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Abstract: The objective of the study was to evaluate the effect of foliar application of urea and
urea-formaldehyde, triazone-based fertilizers on soybean and corn crops. Four experiments were
carried out, two on soybeans, one on first season corn, and the other on second season corn.
The experiments were conducted using a randomized block design, with 5 treatments studied:
T1—control without application of foliar nitrogen (N); T2—foliar application of conventional urea
solution and three treatments with Hexion foliar fertilizers based on urea-formaldehyde and triazone
(N-Hexion®), with varying levels of N and slow-release components; T3—Hexion 1; T4—Hexion 2;
and T5—Hexion 3. The foliar application of conventional urea showed no statistically significant
difference in relation to the control for the yield components and grain yield for the soybean crops
in seasons 2018-2019 and 2019-2020. Urea-formaldehyde/triazone treatments showed a significant
increase in yield for soybeans in the 20182019 season compared to the control and to conventional
urea. Nitrogen fertilizers with high percentages of slow-release compounds promote nitrogen release
more slowly, which led to no significant increase in yield for Hexion 1. No statistical differences were
observed in the corn yield for the first and second crop.

Keywords: nitrogen assimilation; slow-release fertilizer; foliar fertilization; complement of nitrogen
fertilization; liquid fertilizers

1. Introduction

Soybean (Glycine max (L.) Merrill) and corn (Zea mays L.) are among the most economically
important crops in Brazil. According to the United States Department of Agriculture, Brazilian soybean
and corn production in the 20202021 harvest season will have a projected output of 131 and 106 million
tons, respectively [1]. Crop yield is related to genotype, environment, and management. To maximize
crop potential, the availability of nutrients must be synchronized with plant requirements [2].

In the case of nitrogen (N), much of what is required by soybean in Brazil comes from a symbiotic
relationship with Bradyrhizobium elkani and B. japonicum, which are provided by inoculation before
or during sowing [3]. The bacteria infect the roots of the plant causing production of nodules at
phenological stage V1. Throughout the vegetative stages of development, the number of nodules
increases along with the rate of N fixation, reaching a peak at the grain filling stage, R5, and then
decreasing rapidly thereafter [2].
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The launch of cultivars with a high yield potential combined with research results on the response
of soybean to the late application of N has raised doubts about the need for nitrogen fertilizers
for soybeans [4-6]. On the other hand, fertilization with N is one of the most important factors in
the management of corn due to losses of up to 44% of N-NHj through the ammonia volatilization
process [7] when using urea as a top-dressing.

In this context, foliar fertilization in phenological stages R2 through R6 for soybean [8] and
V13 through R1 for corn [2], appears as a complement and alternative to minimize N losses from
traditional fertilization. Furthermore, there is great ease of application and relatively low costs, if foliar
N application is performed concurrently with pesticide application.

Several studies have already been carried out with the application of different sources of N,
mainly urea (45% N) and urea-ammonium nitrate (UAN) (32% N) mixture of 50% NH4NO;3; and
50% CO(NH,), [9]. However, few studies have tested the application of slow-release liquid nitrogen
fertilizers in soybeans and corn under tropical and subtropical conditions.

According to Guelfi [10], slow-release fertilizers are products of condensation of urea with
aldehydes in order to release the nutrient slower than conventional sources. Among the most used are
urea formaldehyde (UF), methylene urea (UM), and isobutylidene-diurea (IBDU). UF slow-release
fertilizers reduce the solubility of the N fractions present in their composition [11] by reacting under
controlled conditions of pH, temperature, molar ratio, and reaction time, forming polymer chains
between formaldehyde carbon and urea [10]. The final product is a fertilizer with different molecular
weights, degree of polymerization, and N solubility [12,13].

The foliar application of nitrogen (N) and other essential nutrients for plant growth and
development is an important practice for agricultural production. Most of the traditional nitrogen leaf
nutrients contained ammonium, nitrate, and/or urea, before sources of N based on urea-formaldehyde/
triazone were commercially on the market in liquid form [13-15].

Traditional sources of N have a higher rate of salinity, which increases the potential to burn the
leaves of plants, making the use of these N sources more difficult [16]. Wesley and coworkers observed
injuries to soybean leaves when UAN was applied, decreasing its yield [4]. To prevent or minimize leaf
burning, N-urea-triazone fertilizers can be used [16,17]. These fertilizers are formed by a controlled
reaction with urea, formaldehyde, and ammonia [17], which according to the Association of American
Plant Food Control Officials (AAPFCO) [18], must contain at least 25% N of the total. The triazone
formed during the reaction must contribute at least 40% of the fertilizer N with the remaining N coming
from urea and low molecular weight intermediate compounds derived from polymethylene urea.

According to Clapp and Paham [17], the application of N by means of slow-release foliar fertilizers
with triazone presents characteristics of greater permanence on the surface of the leaves in the liquid
phase, less potential for burning the leaves, and less loss by evaporation and volatilization, when
compared to urea solution. In °N isotope studies with different sources of N, it was found that
triazone was absorbed in an amount equal to or greater than that of urea, ammonium, and nitrate [16].
Kissel and Cabrea [19], working with urea-formaldehyde and triazone solution containing 38% of
total N as urea, 57% as triazone, and 5% with side reaction products, found that this fertilizer was
approximately four times more stable than a 100% urea-based solution in volatilization studies carried
out in Kansas, USA. In their study, losses were 12.2% and 3.2% for urea and urea-triazone, respectively,
after four days [19].

Several studies have already been carried out with the application of different sources of N in
soybean and corn crops [2,7,20-24]. However, there are few studies that have tested the application of
liquid urea formaldehyde-triazone fertilizers in these crops. Thus, the objective of the study was to
evaluate the effect of foliar application of urea and urea-formaldehyde, triazone-based fertilizers on
soybean and corn crops.
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2. Materials and Methods

2.1. Experimental Design, Treatments, and Crop Management

The experiment during soybean season 2018/2019 was carried out at the Technology Diffusion
Unit (UDT) of Cocamar Cooperativa Agroindustrial (23°35’33” S, 52°04’12” W), Floresta, Parana State,
Brazil. The experiment during corn season 2018/2019 and soybean season 2019/2020 were carried
out at the Integrated University Center (23°98'82” S, 52°34’64” W), Campo Mourdo, Parana State,
Brazil. The experiment during the corn second season was carried out at Sitio Santa Lucia, (24°05'36” S,
51°41’85” W), Lunardeli, Parand State, Brazil. These experiments were conducted in areas under
no-tillage for more than 15 years, with previous cultivation of corn for the experimental areas of soybean
(2018/2019 and 2019/2020), wheat for the experimental area of corn season (2018/2019), and soybean for
the experimental area of corn second season (2019).

The soils of the experimental areas are classified as dystrophic Red Latosol [25], which corresponds
to a Hapludox [26], and climate is classified as humid subtropical (Cfa) according to the Képpen-Geiger
classification system [27]. The data for precipitation, temperature, and relative humidity of the
air during the conduction of the experiments were obtained from INMET (Instituto Nacional de
Meteorologia) and Instituto das Aguas do Parand, and are presented in Figure 1. Twenty samples were
taken for chemical and particle size analysis of the soil (layer 0-20 cm), to produce a composite sample.
These results are described in Table 1.

Table 1. Chemical and physical characterization of the dystrophic Red Latosol (Hapludox) at a depth
of 020 cm from soybean and corn experiments.

Crops
Soil Attributes 2%‘;?_’;’3;9 250(;}9’1_);3; 0 First Season Corn  Second Season Corn

pH CaCl, 4.90 5.20 5.20 5.15
H + Al (cmol, dm™3) 5.23 5.51 4.78 5.45
AP (cmol. dm™3) 0.00 0.00 0.00 0.00
Ca?* (cmol. dm™3) 2.98 3.73 5.58 6.44
Mg?* (cmol. dm~3) 1.39 1.59 1.52 1.31
K* (cmol. dm~2) 0.24 0.50 0.44 0.55
SB (cmol, dm™3) 461 5.82 7.54 8.30
CEC (cmol. dm™3) 9.84 11.33 12.31 13.75

BS (%) 47 51 61 60
P (gdm™3) 14.11 21.72 7.42 13.39
B (g dm) 1.72 0.20 0.47 0.20
OC (g dm™3) 26.03 23.87 22.45 18.74
OM (%) 2.60 2.38 2.24 1.87

Sand (%) 18 18 18 18

Silt (%) 6 10 10 16

Clay (%) 76 72 72 66

pH CaCl, (0.01 M); H + Al was extracted by using the SMP method; Ca, Mg, and Al contents were extracted by KCl
1 mol L!; P and K contents were extracted by Mehlich-1; SB: sum of bases (Ca + Mg + K); CEC: cation exchange
capacity (SB + H + Al); %BS: percent base saturation [(SB/CEC) x 100]; total C content was determined by using
Walkley and Black method; B was extracted with hot water and soil texture: densimeter method.
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Figure 1. Precipitation, minimum and maximum temperature, and relative humidity of the air for
soybean season 2018/2019 (A), soybean season 2019/2020 (B), corn first season 2018/2019 (C), and corn
second season 2019 (D).

The experimental design used was a randomized block, with 5 treatments with 5 replications
studied. The treatments consisted of a control without application of foliar N (T1), a conventional
urea solution (T2), Hexion® 1 nitrogen fertilizer with 28% N and 70% slow-release compounds (T3),
Hexion® 2 nitrogen fertilizer with 26% N and 60% slow-release compounds (T4), and Hexion® 3
nitrogen fertilizer with 24.5% N + 0.5% B + 0.3% Mo with 55% slow-release compounds (T5).

The experimental units were composed of 8 rows of 10 m in length spaced 0.45 m apart, totaling
36 m?. The treatments were applied at the phenological stage R2 (full bloom) for soybean and V13
(thirteen-leaf) for first season corn and second season corn. The dose used was 10 L ha™!, using a
backpack sprayer pressurized with CO,, with empty cone Jacto® ATR nozzles manufactured in Brazil
in the state of Sao Paulo, regulated to 75 psi working pressure, and a flow rate of 120 L ha™?.
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Two harvests were evaluated for soybean, with sowing carried out on 6 November 2018 and
11 November 2019, using cultivars of the same physiological maturation group BMX Garra IPRO and
Corteva 6215, respectively. Basic fertilization consisted of 300 kg ha~! of 02-20-18 (N-P,05-K,0).
In the corn crop, two crops were evaluated: one of first season corn and the other of second crop corn,
sown on 25 October 2018 and 23 March 2019, using the hybrid Pioneer P30F53 VYHR for the summer
harvest (first season corn) and Morgan 30A37 for the winter harvest (second season corn), and basic
fertilization of 300 kg ha=! of 10-15-15 (N-P,05-K,0) and 500 kg ha=! of 13-24-12 (N-P,05-K,0),
respectively. Top-dressing N fertilization was applied at a dose of 200 kg ha™! of N divided at
phenological stages V4 (100 kg ha™!) and V6 (100 kg ha™!) for first season corn. Second season corn
was fertilized with 65 kg ha™! of N top-dressing at phenological stage V4, as recommended in the
Parana State Fertilization and Liming Manual [28].

2.2. N Status of the Soybean, Corn, and Yield Components

The N status of soybeans was assessed by randomly collecting the third fully developed leaf,
from top to bottom on the main stem. For corn, the middle third of the first opposite leaf below the ear
was collected [28]. Collection of samples was accomplished at phenological stage R4 for both cultivars,
with the purpose of evaluating the N content after the application of the treatments. After sampling,
the leaves were washed in distilled and deionized water and dried in an oven with forced air circulation
at 65 °C for 72 h. Subsequently, the materials were ground in a Willey mill, weighed, and subjected to
sulfuric digestion to determine leaf N content using the Kjeldahl method [29].

In the phenological stage R6 for soybean, 5 plants per experimental unit were sampled at random
in order to obtain the yield components of soybean pods with 1, 2, and 3 grains (POD 1, POD 2,
and POD 3), as well as the total number of pods per plant (NPP) and number of grains per plant (NGP).
When soybean and corn showed physiological maturation at stage R8 and R6, respectively, the harvest
was carried out on 9 March 2019 and 27 March 2020 for soybean 2018-2019 and 2019-2020, respectively.
For corn, harvests proceeded on 7 March 2019 and 5 August 2019 for first season corn and second
season corn, respectively. The area harvested was 8 m from the three central rows of each plot, totaling
10.8 m? of usable area. After harvesting, the moisture content of the grains was corrected to 13% and
yield calculated in kg ha™!. After this evaluation, 50 grains were selected at random from each plot
and weighed three times to determine the variable mass per thousand grains (TMG).

The components of corn yield were evaluated after harvesting at the physiological maturation
stage R6, with the number of rows per ear (NR), number of grains per row (NGR), and number of
grains per ear (NGC) estimated. For these estimates, 10 ears were selected at random from the useful
plot area.

2.3. Statistical Analysis

The data obtained were subjected to homogeneity of variance (Bartlett) and error normality
(Shapiro-Wilk) tests, thus meeting the assumptions for analysis of variance [30]. Subsequently, the data
were subjected to analysis of variance and their means compared using the Scott-Knott test (& = 0.1),
using SISVAR 5.6 statistical software. Analysis using Pearson’s linear correlation was conducted using
the software R 3.6.3 (R Development Core Team).

3. Results and Discussion

Climatic conditions were generally favorable to the development of crops, apart from second
season corn grown in 2019 (Figure 1). For the soybean crop, the accumulated precipitation was 705
and 722 mm for the years 2018-2019 (Figure 1A) and 2019-2020 (Figure 1B), respectively, with volumes
of 450-800 mm meeting the water requirement of the crop, depending upon rain distribution during
the plant cycle and cycle length of cultivars [31]. Despite the accumulated precipitation having met
the total soybean water requirement, only 10.8 mm accumulated between the phenological stages R4
(pod fully developed) and R5 (grain filling) for the 2018-2019 season (Figure 1A) in the period from
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January 22 to February 11. According to Farias et al. [32], the need for water in soybean crops increases
with the development of the plant, reaching its maximum need of 7 to 8 mm day~! during grain filling
and then decreasing afterward. Thus, the water availability in this period could have been less than
demand, negatively affecting yield.

For corn, rainfall accumulations of 569 and 296 mm were recorded for the first crop (Figure 1C)
and second crop (Figure 1D), respectively. In this case, water needs were not met for second crop corn
(Figure 1D). The findings of Fancelli [33], suggest that corn requires 400-600 mm of precipitation to
meet its production potential.

Regarding the number of grains per pod (POD 1, POD 2, and POD 3) and number of total pods per
plant (NPP), significant statistical differences were observed in their averages for the 2018-2019 soybean
season (Table 2). The treatments Hexion 2 and Hexion 3 were superior to Hexion 1, urea solution,
and control for POD 1 and POD 2. Conversely, POD 3 varied from 19.7 to 27.1 pods, with all treatments
of Hexion 1, Hexion 2, and Hexion 3 statistically superior to the urea solution, as well as the control
treatments. For number of pods per plant (NPP) and number of grains per plant (NGP), all treatments
based on urea-formaldehyde/triazone N Hexion 1, Hexion 2, and Hexion 3, were statistically superior
to the treatments with urea and the control (Table 2).

Table 2. Average data of pod one grain (POD 1), pod two grain (POD 2), pod three grain (POD 3),
number pod per plant (NPP), number of grain per plant (NGP), leaf nitrogen (LN), thousand mass
grains (TMG), and yield, as a function of treatments in soybean year 2018-2019 and 2019-2020.

LN T™MG Yield Increase in Yield in

Treatments Year Pod 1 Pod 2 Pod 3 NPP NGP Relation
gkgl g kg ha-1 to the Control (%)
Control 18/19 4.7b 125b 19.7b 37.0b 889b 44.6 a 129.5a 2618 b _
Urea 18/19 43b 10.2b 17.6 b 32.1b 77.6 b 419a 1234 a 2496 b —4.6
Hexion 1 18/19 42b 13.0b 253 a 425a 106.3 a 39.4b 1224 a 2646 b 1.0
Hexion 2 18/19 6.3a 154 a 225a 442 a 104.7 a 389b 1215a 2869 a 9.6
Hexion 3 18/19 6.6a 16.1a 27.1a 499 a 1202 a 40.2b 128.1a 3003 a 14.7
Control 19/20 78a 19.7 a 215a 49.1a 1120a 574a 1372 a 3112 a _
Urea 19/20 94a 219a 24.1a 55.5 a 125.8 a 579a 1420 a 3190 a 2.5
Hexion 1 19/20 78a 195a 225a 498a 1144a 559a 1399a 3091 a -0.6
Hexion 2 19/20 84a 204 a 25.0a 539a 1243 a 574 a 1423 a 3283 a 5.5
Hexion 3 19/20 83a 21.2a 255a 55.1a 1274 a 579a 1369 a 3267 a 5.0

In the column, means followed by the same letter do not differ, through the Scott-Knott test (10%).

According to Moreira et al. [22], working with yield and response of the N status of the soybean
crop through the foliar application of 10 L ha™! of N at the phenological stage R3 (beginning of pod
formation), no significant differences were found for total pods per plant (NPP), using urea solution
CO(NHa;),, corroborating the results of the present work. For the 2019-2020 soybean crop, no significant
differences were observed for POD 1, POD 2, POD 3, NPP, and NGP, as described in Table 2.

Regarding corn, no statistically significant difference was observed in the yield components of the
crop (Table 3), apart from number of rows (NR) and mass of a thousand grains (TMG) of the second
crop corn grown in 2019 (Table 3). The Hexion 1 treatment was statistically superior to the other
treatments, and the urea solution and Hexion 2 were superior to the control without application of
N and to Hexion 3 for the NR variable (Table 3). With respect to the influence of application times
and nitrogen sources in top-dressing in second crop corn under no-tillage, Kappes et al. [20] observed
that the application of nitrogen provided a greater number of grain rows per ear, regardless of the
nitrogenous source.

The levels of N in soybean leaves (LN) ranged from 38.9 to 44.6 and 55.9 to 57.9 g kg™ for the
2018-2019 and 2019-2020 seasons, respectively (Table 2). However, only the 2018-2019 soybean crop
showed a statistically significant difference. The leaves were collected in the phenological stage R4 due
to the application of treatments that were carried out in R3. This made it difficult to compare with the
standard values of N in the leaf for adequate levels in R2, as suggested by the Manual of Fertilization
and Liming for the State of Parana, which is from 45 to 61 g kg™! of N [28].
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Table 3. Average data of number of rows (NR), number of grains per row (NGR), number of grains per
cob (NGC), leaf nitrogen (LN), thousand mass grain (TMG), and yield, as a function of treatments in
first season corn 2018-2019 and second season corn 2019.

LN TMG Yield Increase in Yield in Relation
Treatments Year NR NGR NGC g kg1 g kg ha-1 to the Control (%)
Control 18/19 119a 22.0a 263.2 a 253 a 415.7 a 5854 a _

Urea 18/19 123a 224a 279.4 a 25.1a 400.0 a 7075 a 20.8
Hexion 1 18/19 133 a 259a 345.7 a 247 a 3979 a 7579 a 29.5
Hexion 2 18/19 127 a 234 a 299.2 a 249a 3915a 7768 a 32.7
Hexion 3 18/19 129a 25.0a 327.0a 258 a 396.7 a 7897 a 349

Control 2019 15.5¢ 35.0a 542.5a 259a 323.2a 5180 a _

Urea 2019 15.8b 32.7a 518.7 a 25.6a 326.1a 5141 a -0.7
Hexion 1 2019 16.3a 352a 575.6 a 26.7 a 330.6 a 5314 a 2.6
Hexion 2 2019 16.0b 345a 552.0a 27.5a 308.0 b 5292 a 22
Hexion 3 2019 15.3 ¢ 36.5a 559.6 a 269 a 305.6 b 5370 a 37

In the column, means followed by the same letter do not differ, through the Scott-Knott test (10%).

Taking these values as a standard, only the treatment without application of N (control) showed
a value within the range considered appropriate, which was 44.6 g kg~! of N. The treatments that
presented the highest levels of LN were the control and the treatment with urea solution (Table 2),
which statistically surpassed all treatments based on urea-formaldehyde. This fact may have occurred
due to the effect of diluting N on the leaves by greater translocation of N to a greater number of sinks
generated (NPP) in the urea-formaldehyde/triazone treatments [34].

Although urea is considered the most suitable source of N for foliar application due to its nonpolarity,
rapid absorption, and high solubility [35,36], several studies have shown that there is no significant
difference in absorption between urea and other nitrogen sources for foliar applications [37,38]. For first
season 2018-2019 and second season 2019 corn, no significant differences in LN levels were observed
with ranges from 24.7 to 25.8 g kg™! and 25.6 to 27.5 g kg ™!, respectively (Table 3). Other studies with
three forms of foliar fertilizers containing nitrogen did not observe a statistical difference in LN levels
in corn [39]. Likewise, the same observation was made for tomato crops [16].

The mass per thousand grains (TMG) measurement for the 2018-2019 and 2019-2020 soybean
crops did not demonstrate a significant difference between the average of the treatments, ranging from
121.5 t0 129.5 g and 137.2 to 142.3 g, respectively (Table 2). These results agree with those obtained
by Moreira et al. [22] while studying the foliar application of N through different nitrogen sources
in soybean culture with no significant effect on TMG observed. However, for yield during the
2018-2019 soybean season, the treatments based on urea-formaldehyde/triazone Hexion 2 and Hexion 3
demonstrated statistically superior performance compared to treatments Hexion 1, urea solution, and the
control (Table 2), providing interesting results from an agronomic point of view. Kotz-Gurgacz and
coworkers, working with foliar application of urea formaldehyde in the state of Sao Paulo, also observed
a significant increase in yield of 15.6% in the bean crop in comparison to the control [40]. When analyzing
Pearson’s linear correlation for the 2018-2019 soybean crop, it is observed that production showed a
positive correlation of 0.36, 0.35, and 0.36 for POD 1, POD 2, and NPP, respectively (Figure 2). These are
components that contributed significantly to the increase in yield.

A study in Parana state with increasing applications of nitrogen foliar fertilizer with
enhanced-efficiency fertilizer in the phenological stages of soybean, observed a quadratic response
when foliar fertilizer was applied in R1 (beginning flowering) and R4 (full pod), which provided
a significant increase in yield of 338 and 296 kg ha~! of soybean, respectively [2]. In the current
experiment, the significant increase in yield in relation to the treatment without application of foliar
N for the 2018-2019 soybean crop (Table 2) was 251.2 and 384.6 kg ha™! for Hexion 2 and Hexion 3,
respectively. These values compare closely to those found by Pacentchuk et al. [2] in an experiment
also carried out in the state of Parana.
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Figure 2. Pearson linear correlation matrix between soybean yield components for the year 2018-2019:
pod one grain (POD 1), pod two grain (POD 2), pod three grain (POD 3), number pod per plant
(NPP), number of grain per plant (NGP), leaf nitrogen (LN), thousand mass grains (TMG), and yield.

L

Note: * significant at 10%, ** significant at 5%, *** significant at 1%.

The slow-release nitrogen liquid fertilizers (N-Hexion®) showed a significant increase in yield
in comparison to 15 and 20% urea solution for Hexion 2 and Hexion 3, respectively. This occurs,
according to Clapp and Parham [17], because the application of N by means of foliar slow-release
fertilizers with triazone enables characteristics of greater permanence on the surface of the leaves in the
liquid phase with less potential for burning the leaves and less loss by evaporation and volatilization
when compared with urea solution. In the best treatment, Moreira et al. [22] observed that foliar
fertilization with urea increased soybean (2018/2019) yield by 8.6% when compared to the control.
This was lower than the value obtained by the present work in which the treatments Hexion 2 and
Hexion 3 the urea-formaldehyde/triazone base showed 9.6 and 14.7% increase, respectively, in soybean
yield when compared to the control.

Notice that Hexion 1 showed no statistical difference for productivity compared to the control
and urea solution in the 2018-2019 soybean season (Table 2). It can be observed that Hexion 1 has a
high proportion of 70% slow-release N compounds, contributing to a lower nitrogen absorption by the
plant, unlike the Hexion 2 and Hexion 3 treatments that have slow-release proportions of 60 and 55%
respectively. Nitrogen fertilizers with high percentages of slow-release compounds promote nitrogen
release more slowly due to reduced solubility of N fractions, resulting from the formation of long
polymer chains between carbon formaldehyde and urea [11-14]. The proportion of slow-release N
compounds and soluble N is important to achieve high yields in soybeans and corn, since both crops
develop in only a few months.

The same did not happen for the 2019-2020 soybean crop as the treatments did not show a
significant difference in their averages (Table 2). Although no statistical difference was observed for the
2019-2020 soybean crop, Hexion 2 and Hexion 3 promoted an average increase of 5.2% in comparison
to the control (Table 2). According to Camara [41], the increase in nodulation reaches a first peak at full
flowering, R1 to R2, in response to the first peak of photosynthetic activity occurring at the beginning
of flowering. As fruiting evolves, photosynthetic activity increases and more carbon is fixed through a
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second photosynthesis peak between stages R4 and R5.1. Part of this is sent to the roots as a result of a
second nodulation peak and biological nitrogen fixation (BNF) between stages R5.1 and R5.3.

If water stress occurs at this stage, this negatively affects the formation of nodules and BNF,
decreasing the size of the nodules and reducing their activity [42—-44]. This may have led to a significant
response to N foliar fertilization of the 2018-2019 soybean crop, as a result of supplying the need for N
once BNF was compromised.

Regarding corn culture, the TMG, an important yield component, was not influenced by the
fertilization of foliar N for corn first season 2018-2019 (Table 3). This corroborates other research
findings [20,21,45,46] which studied the nitrogen top-dressing management in corn crops under
no-tillage. According to Borras and Otegui [47], this is the production component least affected by
variations in management and fertilization practices.

For the second season corn, the treatments composed of Hexion 1, urea solution, and control
showed means statistically superior to the treatments Hexion 2 and Hexion 3, for the variable TMG
(Table 3). In general, an increase in NGC results in a corresponding decrease in TMG. This can
explain part of the decrease in TMG for corn in the treatments that received the application of foliar
formaldehyde-urea/triazone (i.e., Hexion 2 and Hexion 3).

For corn yield (Table 3), the first season crop 2018-2019 and the second season crop 2019,
neither harvest showed statistical difference between their averages. This corroborates the results
obtained by Kappes et al. [21] who, studying agronomic performance of corn grown under no-tillage,
did not observe significant differences in yield with foliar application of N. Although no statistical
difference was observed for the first season corn 2018-2019, the solution of urea, Hexion 1, Hexion
2, and Hexion 3 promoted increases of 20.8, 29.5, 32.7, and 34.9%, respectively, in comparison to the
control (Table 3). On average, the use of N foliar fertilizers increased corn yield by approximately 24%.

For corn second crop 2019, there was no significant difference in yield when compared to
first season corn 2018-2019 (Table 3). This was due to the limitations imposed during the second
season corn caused by the decrease in temperature, light, and precipitation [48]. In this case, water
requirements were not met for second season corn (Figure 1D) with accumulated rainfall of only 296 mm.
Corn cultivation requires a volume of 400-600 mm of precipitation to meet yield expectations [33].
Although no statistical difference was observed for the second season corn 2019, Hexion 1, Hexion 2,
and Hexion 3 promoted increases ranging from 2.2 to 3.7% in relation to the control (Table 3).

Regarding the foliar application of N, the different responses are quite divergent in the literature,
which is probably due to the different cultivars used, edaphoclimatic conditions, and the different
sources of N. However, it is worth considering that in this work, the application of foliar N aims to
complement the N applied via base and top-dressing, so that it is possible to supply cultivars with a
high yield potential, and to supply possible nutrient deficiencies in the grain filling phase due to losses,
mainly due to volatilization.

4. Conclusions

Foliar application of urea-formaldehyde/triazone, showed a significant difference in yield components
POD 1, POD 2, POD 3, NPP, and NGP, which led to a significant increase in yield in soybean 2018-2019,
in comparison to the control and urea conventional, 9.6 and 14.7%, and 15.0 and 20.0% for Hexion 2 and
Hexion 3, respectively.

Foliar application based on conventional urea showed no statistically significant difference in
comparison to the control without application of foliar N for the yield components POD 1, POD 2,
POD 3, NPP, NGP, TMG, and grain yield for the soybean crops of 2018-2019 and 2019-2020.

Nitrogen fertilizers with high percentages of slow-release compounds, such as Hexion 1, promote
the release of nitrogen more slowly, due to the reduction of the solubility of the N fractions, contributing
to a lower nitrogen absorption by the plants, which led to no significant increase in yield for Hexion 1.

No statistical differences were observed in the yield of corn first and second season, with foliar
application of conventional urea or with enhanced-efficiency fertilizer.
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