Azospirillum brasilense in corn: less nitrogen fertilizer and higher yield

 Novelty statement

The benefits of the application of Azospirrillum brasiliense in the corn crop associated with nitrogen fertilization can promote better plant development, and consequently an increase in productivity. This provides a decrease in the supply of nitrogen fertilizer as well as production costs.

Abstract 

The demand for food in the world grows every day, with this, it seeks to increase the productivity of crops. Analyzing this scene, the objective of this work was to verify the use of the diazotrophic bacterium Azospirillum brasilense inoculated corn seeds (Zea mays L) isolated and in association with nitrogen fertilizer. The experiment was carried out at four sites in a four-block randomized design with six treatments. The treatments consisted of control, mineral nitrogen (100 and 50 kg ha-1), Nitro 1000® and Azonit® (Azospirillum brasilense) and Azonit® with mineral nitrogen (50 kg ha-1). In overall, fertilization with mineral nitrogen provided greater initial development of the corn crop, however, inoculation with Azospirillum brasilense supplied the nutritional need for nitrogen of the crop and maintained the yield index of the crop compared with the use of mineral nitrogen. The combined treatment of Azospirillum brasilense with mineral nitrogen (50 kg ha-1) increased the yield of the crop, indicating the need to develop studies to clarify the ideal rate of mineral nitrogen combined with inoculation with Azospirillum brasilense.
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INTRODUCTION 
[bookmark: _GoBack]
In Brazil, the corn crop (Zea mays L.) occupies approximately 21,116.7 thousand cultivated hectares (Conab, 2022). Also according to the official agency, due to major climatic problems that occurred mainly in relation to the drastic drought in November and December, the southern states can reach yields below 3,000 kg ha-1 in Paraná and Rio Grande do Sul for the first harvest.
The corn crop has a high productive potential, being able to reach high productivity levels, despite this, several factors can influence the biotic and abiotic processes. In this way, several technologies are generated in order to reduce the negative impact of these factors that interfere with productivity. Among these technologies, the use of growth-promoting microorganisms has gained prominence, such as Azospirillum (Fukami et al., 2018).
Azospirillum is a genus of nitrogen-fixing bacteria that live in association with plant roots (Fukami et al., 2018). In addition to biological nitrogen fixation, these bacteria are also known as growth promoters, as they stimulate the production of plant hormone such as auxins, gibberellins and cytokinins. The production of these compounds increases the density and length of root hairs, the rate of appearance of lateral roots and the surface area of the root system (Hungria, 2011).
According to Munareto et al. (2019), the use of Azospirillum brasiliense in the wheat crop, in the form of inoculation, provided an increase in grain yield and productive components.
Studies on corn in different regions of the country (Galindo et al. 2019; Lana et al. 2012) showed that the effects of fertilization associated with inoculation with Azospirillum brasiliense generated changes in the diversity of its bacterial community due to different doses of N.
In a study carried out by the association of Azospirillum with corn, the results showed increases in grain yield from 24% to 30% in relation to the control (Hungria, 2011). Similar results were obtained by studies that quantified an increase of 17% in corn grain yield, related to the greater average length of the ears due to inoculation with Azospirillum spp. (Cavallet et al. 2000). In addition, other works have shown that the use of these microorganisms can stimulate the development of plants in the vegetative period, greater resistance to water stress and chlorophyll content in leaves (Quadros et al. 2014).
Despite the various benefits of using Azospirillum in corn, there is still a need to supplement nitrogen fertilization (Lana et al. 2012). 
Thus, the objective of this work was to evaluate the efficiency of inoculation with bacteria of the genus Azospirillum brasilense in corn (Zea Mays L.) in the Midwest and South region of Brazil, with and without supplementation with mineral nitrogen.

Material and Methods 

Study area 

The experimental trial was carried out in the 2019/2020 crop year in the towns of Planaltina – DF (15°40'01''S; 47°20'05''W, 873 m altitude), Água Fria de Goiás – GO (14°45'48"S; 47°39'03"W, 1146 m altitude), Midwest region of Brazil, and Formigueiro – RS (30º03'47"S; 53º39'18"W, 65 m altitude) and Itaara – RS (29º35'03.5"S; 53º48'23"W, 447 m altitude, southern region of Brazil (Fig. 1).

Soil sampling and cultural practices 

Chemical and physical analysis of the soil of each experimental field (0-20 cm) and biological analysis (0-10 cm) were performed to verify the fertility and populations of diazotrophic bacteria present in each site (Table 1). The cultural and phytosanitary treatments were carried out in accordance with the recommendations for the culture, according to each region, following the premise of good agricultural practices. In a no-tillage system, the implantation fertilization was 250 kg ha-1 of the formulated 10-20-20, and cover fertilization of 150 kg ha-1 of KCl was carried out, with the exception of the area located in Planaltina - DF, due to the levels of K present in the soil (Table 1).
The treatments (Table 2) with nitrogen (N) fertilization consisted of the application of urea (45% N) at the dosage commonly used by producers (100 kg ha-1) and in half of the dose used (50 kg ha-1), with 50% applied at sowing and 50% at tassel (VT). Which represented 45 and 22.5 kg ha-1 of N at sowing and 45 and 22.5 kg ha-1 of N in the tassel (VT) (Ciampitti et al. 2016).
The treatments with inoculants containing Azospirillum brasilense (Nitro 1000 and Azonit) were applied via seed using 100 ml ha-1, following the dose recommended by the manufacturers for the culture. Seeds were not chemically treated with fungicide and insecticide. The sixth treatment used was the combination of the inoculant Azonit at a dosage of 100 ml ha-1 with half a dose of nitrogen fertilization used (50 kg ha-1 of urea), with 50% applied at sowing and 50% at the tassel (VT) (Ciampitti et al. 2016).
In the areas located in the cities of Planaltina and Água Fria de Goiás, sowing was carried out on December 19 and 20, 2019 using the commercial corn hybrid P3707VYH. Eight seeds were sown m-2, targeting 80,000 plants ha-1. In the experimental areas of the state of Rio Grande do Sul, the tests began with sowing on December 19 and 28 for the cities of Formigueiro and Itaara respectively, with the hybrid Feroz Viptera 3, being sown 7 seeds m-2 and objective than 70,000 plants ha-1. The experimental plot consisted of 10 lines, spaced 0.5 m apart and 5 m long.

Climate data 

Climatic data throughout the study in each location (Table 3) were collected from the first date of the month planted to the last date of the month harvested, from data from the nearest meteorological station - Agrodetecta®.

Experimental design and evaluated parameters 

The experimental design used was randomized blocks, six treatments and four replications in each experimental location.
Different parameters described below were evaluated to verify the effect of the inoculant containing Azospirillum brasilense on the corn crop, without and with the use of mineral nitrogen, being evaluated the stand of plants, at 10 days after emergence (DAE) was quantified the number of plants that emerged per linear meter in the three central lines of each plot. To determine the biomass of the aerial part, in stages V2 and R1, five plants were collected per experimental plot for quantification. To determine the height of plants, in V2 and R1, the distance between the soil and the point of active plant growth was measured, evaluating five plants per plot (Ciampitti et al. 2016).
To determine the nutrient content in the leaf, at stage R1, 10 leaves were collected per plot for the determination of nutrients. The length of the ear without straw, the number of rows of grains per ear and the number of grains per row in ten ears of each plot were determined.
The mass of a thousand grains 1000 grains and the productivity were quantified through the threshing of 6.0 m2 per experimental plot, the volume of grains being weighed and their moisture determined to calculate the final yield at 13% moisture. After harvesting, grain samples were separated to quantify the nutrient content. 
The data obtained were submitted to analysis of normality, homogeneity and variance, and the treatment means were compared by the Skott Knott test, at a 5% significance level.
Results

Planaltina - DF

The variable shoot biomass (BPA) in the V2 and R1 stages of corn in Planaltina, (Table 4), did not show a significant difference between treatments. In the evaluations of plant height (AP), there was no significant difference between treatments in V2, but in the R1 stage, the application of mineral N in the two applied doses promoted greater plant height compared to the other treatments.
The variables ear length (EC) and number of rows of grains per ear (NFGE) did not show statistically significant difference between treatments in the city of Planaltina. There was a statistically significant difference between treatments for the number of grains per row (NGF), with the treatments of mineral nitrogen dose (100 kg ha-1), Azonit and Azonit combined with a half dose of mineral N (50 kg ha-1) higher than the other treatments. Thus, the use of Azospirillum brasilense was equivalent to mineral nitrogen in the complete dose, alone or in association with a half dose of nitrogen fertilizer.
However, for the mass of 1000 grains (MMG), the only treatment that statistically differed from the others was the control. For the results of grain yield (PROD) in Planaltina, despite the increments of 7.8% and 6.0% for the doses of 100 kg ha-1 and 50 kg ha-1 of mineral N respectively and 8.6% for Azonit combined with 50 kg ha-1 of mineral N, no statistically significant difference between treatments was observed.
The levels of macronutrients and micronutrients (Table 5) showed no statistically significant difference in the leaf analysis. However, in the analysis of grains, treatments with a full dose of mineral nitrogen (100 kg ha-1), Azonit and Azonit combined with half a dose of mineral nitrogen (50 kg ha-1) showed the highest levels of macronutrients N (nitrogen), P (phosphorus) and Mg (magnesium). This result evidences that the use of Azospirillum brasilense supplies the nitrogen culture needs with the formed symbiosis and optimizes the use of other nutrients, such as P and Mg.
In the analysis of micronutrients in the grains, S (sulfur) had higher levels of the nutrient than occurred for treatments with inoculation with Azonit (Azospirillum brasilense), without and with mineral nitrogen.

Agua Fria de Goias - GO

In the experiment conducted in the city of Água Fria de Goiás, the control treatment and the treatment with Azonit presented the lowest statistically values for the BPA parameter in R1 (Table 6).
As for AP (V2 and R1), CE and NGF there was no statistically significant difference between treatments. Treatments with mineral nitrogen resulted in the highest values of MMG, however for NFGE and PROD only the absolute control differed statistically from the others, showing itself to be inferior and evidencing the importance of nitrogen supply for the crop.
Although the difference is not statistically significant, the results of grain yield in Água Fria de Goiás, demonstrate increments of 10% and 8.7% for the doses of mineral N, of 8.2% for the inoculation with Nitro 1000, 9.3% for Azonit alone and 9.7% for Azonit combined with half a dose of mineral N (Table 6). These results are related to better development of corn plants.
For the levels of macronutrients and micronutrients (Table 7) in the leaves and grains, there was a statistically significant difference only for the levels of K (potassium) in the foliar analysis, with the control being the treatment with application of mineral N. at the full dose ( 100 kg ha-1) and the Azonit treatment associated with half a dose of mineral N (50 kg ha-1) presented the highest concentrations of K. Comparing the nutrient contents, it appears that the levels are adequate ( 17.5 to 22.5 g kg-1), however, shows the inference of the treatments (Malavolta et al. 1997).

Formigueiro – RS

For the trial carried out in Formigueiro (Table 8), the BPA assessments in R1, AP (V2 and R1), EC, NFGE and NGF did not show statistically significant differences for the treatments. However, there was a statistically significant difference for BPA in V2, where treatment with mineral nitrogen (100 kg ha-1) promoted the highest biomass production due to its high solubility, and rapid availability to root absorption.
The treatment with Azonit, combined with half dose of mineral nitrogen (50 kg ha-1) promoted the increase of the MMG, different from the other treatments, consequently the treatment obtained the highest productivity. Since, this treatment presented increments of 15.0% in productivity in relation to the control treatment, being this the only treatment that differed from the others.
The treatments containing only inoculants (Nitro 1000 and Azonit) promoted an increase in productivity of 11 and 14%, respectively, in relation to the control and did not differ from the treatments that provided mineral nitrogen.
In the chemical analysis of macronutrients and micronutrients, nitrogen in foliar analysis and iron in grain analysis differed between treatments, and inoculation promoted higher concentration of this micronutrient (Table 9).

Itaara – RS

Among the parameters analyzed in the city of Itaara, there was a statistically significant difference for BPA in V2 and in PROD, and the control treatment was inferior to the others in the production of biomass and the treatment with Azonit combined with half a dose of mineral nitrogen (50 kg ha-1) which promoted the highest productivity (28% increase), being statistically similar to the complete mineral nitrogen treatment (100 kg ha-1) (Table 10).
In the chemical analysis of the study conducted in Itaara, only N for macronutrients and micronutrients differed from the others (Table 11). In the foliar analysis, the treatments Azonit and Azonit combined with half a dose of mineral nitrogen (50 kg ha-1) were the ones that promoted the highest concentration of this nutrient, and for the grains the control showed the lowest concentration.

Discussion

The application of nitrogen associated with the inoculant provided significantly superior results in the agronomic performance of maize, mainly with regard to grain yield, MMG, shoot and root dry mass in Planaltina. Galindo et al. (2020a) found an influence of N doses on macronutrient contents in wheat grains. Increase in the mass of a thousand grains and of grains per ear was also found in the results of Mascarello and Junior (2015) and Sangoi et al. (2015).
Martins et al., (2018) found significant differences, with an increase of 17.18% for the number of ears and 10.78% for popcorn grain productivity, reducing the topdressing to 50 kg ha-1 in the presence of Azospirillum brasiliense, demonstrating the potential in the economy of nitrogen fertilizers in production.
Nitrogen fertilization at sowing contributed to increase the growth of corn, with the inoculation of Azospirillum brasilense in the seeds and/or leaves the results were similar to the nitrogen fertilizer for the growth of plants Moreno et al. (2019). Corroborating this statement, the treatment with Mineral N. had the highest concentration of nitrogen in the leaf analysis (Table 9).
Comparing nutrient levels in leaves with Malavolta et al. (1997), the levels are still low, showing that the incorporation of the applications resulted in benefits in the development of the culture, increasing the nitrogen concentration. Heckman, Sims and Beegle (2003) found Fe levels in grains ranging from 9.0 to 89.5 mg kg-1, thus, the influence of inoculation on micronutrient contents can be observed in the results.
The application of Azospirillum brasilense associated with nitrogen fertilization does not interfere with plant development and grain yield, however, halving the supply of nitrogen fertilizer associated with inoculation proved to be the most viable treatment for the crop, providing an increase in productivity. This result is similar to the results found by Godoy et al. (2011), Repke et al. (2013) and Rochenbach et al. (2017).
The results obtained evidenced the ability of Azospirrillum to carry out biological nitrogen fixation in symbiosis with the plant (Fukami et al. 2018). These benefits related to Azospirrillum can promote better plant development, and consequently higher yields (Galindo et al. 2020b; Quadros et al. 2014).
Thus, bacteria of the genus Azospirillum can generate several stimuli in plant development, such as the production of plant phytohormones such as auxins, gibberellins and cytokinins (Cavallet et al. 2000), which consequently promote greater root development and photosynthetic activity (Gordillo-Delgado et al. 2016; Kazi et al. 2016).

Conclusion

Fertilization with mineral N provides greater initial development of the corn crop due to the immediate supply of nitrogen, but inoculation with the diazotrophic bacterium Azospirillum brasilense supplied the nutritional requirement of the nitrogen crop and did not affect the absorption of other nutrients. Inoculation of Azospirillum brasilense in corn did not affect the development and yield of the crop. The halving of nitrogen fertilizer supply, associated with inoculation, proved to be the most viable treatment for the culture, providing greater productivity. However, studies on the optimal rate of mineral N. combined with inoculation with Azospirillum brasilense are topics that need to be clarified.
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Fig. 1: Experimental locations in Brazil, (1) Planaltina - DF, (2) Água Fria de Goiás - GO, (3) Formigueiro - RS, (4) Itaara - RS, 2019/20.
















Table 1: Chemical and physical analysis in the 0 - 20 cm layer and biological analysis in the 0 - 10 cm layer of the soil in the four experimental areas, in the 2019/20 crop.
	Locality
	pH 
CaCl2
	P1
	K+
	S
	Ca2+
	Mg2+
	Al3+
	H++Al3+
	CTC2
pH 7.0

	
	
	----------- mg dm-3---------
	-------------- cmolc dm-3---------------

	Planaltina
	5.4
	18.7
	292
	5.5
	3.9
	1.4
	0.0
	3.7
	9.9

	Água Fria de Goiás
	5.7
	25.6
	149
	7.0
	3.6
	0.9
	0.0
	4.7
	9.7

	Formigueiro
	5.0
	8.1
	139.6
	13.7
	13.8
	6.4
	0.0
	3.9
	20.6

	Itaara
	4.7
	11.3
	135
	10.0
	6.1
	2.4
	0.0
	8.8
	14.1

	
	V3
	MO4
	Fe
	Mn
	Cu
	Zn
	Argila
	Silte
	Areia
	PBD

	
	---- % ---
	---- mg dm-3-----
	------- g kg-1--------
	(Nº of soil g cells-1)5

	Planaltina
	62.1
	2.9
	22
	30.7
	1.1
	4.9
	488
	305
	207
	2.00 x 10³

	Água Fria de Goiás
	51.3
	2.8
	47
	10.2
	0.9
	1.9
	352
	208
	440
	1.50 x 10³

	Formigueiro
	84.1
	2.3
	-
	18.1
	2.3
	2.9
	400
	429
	171
	7.70 x 105

	Itaara
	62.0
	3.1
	-
	13.0
	1.5
	5.3
	310
	420
	270
	2.04 x 104


1P: Phosphorus (Mehlich); 2CTC: Cationic exchange capacity; 3V%: Percentage of base saturation; 4MO: Organic matter; 5Serial dilution method (Incubation in culture medium); 6PBD: Populations of diazotrophic bacteria present in soil. 


Table 2: Description of the treatments used to evaluate the use of Azospirillum brasilense in the corn crop, 2019/20.
	n°
	Treatments
	Active Ingredient Concentration
	Dose
(kg ha-1 or ml ha-1)
	application stage1

	1
	Witness
	-
	-
	-

	2
	Mineral Nitrogen 2
	Nitrogen (45%)
	100 + 100
	S; F

	3
	1/2 Mineral Nitrogen
	Nitrogen (45%)
	50 + 50
	S; F

	4
	Nitro 1000
	Azospirillum brasilense
(2 x 108 UFC.mL-1)3
	100
	TS

	5
	Azonit
	Azospirillum brasilense
(1 x 108 UFC.mL-1)
	100
	TS

	6
	Azonit + 1/2 N. Mineral
	Azospirillum brasilense
(1 x 108 UFC.mL-1);
+ Nitrogen (45%)
	100 + 50 + 50
	TS; S; F


1TS: Treatment of Seeds; S: Seeding; F: Flowering; 2Mineral Nitrogen: Urea (45% de Nitrogen); 3UFC: Colony forming units. 





Table 3: Monthly average temperature (°C) and accumulated monthly precipitation (mm) during the cultivation period, in the four experimental sites, 2019/20.
	Months
	Planaltina
	Água Fria de Goiás
	Formigueiro
	Itaara

	
	Average Temperature (°C)1

	Dec/19
	25.3
	24.4
	23.4
	24.7

	Jan/20
	25.1
	23.3
	22.6
	25.3

	Feb/20
	24.8
	23.5
	23.6
	24.3

	Mar/20
	24.4
	23.3
	18.9
	25.1

	Apr/20
	23.8
	23.1
	16.3
	19.8

	May/20
	21.0
	21.4
	16.2
	16.4

	Dec - May
	24.0
	23.2
	20.2
	22.6

	 
	Accumulated precipitation (mm)

	Dec/19
	256
	125
	191
	73

	Jan/20
	179
	581
	31
	256

	Feb/20
	282
	196
	46
	52

	Mar/20
	336
	169
	32
	38

	Apr/20
	150
	77
	194
	32

	May/20
	29
	40
	171
	206

	Dec - May
	1232
	1189
	665
	657


Source: 1Weather station - Agrodetecta®. 

Table 4: Evaluation of growth components and grain yield of corn (P3707VYH) submitted to the six treatments in the city of Planaltina - DF, 2019/20.
	Treatments
	BPA (g)1
	AP (cm)
	CE (cm)
	NFGE
	NGF
	MMG (g)
	PROD

	
	V2
	R1
	V2
	R1
	R6
	R6
	R6
	R6
	(kg ha-1)

	Witness
	6.4
	1135.8
	43.1
	303.8 b
	17.6
	16.5
	29.4 b
	327.8 b
	9.542

	Mineral Nitrogen
	7.9
	1204.9
	43.6
	311.1 a
	18.4
	17.0
	33.2 a
	349.8 a
	10.282

	1/2 Mineral Nitrogen
	6.2
	1194.7
	41.9
	306.5 a
	18.0
	16.8
	32.1 b
	350.6 a
	10.115

	Nitro 1000
	6.8
	1189.9
	41.9
	301.8 b
	18.0
	16.8
	32.0 b
	351.5 a
	9.800

	Azonit
	6.4
	1175.1
	42.2
	299.7 b
	18.5
	16.6
	34.6 a
	360.3 a
	9.919

	Azonit + 1/2 Mineral N.
	7.3
	1246.9
	42.6
	301.7 b
	19.1
	17.0
	35.3 a
	359.6 a
	10.366

	Mean
	6.8
	1191.2
	42.55
	304.1
	18.3
	16.8
	32.8
	349.9
	10.004

	Anova
	ns2
	ns
	ns
	*
	ns
	ns
	*
	*
	ns

	CV3 (%)
	8.2
	4.8
	4.2
	1.5
	4.2
	3.8
	6.0
	2.2
	4.6


1BPA: Aerial part biomass (g); AP: Plant height (cm); CE: Ear length (cm); NFGE: Number of grain rows per ear; NGF: Number of grains per row; MMG: Mass of 1000 grains (g); PROD: Grain yield (kg ha-1). 2Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 3CV: Variation Coefficient.



Table 5: Macronutrient and micronutrient content in corn grains (P3707VYH) with different treatments. Planaltina - DF, 2019/20.
	Treatments
	Macronutrient (g.kg-1)
	Micronutrient (mg.kg-1)

	
	N
	P
	K
	Mg
	S
	Cu
	Fe
	Zn
	B

	
	Leaf analysis

	Witness
	34.8
	3.0
	23.1
	1.5
	1.3
	9.2
	126.7
	22.2
	9.5

	Mineral Nitrogen
	37.1
	3.6
	22.9
	1.5
	1.3
	9.8
	125.7
	26.0
	9.3

	1/2 Mineral Nitrogen
	36.2
	3.3
	23.1
	1.5
	1.3
	10.4
	128.3
	28.5
	10.3

	Nitro 1000
	34.2
	3.1
	22.0
	1.4
	1.3
	8.5
	123.6
	25.4
	8.5

	Azonit
	36.0
	3.2
	21.5
	1.5
	1.3
	10.1
	134.7
	27.0
	9.5

	Azonit + 1/2 Mineral N.
	36.0
	3.1
	20.6
	1.4
	1.3
	10.3
	120.9
	28.3
	8.8

	Mean
	35.7
	3.2
	20.6
	1.5
	1.3
	9.7
	126.7
	28.3
	8.8

	Anova
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	3.6
	10.3
	6.5
	11.1
	3.4
	8.5
	5.3
	13.2
	15.2

	
	Grains

	Witness
	12.3 b
	2.4 b
	3.9
	0.7 b
	0.6 b
	1.1
	16.7
	18.2
	1.1

	Mineral Nitrogen
	13.6 a
	2.8 a
	3.8
	0.8 a
	0.7 b 
	1.3
	18.8
	18.7
	1.7

	1/2 Mineral Nitrogen
	12.0 b
	2.0 b
	3.1
	0.7 b
	0.6 b
	1.1
	12.6
	15.2
	1.0

	Nitro 1000
	11.0 b
	2.4 b
	3.6
	0.7 b
	0.6 b
	1.0
	13.1
	15.9
	1.7

	Azonit
	14.0 a
	3.0 a
	4.0
	0.9 a
	0.8 a
	1.3
	21.2
	21.3
	1.0

	Azonit + 1/2 Mineral N.
	15.1 a
	2.9 a
	4.1
	1.0 a
	0.9 a
	1.2
	24.3
	22.0
	1.7

	Mean
	13.0
	2.9
	3.8
	0.8
	0.7
	1.2
	17.8
	18.6
	1.4

	Anova
	*
	*
	ns
	*
	*
	ns
	ns
	ns
	ns

	CV%
	8.2
	12.2
	13.0
	15.7
	14.8
	16.9
	36.7
	16.9
	55.7


1Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 2CV: Variation Coefficient.


Table 6: Evaluation of growth components and grain yield of corn (P3707VYH) submitted to six treatments in Água Fria de Goiás - GO, 2019/20.
	Treatments
	BPA (g)1
	AP (cm)
	CE (cm)
	NFGE
	NGF
	MMG (g)
	PROD

	
	V2
	R1
	V2
	R1
	R6
	R6
	R6
	R6
	(kg ha-1)

	Witness
	4.5
	978.6 b
	16.2
	279.4
	18.1
	14.5 b
	33.5
	376.5 b
	9.123 b

	Mineral Nitrogen
	7.1
	1113.5 a
	18.6
	281.3
	17.7
	16.4 a
	34.7
	391.5 a
	10.035 a

	1/2 Mineral Nitrogen
	6.4
	1199.1 a
	16.9
	280.6
	17.9
	15.8 a
	35.7
	389.9 a
	9.913 a

	Nitro 1000
	6.4
	1101.6 a
	17.2
	281.6
	17.9
	15.5 a
	35.4
	381.1 b
	9.867 a

	Azonit
	5.2
	980.0 b
	17.2
	281.1
	18.0
	16.2 a
	36.2
	379.1 b
	9.968 a

	Azonit + 1/2 Mineral N.
	5.6
	1086.2 a
	17.8
	281.0
	17.9
	16.0 a
	35.0
	376.0 b
	10.007 a

	Mean
	5.9
	1076.5
	17.3
	280.8
	17.9
	15.7
	35.1
	382.4
	9.819

	Anova
	ns2
	*
	ns
	ns
	ns
	*
	ns
	*
	*

	CV3 (%)
	3.4
	6.2
	8.6
	1.7
	2.5
	3.9
	5.7
	2.1
	4.6


1BPA: Aerial part biomass (g); AP: Plant height (cm); CE: Ear length (cm); NFGE: Number of grain rows per ear; NGF: Number of grains per row; MMG: Mass of 1000 grains (g); PROD: Grain yield (kg ha-1). 2Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 3CV: Variation Coefficient.

Table 7: Macronutrient and micronutrient content in corn grains (P3707VYH) with different treatments. Água Fria de Goiás - GO, 2019/20.
	Treatments
	Macronutrient (g.kg-1)
	Micronutrient (mg.kg-1)

	
	N
	P
	K
	Mg
	S
	Cu
	Fe
	Zn
	B

	
	Leaf analysis

	Witness
	36.4
	2.6
	20.0 a
	2.3
	1.3
	8.3
	138.7
	22.3
	7.8

	Mineral Nitrogen
	36.7
	2.5
	20.6 a
	2.4
	1.4
	8.3
	131.6
	25.2
	8.3

	1/2 Mineral Nitrogen
	36.7
	2.4
	18.2 b
	2.1
	1.4
	8.7
	142.0
	25.8
	8.0

	Nitro 1000
	37.3
	2.4
	19.3 b
	2.3
	1.3
	8.3
	139.0
	26.4
	8.0

	Azonit
	36.9
	2.4
	18.6 b
	2.1
	1.4
	7.5
	123.6
	21.6
	7.3

	Azonit + 1/2 Mineral N.
	36.2
	2.7
	19.7 a
	2.6
	1.3
	8.1
	120.5
	20.4
	7.3

	Mean
	36.7
	2.5
	19.4
	2.3
	1.4
	8.2
	132.6
	23.6
	7.8

	Anova
	ns
	ns
	*
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	1.3
	7.0
	4.2
	7.4
	6.2
	12.6
	9.8
	14.8
	9.7

	
	Grains

	Witness
	12.9
	2.4
	3.2
	0.8
	0.7
	1.3
	19.5
	14.8
	1.0

	Mineral Nitrogen
	13.6
	2.5
	3.3
	0.7
	0.8
	1.0
	15.8
	15.3
	1.4

	1/2 Mineral Nitrogen
	13.3
	2.2
	3.2
	0.6
	0.7
	1.0
	15.8
	13.4
	1.1

	Nitro 1000
	12.9
	2.5
	3.3
	0.7
	0.8
	1.7
	19.3
	15.6
	1.1

	Azonit
	13.2
	2.3
	3.2
	0.7
	0.7
	1.6
	16.3
	14.1
	1.3

	Azonit + 1/2 Mineral N.
	13.6
	2.4
	3.3
	0.7
	0.7
	1.1
	15.9
	14.2
	1.5

	Mean
	13.3
	2.4
	3.3
	0.7
	0.7
	1.3
	17.1
	14.6
	1.2

	Anova
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	6.9
	14.6
	9.2
	16.8
	14.5
	45.3
	27.6
	15.9
	48.0


1Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 2CV: Variation Coefficient.

Table 8: Evaluation of growth and grain yield components of corn (Feroz Viptera 3) submitted to six treatments in the city of Formigueiro - RS, 2019/20.
	Treatments
	BPA (g)1
	AP (cm)
	CE (cm)
	NFGE
	NGF
	MMG (g)
	PROD

	
	V2
	R1
	V2
	R1
	R6
	R6
	R6
	R6
	(kg ha-1)

	Witness
	1.5 b
	209.6
	25.4
	114.8
	10.6
	14.3
	22.4
	163.1 b
	3.429 b

	Mineral Nitrogen
	2.5 a
	238.5
	27.8
	124.9
	12.7
	15.0
	25.6
	170.8 b
	3.938 a 

	1/2 Mineral Nitrogen
	1.9 b
	241.7
	27.7
	125.8
	12.9
	14.6
	25.3
	160.9 b
	3.810 a

	Nitro 1000
	2.0 b
	231.4
	24.0
	122.7
	11.8
	14.4
	23.8
	171.5 b
	3.816 a

	Azonit
	1.8 b
	250.5
	22.8
	119.3
	12.0
	14.9
	23.6
	166.2 b
	3.915 a

	Azonit + 1/2 Mineral N.
	1.5 b
	242.3
	22.8
	122.7
	11.3
	14.7
	23.8
	200.6 a
	3.944 a

	Mean
	1.9
	235.7
	25.1
	121.7
	11.9
	14.7
	24.1
	172.2
	3.809

	Anova
	*
	ns2
	ns
	ns
	ns
	ns
	 ns
	*
	*

	CV3 (%)
	20.3
	12.9
	11.7
	8.3
	13.3
	5.1
	15.1
	4.5
	5.8


1BPA: Aerial part biomass (g); AP: Plant height (cm); CE: Ear length (cm); NFGE: Number of grain rows per ear; NGF: Number of grains per row; MMG: Mass of 1000 grains (g); PROD: Grain yield (kg ha-1). 2Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 3CV: Variation Coefficient.
Table 9: Macronutrient and micronutrient content in corn grains (Feroz Viptera 3) with different treatments. Formigueiro - RS, 2019/20.
	Treatments
	Macronutrient (g.kg-1)
	Micronutrient (mg.kg-1)

	
	N
	P
	K
	Mg
	S
	Cu
	Fe
	Zn
	B

	
	Leaf analysis

	Witness
	16.6 b
	1.9
	21.6
	2.3
	1.0
	4.3
	273.0
	23.3
	67.9

	Mineral Nitrogen
	25.0 a
	1.9
	23.4
	2.4
	1.2
	4.8
	359.7
	26.6
	70.2

	1/2 Mineral Nitrogen
	16.2 b
	2.0
	20.8
	2.1
	1.2
	6.6
	317.4
	26.0
	60.6

	Nitro 1000
	17.7 b
	1.9
	21.0
	2.2
	1.1
	4.5
	309.8
	23.5
	64.3

	Azonit
	19.2 b
	2.0
	21.7
	2.3
	1.0
	6.4
	285.1
	28.5
	70.0

	Azonit + 1/2 Mineral N.
	24.4 a
	2.2
	23.4
	2.3
	1.1
	6.1
	287.0
	26.7
	69.2

	Mean
	19.2
	2.0
	22.0
	2.3
	1.1
	5.5
	305.3
	25.8
	67.0

	Anova
	*
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	17.0
	10.0
	8.7
	13.3
	15.5
	28.1
	12.5
	13.1
	11.7

	
	Grains

	Witness
	13.2
	2.2
	3.0
	1.1
	1.0
	1.8
	27.3 b
	23.3
	1.0

	Mineral Nitrogen
	14.5
	2.1
	3.3
	1.0
	1.0
	2.3
	21.5 b
	23.0
	2.0

	1/2 Mineral Nitrogen
	12.8
	2.0
	2.8
	0.9
	1.1
	2.3
	62.0 b
	23.8
	2.5

	Nitro 1000
	11.5
	2.3
	2.8
	0.9
	1.0
	1.8
	86.3 a
	18.3
	3.0

	Azonit
	12.4
	2.0
	2.6
	0.9
	1.1
	1.8
	99.0 a
	19.5
	1.3

	Azonit + 1/2 Mineral N.
	12.0
	2.0
	2.7
	0.9
	1.1
	2.0
	94.3 a
	20.0
	1.6

	Mean
	12.7
	2.1
	2.9
	1.0
	1.1
	2.0
	65.1
	21.3
	1.9

	Anova
	ns
	ns
	ns
	ns
	ns
	ns
	*
	ns
	ns

	CV%
	8.7
	17.9
	12.0
	25.0
	12.8
	39.1
	31.5
	20.6
	83.7


1Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 2CV: Variation Coefficient.

Table 10: Evaluation of growth components and grain yield of corn (Feroz Viptera 3) submitted to the six treatments in the city of Itaara - RS, 2019/20.
	Treatments
	BPA (g)1
	AP (cm)
	CE (cm)
	NFGE
	NGF
	MMG (g)
	PROD

	
	V2
	R1
	V2
	R1
	R6
	R6
	R6
	R6
	(kg ha-1)

	Witness
	0.6 b
	471.4
	16.5
	193.2
	14.8
	15.4
	30.2
	260.6
	4.088 b

	Mineral Nitrogen
	1.1 a
	559.9
	18.2
	209.0
	15.5
	15.3
	33.4
	273.2
	5.068 a

	1/2 Mineral Nitrogen
	1.2 a
	476.5
	15.9
	182.4
	13.8
	15.0
	26.3
	263.2
	3.672 b

	Nitro 1000
	1.3 a
	509.8
	15.0
	196.8
	15.2
	15.3
	29.9
	269.6
	4.423 b

	Azonit
	1.6 a
	531.9
	15.3
	202.2
	15.3
	16.0
	31.2
	271.5
	4.470 b

	Azonit + 1/2 Mineral N.
	1.3 a
	612.9
	16.3
	232.2
	14.9
	15.5
	31.0
	275.1
	5.234 a

	Mean
	1.2
	527.1
	16.2
	202.6
	14.9
	15.4
	30.3
	268.9
	4.492

	Anova
	*
	ns2
	ns
	ns
	ns
	ns
	ns
	ns
	*

	CV3 (%)
	17.9
	11.5
	10.9
	11.9
	7.8
	4.2
	9.4
	3.8
	12.3


1BPA: Aerial part biomass (g); AP: Plant height (cm); CE: Ear length (cm); NFGE: Number of grain rows per ear; NGF: Number of grains per row; MMG: Mass of 1000 grains (g); PROD: Grain yield (kg ha-1). 2Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 3CV: Variation Coefficient.

Table 11: Macronutrient and micronutrient content in corn grains (Feroz Viptera 3) with different treatments. Itaara - RS, 2019/20.
	Treatments
	Macronutrient (g.kg-1)
	Micronutrient (mg.kg-1)

	
	N
	P
	K
	Mg
	S
	Cu
	Fe
	Zn
	B

	
	Leaf analysis

	Witness
	15.6 b
	2.3
	21.1
	2.7
	1.0 b
	5.7
	528.4
	25.3
	54.6

	Mineral Nitrogen
	15.7 b
	2.7
	24.0
	2.4
	1.3 a
	6.1
	472.1
	34.2
	62.5

	1/2 Mineral Nitrogen
	15.0 b
	2.3
	23.7
	2.9
	1.1 b
	6.1
	503.7
	26.8
	59.4

	Nitro 1000
	16.5 b
	3.1
	26.0
	3.0
	1.4 a
	6.6
	484.7
	37.3
	64.2

	Azonit
	19.8 a
	2.8
	26.4
	2.9
	1.2 a
	7.1
	496.1
	34.3
	60.0

	Azonit + 1/2 Mineral N.
	23.2 a
	2.7
	25.0
	2.9
	1.3 a
	7.2
	474.6
	33.4
	57.8

	Mean
	17.6
	2.7
	24.2
	2.8
	1.2
	6.5
	493.3
	31.9
	59.8

	Anova
	*
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	21.7
	16.6
	14.1
	16.7
	14.3
	24.3
	18.5
	21.1
	9.3

	
	Grains

	Witness
	12.1 b
	2.6
	2.6
	0.9
	1.0
	1.5
	24.0
	19.8
	1.1

	Mineral Nitrogen
	14.2 a
	2.6
	2.6
	0.9
	1.1
	1.8
	21.0
	17.3
	1.4

	1/2 Mineral Nitrogen
	14.4 a
	2.7
	2.5
	0.9
	1.1
	1.5
	22.5
	18.8
	1.3

	Nitro 1000
	15.4 a
	2.7
	2.6
	0.9
	0.9
	1.3
	20.7
	19.3
	1.2

	Azonit
	14.7 a
	2.7
	3.1
	1.1
	1.0
	1.5
	24.5
	21.5
	2.1

	Azonit + 1/2 Mineral N.
	14.1 a
	2.8
	2.9
	1.1
	1.0
	1.5
	25.0
	20.8
	1.4

	Mean
	14.2
	2.7
	2.7
	1.0
	1.0
	1.5
	23.0
	19.6
	1.4

	Anova
	*
	ns
	ns
	ns
	ns
	ns
	ns
	ns
	ns

	CV%
	9.0
	20.7
	16.6
	33.0
	13.4
	36.5
	16.5
	25.9
	52.8


1Means followed by the same letter (column) do not differ significantly from each other by the Skott Knott test (p>0.05); 2CV: Variation Coefficient.
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