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ABSTRACT 
 

Aims: The research was carried out to evaluate the agronomic performance of corn cultivars in 
contrasting phosphorus environments in the state of Pará, Brazil. 
Study Design: The experimental design was randomized blocks with ten treatments and three 
replications. The treatments were composed of ten cultivars: AG 1051, AG 8088PRO2, BR 206, 
BRS 3046, PR 27D28, 2B655PW, AL BANDEIRANTE, ANHEMBI, CATIVERDE 02 and ORION 
Place and Duration of Study: In the 2017/18 crop, two competition trials of corn cultivars were 
carried out at Sítio Vitória, municipality of Santa Maria das Barreiras, state Pará, Brazil. 
Methodology: Two competition trials of corn (Zea mays L.) cultivars were carried out under 
contracting conditions of phosphorus: high P (100 kg ha-1 of P2O5) and low P (50 kg ha-1 of P2O5), 
using simple superphosphate (18% P2O5) as the source. The agronomic efficiency of phosphorus 
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use was obtained by the difference between grain yield in both levels, divided by the difference 
between doses. The variables evaluated were: ear height, plant height, ear diameter, number of 
rows per year, number of grains per rows and grain yield.  
Results: The mean grain yield of the cultivars ranged from 5,446 kg ha

-1
 (low P) to 11,486 kg ha

-1
 

(high P), and the means of all cultivars were higher in high P. The means agronomic efficiency 
ranged from 25.1 kg kg-1 (AL BANDEIRANTE) to 96.6 kg kg-1 (AG 1051). 
Conclusion: The highest phosphorus dose (100 kg ha

-1
 of P2O5) resulted in higher values in the 

variables studied. The cultivars that stood out the most, under high and low phosphorus, were AG 
8088PRO2, AG 1051 and BRS 3046, the last two being agronomically efficient. 
 

 

Keywords: Abiotic stress; grain yield; phosphate fertilizer; phosphorus use efficiency; Zea mays L. 
 

1. INTRODUCTION 
 

Global agriculture faces the challenge of 
increasing food production. In this context, owing 
to limitations regarding the expansion of the 
cultivated area, it is necessary to increase crop 
yield [1]. Where corn (Zea mays L.) stands out 
for being the most cultivated cereal in the world 
and source of carbohydrate in human and animal 
feed [2].  
 

Corn is a crop of food, social, economic and 
agronomic importance. It is used together with 
soy as the basis of animal feed [2]. Also, it is 
used in production systems for the succession or 
rotation of crops which leads to decreased 
incidence of pests and diseases and brings other 
benefits [3,4].  
 

In the 2018/2019 harvest, the cultivated area in 
Brazil reached 17 million hectares and a total 
production of 100 million tons. In the state of 
Pará, production has been increasing year on 
year, but the grain yield of 3,320 kg ha

-1
 is still 

lower than the mean in the northern region of 
Brazil [5]. This low yield results from high 
temperatures, low technological level employed, 
and lack of cultivars adapted to abiotic stress 
conditions [6].  
 

Corn is a nutrition-demanding plant, where 
nutrient extraction in the vegetative period 
follows the decreasing order: Potassium (K) > 
nitrogen (N) > phosphorus (P). On the other 
hand, in the reproductive period the largest 
extraction is of N, followed by K and P [7]. For 
each ton of grain produced, a mean of 14.2 kg of 
N, 1.5 kg of P, and 2.8 kg of K are exported [8].  
 

About phosphorus, it is almost all translocated to 
the grains (87%), because it is associated with 
the reserve organic compounds [9]. In the plant, 
it performs structural functions, participates in 
various processes (photosynthesis, protein 
synthesis and energy transfer) and acts directly 

and indirectly on various biological phenomena. 
Thus, the application of P increases the content 
in the leaves and impacts the growth and 
development of plants [10]. 
 
In cerrado soils, a limitation for corn production is 
the low natural availability of P and the high 
retention potential of P applied, tending to 
precipitate with Fe or Al, or to be adsorbed on 
the surface of clay and iron and aluminum oxides 
[10,11,12]. In this sense, to obtain high yields, 
the use of phosphate fertilization is essential. 
However, given the high cost of these fertilizers 
and as the phosphate rock (raw material for 
manufacturing) it is a finite resource, it is 
necessary the proper use of phosphate fertilizers 
and the search for more efficient cultivars in the 
use of phosphorus [13].  
 
The reduction in nutrient removal values by 
modern corn cultivars shows probable gains in-
use efficiency [8]. However, there is still little 
information on the behavior of cultivars at 
different phosphorus levels, especially in the 
state of Pará.  
 

Therefore, the objective of this research was to 
evaluate the agronomic performance of corn 
cultivars in contrasting phosphorus environments 
in the state of Pará, Brazil. 
 

2. MATERIALS AND METHODS 

 
2.1 Study Location 
 
In the 2017/18 crop, two competition trials of corn 
cultivars were carried out at Sítio Vitória, 
municipality of Santa Maria das Barreiras, state 
Pará, Brazil (Fig. 1), one performed under high P 
(100 kg ha

-1
 of P2O5) and another under low P 

(50 kg ha
-1

 of P2O5), applied at sowing, using as 
source the fertilizer simple superphosphate (18% 
Of P2O5). The date of sowing was 23 December 
2017. 



 
Fig. 1. Location of Sítio Vitória in Santa Maria das Barreiras, state of Pará, Brazil

 
The chemical and physical characteristics of the 
soil of the experimental area from 0 to 20 cm 
layer are presented in Table 1. The soil of the 
experimental area presents phosphorus content 
classified as very low [11]. The contrasting doses 
of phosphorus (100 kg ha-1 of P2O5 
1 of P2O5) were defined according to the 
availability of the nutrient in the soil [14].
 
The climate of the region is classified as Aw 
according to the classification of Köppen [15]. 
The climatological means of precipitation, 
minimum and maximum temperature of the 
municipality of Santa Maria das Barreiras, state 
of Pará, are presented in Fig. 2. 
 

2.2 Experimental Design 
 
The experimental design used in each trial was 
randomized blocks with ten treatments and three 
replicates. The treatments were composed of ten 
cultivars (Table 2), seven hybrids: AG 1051, AG 
8088PRO2, BR 206, BRS 3046, PR 27D28, 
2B655PW and ORION and three populations of 
open pollination (OP): AL BANDEIRANTE, 
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Fig. 1. Location of Sítio Vitória in Santa Maria das Barreiras, state of Pará, Brazil

characteristics of the 
soil of the experimental area from 0 to 20 cm 
layer are presented in Table 1. The soil of the 
experimental area presents phosphorus content 
classified as very low [11]. The contrasting doses 

 and 50 kg ha-

) were defined according to the 
availability of the nutrient in the soil [14]. 

The climate of the region is classified as Aw 
according to the classification of Köppen [15]. 
The climatological means of precipitation, 

mum temperature of the 
municipality of Santa Maria das Barreiras, state 

The experimental design used in each trial was 
randomized blocks with ten treatments and three 

re composed of ten 
cultivars (Table 2), seven hybrids: AG 1051, AG 
8088PRO2, BR 206, BRS 3046, PR 27D28, 
2B655PW and ORION and three populations of 
open pollination (OP): AL BANDEIRANTE, 

ANHEMBI and CATIVERDE 02. The 
experimental plot consisted of four row
m, with a spacing of 0.90 m. 
 
Soil tillage using a plow, a disk harrow, and 
furrower. Thinning was performed after 
emergence, leaving the spacing of 0.20 m 
between plants, to obtain a population of 55,555 
plants ha-1. 
 
Nitrogen and potassium fertilization, in cover, 
were divided into stages V4 and V8 (four and 
eight completely open leaves). The dose of 150 
kg ha-1 of N and 90 kg ha-1 of K
using urea (43% N) and potassium chloride (60% 
K2O) as the source. 
 
2.3 Data Collection and Analysis
 
The harvest was performed when the plants 
reached the physiological maturation stage (R6), 
using the two central rows of the plots, discarding 
0.50 m from each end. Then, the grains weighed, 
moisture corrected 13% and grain yield 
transformed into kg ha-1. 

 
 
 
 

; Article no.ARRB.58902 
 
 

 

Fig. 1. Location of Sítio Vitória in Santa Maria das Barreiras, state of Pará, Brazil 

ANHEMBI and CATIVERDE 02. The 
experimental plot consisted of four rows of 5.00 

Soil tillage using a plow, a disk harrow, and 
furrower. Thinning was performed after 
emergence, leaving the spacing of 0.20 m 
between plants, to obtain a population of 55,555 

fertilization, in cover, 
were divided into stages V4 and V8 (four and 
eight completely open leaves). The dose of 150 

of K2O was used, 
using urea (43% N) and potassium chloride (60% 

Analysis 

The harvest was performed when the plants 
reached the physiological maturation stage (R6), 
using the two central rows of the plots, discarding 
0.50 m from each end. Then, the grains weighed, 
moisture corrected 13% and grain yield 
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Table 1. Chemical and physical characteristics of the soil of the experimental area from 0 to 20 
cm layer 

 
Clay pH OM* P K

+
 Ca

2+
 Mg

2+
 Al

3+
 CTC 

% CaCl2 dag kg
-1

 mg dm
-3

 mg dm
-3

 cmolc 
dm-3 

cmolc 
dm-3 

cmolc 
dm-3 

cmolc 
dm-3 

15 4.8 1.7 4.9 43 1.7 0.3 0.20 5.21 
*OM: Organic matter 

 

 
 

Fig. 2. Climatological means of rainfall, minimum temperature and maximum of the 
municipality of Santa Maria das Barreiras, State of Pará, Brazil 

Adapted from Climatempo [16] 
 

Table 2.Agronomic characteristics of the ten corn cultivars used in the experiment 
 
Cultivar Genetic 

base 
Transgeny Cycle Use Technological 

level 
AG 8088PRO2 SH* PRO2 Early G/WPS High 
2B655PW TH PW Early G/WPS/WGS Medium 
BRS 3046 TH C Medium early MV Medium/High 
AG 1051 DH C Medium early G/MV/WPS Medium/High 
BR 206 DH C Early G/WPS Medium/High 
ORION DH C Early G Low/Medium 
PR 27D28 DH C Super early G/WPS Low/Medium 
AL BANDEIRANTE OP C Medium early G/WPS Low/Medium 
ANHEMBI OP C Early G/WPS Low/Medium 
CATIVERDE 02 OP C Medium early MV/WPS Medium 

*SH: simple hybrid, DH: double hybrid, TH: triple hybrid, OP: populations of open pollination, PRO2: VT PRO 2™ 
technology, PW: Powercore™ technology, C: conventional, G: grain, MV: green corn, WPS: whole plant silage, 

WGS: wet grain silage. Adapted from Cruz et al. [17] 
 

The ear height (EH) and plant (PH) were 
measured with a metric tape, considering the 
distance from the soil to the insertion of the first 
ear and last open leaf, respectively. And the ears 
were determined the number of rows of grains 
(NR), the number of rows grains (NGR) and with 
the use of a caliper the diameter (ED) in its 
middle third. 
 

The data were submitted to the normality test. 
Then, variance analysis was performed for each 

assay and, after, joint analysis following the 
criterion of homogeneity of the residual mean 
squares of the assays. The means were 
compared by the Scott and Knott [18] group test 
at 5% significance, using the SISVAR program 
[19]. 
 

The agronomic efficiency of phosphorus use, for 
the differentiation of cultivars, was obtained from 
the methodology proposed by Johnston et al. 
[20], which measures the difference between 
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grain yield in both levels, divided by the 
difference between the P doses used. 

 
3. RESULTS AND DISCUSSION 
 
There was a significant effect of the interaction 
cultivars x assays (Table 3) for the variables: ear 
height, plant height and grain yield. According to 
Perecin and Cargnelutti Filho [21], the 
significance of the interaction demonstrates that 
the factors studied are dependent, that is, the 
performance of cultivars for these variables 
depends on the level of phosphorus. 

 
For ear diameter and number of grains per row 
the effect of cultivars and asses was significant. 
On the other hand,for the number of rows of 
grains there was a significant effect only for 
assays. 
 
The coefficients of variation (CV) of EH, PH, ED, 
NGR, and GY are classified as low and the 
experimental precision as high, and the NR as 
medium and the accuracy also mean [22]. 

 
The means of EH (Table 4) ranged from 83 to 
148 cm, and the cultivars were divided into two 
groups of means under low P and four groups in 
high P. Exceptfor cultivar PR 27D28 which did 
not differ in the two trials, the cultivars presented 
higher values of AE in high P. The cultivars in 
low P that stood out were: PR 27D8 and 
CATIVERDE 02 and in high P: CATIVERDE 02, 
followed by ORION and AG1051. Under high P 
AG 8088PRO2 and BRS 3046 presented lower 
ears. 

 
All cultivars had higher means of PH in high P, 
ranging from 182 to 240 cm. In low P six groups 
of means were formed, CATIVERDE 02 obtained 
the highest plant height and BRS 3046 at the 
lowest height. In high P four groups were formed, 

where again CATIVERDE 02 and also BR 206 
obtained the highest means. On the other hand 
2B655PW, AG 8088PRO2 and BRS 3046 had 
the lowest values in both trials. 
 
According to Edwiges et al. [23] and Kopper et 
al. [24], there is a positive correlation between 
PH and EH, that is, generally taller plants also 
have higher ears.  
 
In studies by Alves et al. [25] with fifty-eight corn 
genotypes and Alves et al. [26] with thirty-six 
genotypes, mean EH of 88 cm and 96 cm were 
obtained. These authors also found mean PH of 
233 cm and 187 cm, respectively. 
 
A high ear insertion height predisposes plants to 
lodge and also disfavors the accumulation of 
carbohydrates in the grains [27]. Because the 
leaves above the ear are more efficient in grain 
yield [28]. On the other hand, plant height and 
low ear insertion may result in losses in 
mechanized harvesting and a decrease in grain 
purity [29]. 
 
The largest ear diameter, the number of rows of 
grains, and the number of grains per row were 
obtained when a high dose of phosphorus was 
used.  
 

Regarding the ED three groups of means were 
formed, with the highest value obtained by BRS 
3046 (53.7 mm), and the lowest values coming 
from AL BANDEIRANTE, ANHEMBI and  
ORION. 
 

For NR the cultivars did not presentsignificant 
differences. And P doses increased NGR from 
29 to 35. The cultivars with thehighest means 
were BRS 3046 (36) and PR 27D28 (34) 
followed by BRS 206 (33) and AG 8088PRO2 
(33). The lowest number of grains per row was 
obtained by AL BANDEIRANTE (29). 

 
Table 3. Analysis of joint variance of ear height (EH), plant height (PH), ear diameter (ED), 
number of rows of grains (NR), number of grains per row (NGR) and grain yield (GY) of ten 
corn cultivars as a function of phosphorus doses, in the state of Pará, Brazil, crop 2017/18 

 
Source of variation Degree of 

freedom 
Mean square 

EH PH ED NR NGR GY 
Environments (E) 1 ** ** ** ** ** ** 
Cultivar (C) 9 ** ** ** ns ** ** 
EC Interaction 9 ** ** ns ns ns ** 
Block (Environments) 4 ns ns ns ns ns ns 
Mean 105.4 211.3 50.5 17.7 32.2 8,043.1 
Coefficients of variation (%) 6.3 1.4 3.5 12.5 4.8 3.5 

**: significant by the F test at 5% significance, ns: nonsignificant 
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Table 4.Means ear height, plant height, ear diameter, number of rows of grains, number of grains per row, of ten corn cultivars as a function of 
phosphorus doses in the state of Pará, Brazil, crop 2017/18 

 
Cultivar Ear height (cm) Plant height (cm) Ear 

diameter 
(mm) 

Number of 
grains per 
row 

Grain yield (kg ha
-1

) Agronomic 
efficiency  
(kg kg-1) 

Low P High P Low P High P Low P High P 

PR 27D28 104 Aa* 113 Ac 195 Be 225 Ab 51.5 b 34 a 7,387 Ba 9,482 Ac 41.9 
2B655PW 86 Bb 109 Ac 199 Bd 209 Ad 51.5 b 31 c 6,698 Ba 10,450 Ab 75.0 
AG 1051 93 Bb 127 Ab 211 Bb 225 Ab 50.2 b 32 c 6,344 Bb 11,174 Aa 96.6 
AG 8088PRO2 85 Bb 98 Ad 199 Bd 211 Ad 51.9 b 33 b 7,998 Ba 10,177 Ab 43.6 
AL BANDEIRANTE 93 Bb 112 Ac 192 Be 224 Ab 48.6 c 29 d 5,824 Bb 7,077 Ae 25.1 
ANHEMBI 83 Bb 117 Ac 202 Bc 216 Ac 49.0 c 31 c 5,446 Bb 8,490 Ad 60.9 
BR 206 94 Bb 126 Ab 205 Bc 237 Aa 50.3 b 33 b 7,412 Ba 9,249 Ac 36.7 
BRS 3046 91 Bb 105 Ad 182 Bf 205 Ad 53.7 a 36 a 7,136 Ba 11,486 Aa 87.0 
CATIVERDE 02 110 Ba 148 Aa 220 Ba 240 Aa 50.6 b 32 c 5,501 Bb 7,650 Ae 43.0 
ORION 94 Bb 123 Ab 203 Bc 228 Ab 47.4 c 32 c 6,169 Bb 9,710 Ac 70.8 
Mean 93 118 201 222 50.5 32 6,592 9,495 58.1 
Level Ear diameter (mm) Number of rows of grains Number of grains per row 
Low P 48.2 b 16.5 b 29 b 
High P 52.8 a 18.9 a 35 a 
*Means followed by the same lowercase letter between cultivars, in the same assay. And uppercase between assays, for the same cultivar, belong to the same group, by the 

criteria of grouping Scott and Knott [18], at 5% significance 
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Researching phosphorus doses Ribeiro et al. 
[30] and Oliveira et al. [31] also found means in 
the ED of 49 and 52 mm, in the environments 
with 140 and 150 kg ha

-1
 of P2O5, respectively. 

Mendoza-Mendoza et al. [32] evaluating fifty-
three genotypes obtained ED of 49 mm, very 
close to the present study. 
 
Jumaa and Madab [33], Mendoza-Mendoza et al. 
[32] and Ahmed et al. [34] found means of NR: 
16.6, 15.4 and 15.2 rows, values close to those 
of low P.  
 
Guimarães et al. [35] and Ullah et al. [36] found 
values of NGR close (36 and 35 grains per row) 
to the value obtained in high P.  
 
Oliveira et al. [37] observed that in crops with 
high yields, above 13 Mg ha

-1
, the mean number 

of rows per ear was equal to 17, and number of 
grains per row of 31 grains. 
 
Corroborating these results, Bento et al. [38], 
Castro et al. [39], Ribeiro et al. [30] and Oliveira 
et al. [31] also observed an increase in EH, PH, 
NR and NGR with phosphorus increase. 
 
The mean grain yield of the cultivars ranged from 
5,446 kg ha

-1
 (low P) to 11,486 kg ha

-1
 (high P), 

and the means of all cultivars were higher in high 
P. 
 
In the low P assay, the means were divided into 
two groups, PR 27D28, 2B655PW, AG 
8088PRO2, BR 206 and BRS 3046 were the 
most productive. These yields were higher than 
the mean of 3,320 kg ha-1 in the state of Pará [5], 
demonstrating the importance of conducting 
regional trials to evaluate cultivars in different 
environments.  
 
In high P the means were divided into five 
groups, where BRS 3046 (11,486 kg ha

-1
) and 

AG 1051 (11,174 kg ha-1) were the most 
productive. On the other hand, AL 
BANDEIRANTE (7,077 kg ha

-1
) and CATIVERDE 

02 (7,650 kg ha-1) obtained the lowest yields.  
 
The cultivars BRS 3046 and AG 1051 are 
indicated for environments where the 
technological level employed is high (Table 2), 
which confirms their potential use in high P. 
 
It is noteworthy that the cultivars with the highest 
number of rows and the highest number of grains 

per row were also the most productive. 
According to Jumaa and Madab [33] and Ahmed 
et al. [34], these characters have a direct 
influence on yield. 

 
The mean grain yields found by Meirelles et al. 
[40] for forty-two genotypes in two harvests and 
Colombo et al. [41] for thirty-six other genotypes 
were 3,941 and 6,125 kg ha-1 for low P, and 
8,867 and 8,671 kg ha

-1
 for high P. Values lower 

than those found in this study. 

 
In very low phosphorus availability, theannual 
cultural yield is limited by up to 40% of potential. 
In this environment cultivars should present 
mechanisms for this restriction environment. 
Such as: changes in the architecture and 
morphology of the roots, increased capacity to 
absorb P, rhizosphere acidification or symbiosis 
with microorganisms [11, 42]. 
 
The differences in yield between cultivars can be 
explained by the greater vigor and heterosis of 
hybrids, which had the highest yields at the two 
phosphorus levels  

 
Regarding agronomic efficiency (AE) the means 
ranged from 25 kg kg

-1
 (AL BANDEIRANTE) to 

97 kg kg-1 (AG 1051). Where cultivars AG 1051 
(97 kg kg

-1
), BRS 3046 (87 kg kg

-1
), 2B655PW 

(75 kg kg-1), ORION (71 kg kg-1) and ANHEMBI 
(61 kg kg-1) showed efficiency higher than the 
general mean (58 kg kg

-1
). That is why they are 

considered efficient in the use of P [43]. Of these, 
BRS 3046 was highly productive in high and low 
P trials. 
 

The AE values found are higher than those 
obtained by Fidelis et al. [44] (26.34 kg kg

-1
) and 

close to those obtained by Xu et al. [45] who in 
three harvests and six doses of P, obtained AE 
of up to 60 kg kg-1. 
 

AE is a highly complex character and influenced 
by several factors, mainly linked to physiological 
processes (acquisition. translocation. 
assimilation and remobilization of the nutrient) 
and environmental conditions [46].  
 

The improvement of this characteristic is being 
addressed by traditional and molecular 
improvement strategies, and the ZmPTF1 gene 
has already been identified as responsible for 
modifying root architecture in a P-limiting 
environment [47]. 
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4. CONCLUSION 
 

The highest phosphorus dose, 100 kg ha
-1

 of 
P2O5, resulted in higher values in the variables 
studied. 
 

The cultivars that stood out the most under high 
and low phosphorus were: AG 8088PRO2, AG 
1051 and BRS 3046, the last two being 
agronomically efficient. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Saath KCO, Fachinello AL. Growth in 
world food demand and land restrictions in 
Brazil. Rev. Econ. Sociol. Rural. 
2018;56(2):195-212.  
Available:http://doi.org/10.1590/1234-
56781806-94790560201 

2. Contini E, Mota MM, Marra R, Borghi E, 
Miranda RA, Silva AF, et al. Corn - 
Characterization and Technological 
Challenges. SeteLagoas: EmbrapaMilho e 
Sorgo; 2019. 

3. Oliveira LJ, Salvadori JR, Corso IC. No-
tillagefavors natural pestcontrol. Visão 
agrícola. 2009;9:99-103. 

4. Reis EM, Casa RT, Bianchin V. Control of 
plant disease by crop rotation. Summa 
phytopathol. 2011;37(3):85-91.  
Available:https://doi.org/10.1590/S0100-
54052011000300001 

5. National Supply Company. Monitoring of 
the Brazilian grain harvest: at welfth 
survey. Brasília: CONAB. 2019;6(12).  
Available:https://www.conab.gov.br/info-
agro/safras/graos/boletim-da-safra-de-
graos/item/download/28484_9a9ee12328b
aa359b3708d64e774e5d8. 
Accessed 06 May 2020. 

6. Coelho BA, Dias VC, Pelúzio JM, Souza 
CM, Siqueira GB, Santos WF. Productivity 
of the corn cultivated under low latitude in 
the intercrop inoculated with 
Azospirillumbrasilense with different doses 
of nitrogen. J. Bioen. Food Sci. 
2019;6(1):18-28. 
Available:http://doi.org/10.18067/jbfs.v6i1.2
55 

7. Menezes JFS, Berti MPS, Júnior VDV, 
Ribeiro RL, Berti CLF. Extraction and 
export of nitrogen, phosphorus and 
potassium by maize fertilized with pig 

slurry. Rev. Agric. Neotrop. 2018;5(3):55-
59.  
Available:https://doi.org/10.32404/rean.v5i
3.1645 

8. Simão EDP, Resende AV, Gontijo Neto 
MM, Borghi E, Martins DC, Vanin A. 
Nutrient demand for off-season corn 
according to the sowing and fertilization 
season. Rev. bra. milho sorgo. 2017;16 
(3):481-494.  

Available:https://doi.org/10.18512/1980-
6477/rbms.v16n3p481-494 

9. Resende AV, Furtini Neto AE, Alves VMC, 
Muniz JA, Curi N, Faquin V, et al. 
Phosphorus sources and application 
methods for Maize in Soil of the Cerrado 
region. Rev. Bras. Ciênc. Solo. 
2006;30:453-466.  

Available:https://doi.org/10.1590/S0100-
06832006000300007 

10. Prado RM. Plantnutrition. São Paulo: 
Editora UNESP; 2008. 

11. Sousa DMG, Rein TA, Santos Junior J. 
Management of phosphate fertilization for 
annual crops in the cerrado. Planaltina: 
Embrapa Cerrados; 2016. 

12. Souza RF, Faquin V, Torres PRF, Baliza 
DP. Liming and organic fertilizer: influence 
on phosphorus adsorption in soils. Rev. 
Bras. Ciênc. Solo. 2006;30(6):975-983. 

Available:https://doi.org/10.1590/S0100-
06832006000600007 

13. Heuer S, Gaxiola R, Schilling R, 
Herrera‐Estrella L, López‐Arredondo D, 
Delhaize E, et al. Improving phosphorus 
use efficiency ‐A complex trait with 
emerging opportunities. Plant J. 2017;90: 
868-885.  

Available:https://doi.org/10.1111/tpj.13423 
14. Ribeiro AC, Guimarães PTG, Alvarez 

VHV, editors. Recommendations for use of 
correctives and fertilizers in Minas Gerais - 
5th Approximation. Viçosa, MG: Soil 
Fertility Commission of the State of Minas 
Gerais;1999. 

15. Dubreuil V, Fante KP, Planchon O, 
Sant’anna Neto JL. Climate change 
evidence in Brazil from Köppen’s climate 
anual types frequency. Int. J. Climatol. 
2018;33:1446-1456. 
Available:https://doi.org/10.1002/joc.5893 

16. Climatempo. Climatology: Santa Maria das 
Barreiras – PA.  

Available:https://www.climatempo.com.br/c
limatologia/6858/santamariadasbarreiras-
pa.Accessed 06 May 2020. 



 
 
 
 

Maciel et al.; ARRB, 35(6): 99-108, 2020; Article no.ARRB.58902 
 
 

 
107 

 

17. Cruz JC, Pereira Filho IA, Borghi E, Simão 
EDP. Four hundred and seventy-seven 
corn cultivars are available in the Brazilian 
seed market for the 2015/16 harvest. Sete 
Lagoas: Embrapa Milho e Sorgo; 2015. 

18. Scott A, Knott M. Cluster analysis method 
for grouping means in analysis of variance. 
Biometrics. 1974;30:507-512. 

19. Ferreira DF. Sisvar: A Guide for its 
Bootstrap procedures in multiple 
comparisons. Ciênc. agrotec. 
2014;38(2):109-112.  
Available:http://doi.org/10.1590/S1413-
70542014000200001 

20. Johnston AE, Poulton PR, Fixen PE, Curtin 
D. Phosphorus: its efficient use in 
agriculture. Adv. Agron. 2014;123:177–
228.  
Available:https://doi.org/10.1016/B978-0-
12-420225-2.00005-4 

21. Perecin D, Cargnelutti Filho A. 
Comparisonwise and experimentwise 
effects in factorial experiments 
interactions. Ciênc. agrotec. 
2008;32(1):68-72. 
Available:http://doi.org/10.1590/S1413-
70542008000100010 

22. Pimentel-Gomes F. Experimental Statistics 
Course. 15

th
Ed. Piracicaba: FEALQ; 2009. 

23. Edwiges M, Dallacort R, Marco K, Santi A, 
Fenner W. Yield and agronomic 
characteristics of maize in different 
planting times for second crop in Tangará 
da Serra, MT. Enciclopédia Biosfera. 
2017;14(26):560-572.  
Available:https://doi.org/10.18677/EnciBio_
2017B54 

24. Kopper CV, Meert L, Krenski A, Borghi 
WA, Oliveira Neto AM, Figueiredo AST. 
Second season maize yield based on 
sowing speed and plant population density. 
Pesq. agropec. pernamb. 2017;22:1-6.  
Available:https://doi.org/10.12661/pap.201
7.003 

25. Alves BM, Cargnelutti Filho A, Burin C, 
Toebe M. Linear associations among 
phenological. Morphological. productive. 
and energetic-nutritional traits in corn. 
Pesq. agropec. bras. 2017;52(1):26-35.  
Available:http://dx.doi.org/10.1590/s0100-
204x2017000100004 

26. Alves LWR, Montagner A, Pereira JF. 
Productive potential of corn cultivars in the 
Cerrado of Amapá. Macapá: Embrapa 
Amapá; 2019. 

27. Zoz T, Lana M, Steiner F, Zoz A, Zoz J, 
Zuffo AM. Plant density, spacing and 

nitrogen fertilization in sowing of out-of-
season maize. Revista em Agronegócio e 
Meio Ambiente. 2019;12(1):103-125.  
Available:http://doi.org/10.17765/2176-
9168.2019v12n1p103-125 

28. Alvim KRDT, Brito CHD, Brandão AM, 
Gomes LS, Lopes MTG. The effect of leaf 
area reduction on corn plants during the 
reproduction phase. Rev. Ceres. 
2011;58(4):413-418. 
Available:https://doi.org/10.1590/S0034-
737X2011000400002 

29. Campos MCC, Silva VA, Cavalcante ÍHL, 
Beckmann MZ. Yield and agronomic 
characteristics of off-season corn crop 
cultivars under no-tillage system in Goiás 
State. Rev. Acad. Ciênc. Anim. 
2010;8(1):77-84.  
Available:http://dx.doi.org/10.7213/cienciaa
nimal.v8i1.10544 

30. Ribeiro MC, Damaso LF, Costa FR, Pelá 
A, Rodrigues F. Hybrids of maize under 
different levels of phosphorus destined to 
consumption in natura. Magistra. 
2016;28(2):273-278. 

31. Oliveira RC, Bittar DY, Silva AG, Brito 
GHM. Morphological and productive 
characteristics in corn culture. Ipê 
Agronomic Journal. 2019;3(1):26-36. 

32. Mendoza-Mendoza CG, Castillo MDCM, 
González FC, Ramírez FJS, Alvarado AD, 
Pecina-Martínez JA. Agronomic 
Performance and Grain Yield of Mexican 
Purple Corn Populations from Ixtenco. 
Tlaxcala. Maydica. 2019;64(3). 

33. Jumaa RF, Madab DS. Estimation Genetic 
Diversity by Using Cluster. D2 and 
Principle Component Analysis of Maize 
Inbred Lines (Zea mays L.). Journal Tikrit 
Univ. For Agri. Sci. 2018;18(4):39-50. 

34. Ahmed N, Chowdhury AK, Uddin MS, 
Rashad MMI. Genetic variability. 
correlation and path analysis of exotic and 
local hybrid maize (Zea mays L.) 
genotypes. Asian J. Med. Biol. Res. 
2020;6(1):8-15.  
Available:https://doi.org/10.3329/ajmbr.v6i
1.46473 

35. Guimarães AG, Oliveira JR, Saraiva EA, 
Silva AJM, Macedo LA, Costa RA, et al. 
Selection of superior corn genotypes for 
cultivation in the municipality of Couto de 
Magalhães de Minas-MG. Revista 
Brasileira de Agropecuária Sustentável. 
2019;9(2):110-119. 
Available:https://doi.org/10.21206/rbas.v9i
2.7976 



 
 
 
 

Maciel et al.; ARRB, 35(6): 99-108, 2020; Article no.ARRB.58902 
 
 

 
108 

 

36. Ullah R, Ullah W, Shah F, Saleem A, Zia-
Ur-Rahman, Abbas, et al. Evaluation of 
different maize varieties for yield and yield 
contributing traits. Int. J. Biosci. 
2020;16(1):150-161. 
Available:http://doi.org/10.12692/ijb/16.1.1
50-161 

37. Oliveira TF, Oliveira VJB, Clemente JM, 
Aquino LA, Reis MR, Fernandes FL. 
Extraction and export of macronutrients in 
high productivity corn. 
RevistaemAgronegócio e MeioAmbiente. 
2019;12(3):837-854.  
Available:http://doi.org/10.17765/2176-
9168.2019v12n3p837-854 

38. Bento RU, Péla A, Ribeiro MDA, Silva 
JAGE, Cruz SJS. Micro P-solubilizing 
contribution in phosphorus absorption by 
maize. Rev. bra. Milho sorgo. 
2016;15(3):573-582. 
Available:https://doi.org/10.18512/1980-
6477/rbms.v15n3p572-581 

39. Castro LR, Reis TC, Fernandes Júnior O, 
Almeida RBS, Alves DS. Doses and forms 
of application of phosphorus in corn crops. 
Agrarian. 2016;9(31):47-54.  

40. Meirelles WF, Parentoni SN, Guimarães 
LJM, Guimarães PEO, Pacheco CAP, et 
al. Diallel analysis of maize lines as to their 
phosphorus responsiveness and use 
efficiency. Pesq. agropec. bras. 
2016;51(3):224-232.  
Available:https://doi.org/10.1590/S0100-
204X2016000300004 

41. Colombo GA, Vaz-De-Melo A, Souza AS, 
Silva JGC. Combined capacity of corn 
hybrids for efficiency and response to 
phosphorus use. Rev. Agrogeoambiental. 
2018;10(2):121-131.  
Available:http://doi.org/10.18406/2316-
1817v10n220181088 

42. Ham BK, Chen J, Yan Y, Lucas WJ. 
Insights into plant phosphate sensing and 
signaling. Curr. Opin. Biotechnol. 
2018;49:1-9.  
Available:http://doi.org/10.1016/j.copbio.20
17.07.005 

43. Fageria NK, Baligar VC. Phosphorus-use 
efficiency by corn genotypes. J. Plant Nutr. 
1997;20(10):1267-1277.  
Available:https://doi.org/10.1080/01904169
709365334 

44. Fidelis RR, Miranda GV, Pelúzio JM, 
Galvão JCC. Corn population classification 
as to efficiency and response to 
phosphorus use. Pesq. Agropec. Pernamb. 
2014;19(2):59-64. 
Available:https://doi.org/10.12661/pap.201
4.009 

45. Xu X, He P, Pampolino MF, Li Y, Liu S, Xie 
J, et al. Narrowing yield gaps and 
increasing nutrient use efficiencies using 
the Nutrient Expert system for maize in 
Northeast China. Field Crops Res. 
2016;194:75-82.  
Available:https://doi.org/10.1016/j.fcr.2016.
05.005 

46. López-Arredondo DL, Sánchez-Calderón 
L, Yong-Villalobos L. Molecular and 
genetic basis of plant macronutrient use 
efficiency: Concepts, opportunities and 
challenges. In: Hossain MA, Kamiya T, 
Burritt DJ, Tran LSP, Fujiwara T, editors. 
Plant Macronutrient Use Efficiency. 
Londres: Academic Press; 2017.  
Available:https://doi.org/10.1016/B978-0-
12-811308-0.00001-6 

47. Chen L, Liao H. Engineering crop nutrient 
efficiency for sustainable agriculture. J. 
Integr. Plant. Biol. 2017;59(10):710-735.  
Available:https://doi.org/10.1111/jipb.1255
9 

_________________________________________________________________________________ 
© 2020 Maciel et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/58902 


