6 and V4 + V8 treatments (Table 4). For nitrogen management in the 
conventional hybrid, the highest GM was observed in the V4 treatment and did not differ statistically from 
the others, except for the V2 + V4 treatment, where it was lower and statistically different. For the 
transgenic technology the highest GM was observed in the V2 + V4 + V6 + V8 treatment, not differing from 
the V4, V8, V2 + V4, V2 + V8, V4 + V6 and V6 + V8 treatments. 

The ear mass presented superiority in the conventional technology in relation to the transgenic ones for 
the treatments V2, V4, V6 and V2 + V6 (Table 4). Regarding the effects of nitrogen fertilization on 
conventional technology, the treatment that stood out was V4 differing only from V2 + V4, which was lower 
and statistically different. For the transgenic technology, the highest magnitude was observed in the 
treatment in V2 + V4 + V6 + V8 and the lowest in the V2 treatment differing statistically.  
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These responses may be related to increased N content in maize leaves (Moda et al., 2014), and may be translocated to the reproductive structures conferring 
greater yield of maize grains. The explanatory model demonstrates the effect of the treatments on each evaluated character and its importance for the grain yield 
(Table 5). 
 
Table 2: Summary of the analysis of variance with the average tables for plant height (PH, cm), ear height (EH, cm), prolificity (PR, unids), ear diameter (ED, mm), 
ear length (EL, cm), number of grains per row (NG, unids), number of rows per ear (NR, unids), grain mass per ear (GM, g), cob diameter (CD, mm), cob mass (CM, 
g), ear mass (EM, g), thousand grains mass (TM, g), yield (YI, kg ha-1). 

 

ANOVA 

VS DF Mean Square 

    PH EH PR ED           EL NG NR 

Technology (TEC) 1 0.12* 0.629* 0.153* 27.66* 4.62* 582.45* 78.76* 

Management (MA) 10 0.037* 0.045* 0.08* 2.95ns 0.311ns 3.32ns 1.65* 

TEC* MA 10 0.028ns 0.021ns 0.028ns 2.65ns 1.11ns 7.72ns 0.919ns 

Block 17 3.25 0.006 0.031 3.27 2.02 7.88 1.11 

Residue 338 0.016 0.012 0.02 2.31 0.701 58.08 0.73 

CV (%)   6.1 8.1 13.2 3.4 5.2 7.58 6.1 

    GM CD CM EM TM YI   

Technology (TEC) 1 5351.55* 10.51* 400.63* 6745.75* 2437.18ns 19122491* 
 

Management (MA) 10 231.76ns 3.71* 3.75ns 520.06ns 932.79ns 8760829* 
 TEC* MA 10 357.01* 3.19* 8.35* 748.82* 774.89ns 5138662ns 
 

Block 17 2049.13 4.23 20.37 2164.8 3200.7 230328589 
 

Residue 376 368.71 1.31 4.79 363.4 740.4 2864175 
 

CV (%)   12.3 5.07 12.8 12.2 9.9 18.3   
            * and ns - significant at 5% probability and not significant, respectively; VS – Variation source; DF - degrees of freedom; CV - coefficient of variation. 
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Table 3: Average results for plant height (PH, m), ear height (EH, m), prolificity (PR, unidade), ear diameter (ED, mm), ear length (EL, cm), number of rows per ear 
(NR, unidade), cob mass (CM, g), number of grains per row (NG, unidade), thousand grains mass (TM, g) and yield (YI, kg) for technologies and management. 

 

Technology1 PH EH PR ED EL NR CM NG TM YI 

Conventional 2.05 a 1.32 b 1.1 a 44.01 a 15.98 b 13.38 b 18.05 a 38.24 a 276.6 a 9406.0 a 

Transgenic  2.08 a 1.4 a  1.06 b 43.47 b 16.2 a  14.28 a  16.01 b 35.75 b  271.55 a 9021.8 b 

Management PH EH PR ED EL NR CM NG TM YI 

V22 2.09 ab 1.36 bcd 1.04 cbd 43.34 a 16.05 a 13.69 ab 17.22 ab 36.91 a 263.67 b 8656.7 c 

V4 2.12 a 1.39 abc 1.09 cb 43.67 a 16.22 a 14.12 a 17.05 ab 36.98 a 270.8 ab 9388.6 abc 

V6 2.04 bc 1.35 cd 1.03 cbd 43.4 a 16.03 a 13.33 b 16.28 b 37.08 a 270.65 ab 8577.3 c 

V8 2.02 cd 1.31 d 1.03 cd 43.86 a 15.97 a 13.97 a 16.72 ab 36.49 a 276.88 ab 8791.4 bc 

V2+V4 2.07 abc 1.41 ab 1.01 d 43.7 a 16.01 a 13.68 ab 16.79 ab 37.58 a 270.14 ab 8965.1 abc 

V2+V6 2.05 bc 1.36 bcd 1.11 abc 43.52 a 16.03 a 13.8 a 16.92 ab 36.51 a 274.35 ab 9345.4 abc 

V2+V8 2.07 abc 1.35 cd 1.06 cbd 43.85 a 16.17 a 13.79 a 17.41 ab 36.88 a 276.5 ab 9283.9 abc 

V4+V6 2.1 ab 1.42 a 1.81 a 43.79 a 16.23 a 13.84 a 17.19 ab 37.09 a 276.89 ab 9780.6 a 

V4+V8 2.07 abc 1.36 bcd 1.11 ab 44.01 a 16.04 a 14.06 a 17.61 a 37.06 a 277.37 ab 9678.5 ab 

V6+V8 1.96 d    1.31 d 1.09 cb 43.86 a 16.05 a 13.97 a 17.03 ab 36.96 a 275.6 ab 9116.7 abc 

V2+V4+V6+V8 2.06 abc 1.36 bcd 1.10 abc 44.12 a 16.14 a 13.83 a 17.11 ab 37.43 a 282.3 a 9678.2 ab 

CV% 6.1 8.1 13.2 3.4 5.2 6.1 12.8 7.5 9.9 18.3 
  1Averages followed by the same letter, lowercase in the column, do not differ statistically with a 5% probability of error by tukey tests. 2V2: in V2 stage; V4: in V4 stage; V6: in V6    
stage; V8: in V8 stage; V2 + V4: in V2 and V4 stages; V2 + V6: in V2 and V6 stages; V2 + V8: in V2 and V8 stages; V4 + V6: in V4 and V6 stages; V4 + V8: in V4 and V8 stages; V6 + V8: 
in V6 and V8 stages; V2 + V4 + V6 + V8: in V2, V4, V6 and V8 stages. 
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   Table 4: Averages for the characters cob diameter (CD, mm), grain mass per ear (GM, g) and ear mass (EM, g) for technology x nitrogen management interaction. 

CD 
 

GM 
 

EM 

Technology 

Management1 Conv Trans  Management Conv Trans  Management Conv Trans 

  
V22 22.63 abcA 22.06 bcA 

 
V2 160.62 abA 146.92 bB 

 
V2 158.88 abA 137.08 dB 

V4 23.33 aA 22.3 bB 
 

V4 163.75 aA 150.81 aB 
 

V4 164.59 aA 150.23 abcB 

V6 22.57 abcA 21.4 cB 
 

V6 162.54 abA 140.9 bB 
 

V6 161.01 abA 140.94 cdB 

V8 22.49 bcA 22.76 abA 
 

V8 159.85 abA 151.71 aA 
 

V8 160.16 abA 148.76 abcdA 

V2+V4 22.98 abcA 23.4 aA 
 

V2+V4 150.96 bA 156.9 aA 
 

V2+V4 149.29 bA 155.68 abA 

V2+V6 22.89 abcA 22.39 bA 
 

V2+V6 163.22 abA 146.52 bB 
 

V2+V6 163.48 aA 147.65 bcB 

V2+V8 22.31 cA 22.77 abA 
 

V2+V8 158.85 abA 156.82 aA 
 

V2+V8 159.02 abA 154.35 abA 

V4+V6 22.47 bcA 22.72 abA 
 

V4+V6 160.62 abA 158.43 aA 
 

V4+V6 162.61 aA 156.86 abA 

V4+V8 23.12 abA 22.08 bcB 
 

V4+V8 163.68 abA 145.41 bB 
 

V4+V8 164.46 aA 155.18 abA 

V6+V8 22.52 bcA 22.05 bcA 
 

V6+V8 157.77 abA 158.91 aA 
 

V6+V8 154.89 abA 156.57 abA 

V2+V4+V6+V8 23.13 abA 22.83 abA 
 

V2+V4+V6+V8 156.85 abA 162.43 aA 
 

V2+V4+V6+V8 158.73 abA 161.15 aA 

CV(%) 5.07 
 

12.3 
 

12.2 
1Averages followed by the same letter, upper case in the line and lower case in column, do not differ at the 5% probability level. 2V2: in V2 stage; V4: in V4 stage; V6: in V6 stage; 
V8: in V8 stage; V2 + V4: in V2 and V4 stages; V2 + V6: in V2 and V6 stages; V2 + V8: in V2 and V8 stages; V4 + V6: in V4 and V6 stages; V4 + V8: in V4 and V8 stages; V6 + V8: in V6 
and V8 stages; V2 + V4 + V6 + V8: in V2, V4, V6 and V8 stages. 
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Table 5: Estimated parameters of the predictor model for grain yield of maize related to characters plant height (PH), ear height (EH), prolificity (PR), ear diameter 
(ED), ear length (EL), number of grains per row (NG), number of rows per ear (NR), grain mass per ear (GM), cob diameter (CD), cob mass (CM), ear mass (EM) and 
thousand grains mass (TM). 
 

*coefficient not significant at 5% probability by the Tukey test. 1V2: in V2 stage; V4: in V4 stage; V6: in V6 stage; V8: in V8 stage; V2 + V4: in V2 and V4 stages; V2 + 
V6: in V2 and V6 stages; V2 + V8: in V2 and V8 stages; V4 + V6: in V4 and V6 stages; V4 + V8: in V4 and V8 stages; V6 + V8: in V6 and V8 stages; V2 + V4 + V6 + V8: in 
V2, V4, V6 and V8 stages. 

Character Treatment Intercept 
Explanatory characters of the predictor model 

PH EH PR ED EL NG NR GM CD CM EM TM 

GY 

V21 29873.00 -4869.43 .* 6045.30 . -2246.07 . . . . . 45.30 45.89 

V4 13127.00 . . . . -1703.03 . 1130.87 -167.85 . . 218.47 . 

V6 -5026.49 -1733.33 . . . 851.95 . . -78.22 . . 102.55 . 

V8 8689.80 -6598.89 . . 312.49 . . . . . . . . 

V2+V4 27240.00 -8322.48 6761.67 . . . . -741.08 . . . . . 

V2+V6 11637.00 -8472.06 5963.54 6120.18 . . . . . . . . . 

V2+V8 33192.00 -11622.00 6847.32 . . . -153.22 . 58.57 -536.78 . . . 

V4+V6 17874.00 -8168.66 4632.28 -1954.75 . . . . . . . . 17.28 

V4+V8 5489.79 -7865.75 7431.61 6941.47 . . . . . . -350.24 54.32 . 

V6+V8 755.33 -4759.54 7018.86 . . -1885.86 536.95 956.38 51.23 . -586.90 . 27.80 

V2+V4+V6+V8 15017.00 -7611.68 5356.20 -2752.76 . . . . . . . 38.21   
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In the treatment V2 nitrogen fertilization favored higher yield due to higher prolificacy, grain mass per ear 
and thousand grain mass, but it was not favored by plant height and ear length (table 5). Nitrogen 
fertilization at this stage provided a grain yield 6% lower than the average of treatments (figure 1).   

Figure 1: Causal diagram of grain yield of maize referring to the efficient management of nitrogen for 
different phenological stages. Plant height (PH), ear height (EH), prolificity (PR), ear diameter (ED), ear 
length (EL), number of grains per row (NG), number of rows per ear (NR), grain mass per ear (GM), cob 
diameter (CD), cob mass (CM), ear mass (EM), thousand grains mass (TM), yield (YI). V2 stage (V2), V4 stage 
(V4), V6 stage (V6), V8 stage (V8), V2 and V4 stages (V2+V4), V2 and V6 stages (V2+V6), V2 and V8 stages 
(V2+V8), V4 and V6 stages (V4+V6), V4 and V8 stages (V4+V8), V6 and V8 stages (V6+V8); V2, V4, V6 and V8 
stages (V2+V4+V6+V8). 

 
In nitrogen fertilization in V4, grain yield is favored by higher number of rows per ear and ear mass, not 

being favored by ear length and grain mass (Table 5). Grain yield with nitrogen fertilization at this stage was 
higher than the average by 2%. 

In the treatment with nitrogenous fertilization in V6, the highest grain yield was influenced by a higher 
ear length and ear mass, but plant height and did not favor higher yields. The grain yield of plants with 
nitrogen fertilization in V6 was 6.8% lower than the average of the treatments. 

The yield with V8 treatment was favored by better characteristics of ear diameter in contrast to plant 
height. The grain yield was 4.5% lower when nitrogen was applied in V8 stage in relation to the average of 
the treatments. 

The grain yield for the treatment with splitted nitrogen fertilization in the V2 + V4 stages is favored by 
plants with higher ear insertion height and disadvantaged by ear with smaller number of rows and plants 
with smaller height. The application of nitrogen in V2 + V4 reflected in 2.6% lower grain yield. 

Nitrogen fertilization in V2 + V6 favored the grain yield as it allowed the development of plants with 
higher prolificacy and higher ear insertion height, but the very high plant height contributed negatively to 
the yield. Nitrogen applications in this treatment favored a productivity 1,5% higher than the average of the 
treatments. 

Splitted nitrogen management in V2 + V8 favored a grain yield higher than the average of other 
treatments in 0.8%. This result was favored by plants with higher grain mass and ear height, but the high 
cob diameter, low number of grains per row and very high plant height contributed negatively to grain 
yield. 

Nitrogen management in the V4 + V6 stages reflected a grain yield of 6.2% higher than the average of the 
treatments, favoring the development of maize plants with greater thousand grain mass and higher ear 
insertion height, but plants with lower prolificacy and very high plant height were unfavorable to grain yield 



10 

    Agronomy Science and Biotechnology, Rec. 124, Volume 7, Pages 1-12, 2021 

 

 

in this treatment. 
For the treatment with nitrogen management in the V6 + V8 stages grain yield is favored by plants with 

higher ear insertion height, higher number of grains per row, larger number of rows, greater grain mass per 
ear and larger thousand grain mass, but characteristics such as very high plant height, very short ear length, 
and very high cob mass negatively influence the yield. 

The treatment with nitrogen management in the V4 + V8 stages favored grain yield by producing plants 
with higher ear mass, greater prolificacy and higher ear insertion height, but negatively influenced by 
characteristics of excessive plant height and very high cob mass. The grain yield with nitrogen splitting in V4 
+ V8 was 5.1% higher than the average of the other treatments. 

For the management of nitrogen fertilization in the V2 + V4 + V6 + V8 stages, grain yield is favored by 
plants with higher ear insertion height and greater ear mass, but excessive plant height and low prolificacy 
negatively influence yield. This treatment allowed a higher grain yield in 5.1%. 

The effect of nitrogen management was positive in V4 stage and in nitrogen splitting doses in V4 + V6, V4 
+ V8 and V2 + V4 + V6 + V8, according to Magalhães et al. (2002), who verified that in maize plants, in the 
V3 stage the number of leaves and ears per plant is defined, and until V8 the number of grains and rows per 
ear are defined. In the phenological stage of V4 occurs the definition of the maximum productive potential 
defined by virtue of the differentiation of the apical meristem in maize plants and definition of the number 
of ovules for the formation of the ear. In V8 occurs the beginning of the increase of the growth rate of ears 
(Fancelli & Dourado-Neto, 2004; Fornasieri-Filho, 2007). 

 

CONCLUSIONS 

There was interaction between genetic technologies and levels of nitrogen fertilization in the maize crop. 
The highest grain yield was obtained with conventional technology because it presented plants with 

greater prolificacy, ear diameter and number of grains per row. 
Grain yield was superior with nitrogen fertilization in V4 and in nitrogen splitting in the V4 + V6, V4 + V8 

and V2 + V4 + V6 + V8 stages. 
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