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Article 
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Sowing Maize in No-Till 
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Filipe Silveira Severo and Johan Assmann 
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* Correspondence: eduardo.boĴega@ufsm.br 

Abstract: This study aimed to analyze the productive behavior of the maize crop, cultivated at different 
population densities, in management zones (MZ) delimited based on mapping the spatial variability of the soil 
apparent electrical conductivity (ECa). The soil ECa was measured and two MZs were subsequently delimited, 
one with low and the other with high ECa. In each MZ, four maize sowing densities were tested: 60,000 (D1); 
80,000 (D2); 100,000 (D3) and 140,000 (D4) seeds ha-1. Ear length, number of grains per ear, number of grains 
per row, number of rows per ear, thousand-grain weight, and yield were evaluated. The increase in sowing 
density in the high ECa MZ linearly reduced the values of ear diameter, number of rows per ear, number of 
grains per ear and thousand-grain weight. Sowing density D3, when implemented in the low ECa MZ, showed 
higher values for the ear length, ear diameter, number of grains per row, number of grains per ear, and 
thousand-grain weight. Sowing density D2 was the one with the highest yield, regardless of the MZ where it 
was implemented (5,628.48 kg ha-1 in the high ECa management zone and 4,463.63 kg ha-1 in the low ECa). 

Keywords: Zea mays; precision agriculture; apparent soil electrical conductivity 
 

1. Introduction 
Maize (Zea mays L.) is one of the most significant crops globally. It is grown over a wide 

geographical area and under various climatic and soil conditions. To maximize the genetic potential 
of the available varieties and hybrids, it is essential that they are cultivated according to best 
agricultural practices and in suitable environments for crop management [1].  

Maize production in Brazil for the 2023/24 season was approximately 115.6 million tons [2]. The 
2023/24 harvest presented a total cultivated area estimated at 20.9 million hectares, reducing the area 
cultivated in the previous harvest by 5.9%. In most of the states, there was a reduction in productivity 
compared to the last harvest due to climate instability. One of the exceptions was Rio Grande do Sul, 
which showed a significant recovery in productivity, where there was a 2.2% increase [2].  

The use of different maize cultivars, associated with strategies aimed at increasing crop yield, 
thus becoming a focus among studies in the scientific environment. Timely sowing and the selection 
of the appropriate planting density are significant factors that contribute to increasing crop yields. 
Plant density can vary widely and is related to several factors, such as the duration of the hybrid’s 
growing season, the morphological characteristics of the plant, its growth habit, the amount and 
distribution of rainfall during the growing period, soil moisture reserves during winter, soil fertility 
levels, the timing of planting, crop management, and biomass as well as the final yield [3]. 

The use of technologies applied to management in rural areas, considering the variability of soils, 
crop characteristics in space and time, is crucial for a beĴer interpretation, seeking beĴer control in 
decision making for agricultural crops. Precision agriculture (PA) provides adequate tools for this 
type of management. In recent years, precision agriculture has emerged as a practice that divides 
individual fields into management zones (MZs) according to the similarities in soil characteristics [4].  

The spatial variability mapping of soil apparent electrical conductivity has been studied as a 
potential tool for defining these management zones [5,6]. The chemical and physical aĴributes of the 
soil that cause variations in soil apparent electrical conductivity are also responsible for variations in 
crop productivity [7].  
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The present study aimed to analyze the productive behavior of the maize crop cultivated at 
different sowing densities in delimited management zones based on the spatial variability mapping 
of the apparent soil electrical conductivity. 

2. Materials and Methods 
The experiment was conducted from September 2021 to February 2022 in Vila Piquiri, in the 

municipality of Cachoeira do Sul - RS, with coordinates 30°13'49” South latitude and 52°47'17” West 
longitude, in an area destined to the cultivation of grains, in a plot with 17.2 ha. The predominant 
climate in the region is classified as humid subtropical [8]. The soil in the region is classified as Argisol 
[9]. In the year 2020, during the summer, the direct planting of soybeans was carried out; then, during 
the winter, harrowing was carried out and millet was sown (pasture), and, subsequently, after the 
millet harvest, the maize used in the experiment was sown. 

The beginning of the experiment occurred by establishing the sampling grid with 89 points 
regularly spaced in 50 x 50 meters (Figure 1). These points served as the basis for measuring the 
apparent electrical conductivity of the soil (ECa, mS m-1), a soil aĴribute that was later used to delimit 
the management zones (MZ). A Garmin GPS receiver, model GPSMAP 62sc, was used to locate the 
sample points in the study areas. 

 
Figure 1. Polygon demarcating the study area and grid of sampling points used as a basis for measuring the 
apparent soil electrical conductivity (ECa, mS m-1). 

ECa was measured via the electrical resistivity method. Four electrodes equally and horizontally 
spaced at 0.20 m were introduced into the soil with the aim of measuring the representative ECa of 
the soil layer from 0.0 – 0.20 m. The configuration and assembly of the electrodes was based on the 
Wenner matrix [10,11]. 

𝜌 =
2𝜋𝑎𝛥𝑉

𝑖
 (1) 

where: 𝜌  = resistivity, Ohm m-1; 𝑎  = spacing between electrodes, m; ∆V = measured potential 
difference, V; i = applied electric current, A. 

The apparent soil electrical conductivity represents the inverse of resistivity and is calculated by 
using Equation 2. 

𝐸𝐶𝑎 =
1

𝜌
 (2) 

where: ECa = apparent soil electrical conductivity, mS m-1. 
To obtain the soil apparent electrical conductivity, a portable electrical conductivity meter, 

Landviser®, model LandMapper® ERM-02, was used. The meter has the ability to measure the 
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difference in potential (voltage) between the points, making it possible to obtain the electrical 
resistance of water (humidity) in the soil. The Wenner matrix consisted of a “T” shaped frame, with 
metalon-metal tubes, steel screws (electrodes), and flexible wires of different colors. The red wires 
were connected to the current electrodes, and the black wires to the potential electrodes. To ensure 
reliability in the readings, the contact of the screws with the metalon-metal frame was properly 
insulated, and they were coated with PVC hose. Figure 2 shows the portable meter and the matrix, 
with the electrodes. 

 
Figure 2. Wenner Matrix and portable conductivity meter, Landviser®, model LandMapper® ERM-02. 

At the time of ECa readings, soil samples (0.0-0.20 cm) were taken to determine soil moisture. 
The samples were collected using a Dutch auger, stored and protected in an aluminum capsule, duly 
identified, and taken to the laboratory. To estimate soil moisture, the gravimetric method 
(greenhouse standard) was used. The samples were weighed while still wet, placed in an oven at 
105°C for 24 hours, and weighed after they dried. Both the wet weight and the dry weight were 
deducted from the aluminum capsule weight. 

After taking the ECa readings, the spatial dependence of this soil aĴribute was modeled, and the 
management zones were delimited. The spatial dependence of the apparent electrical conductivity of 
the soil was evaluated by the model validated by the cross-validation technique. After adjusting and 
validating the model, the interpolation of values for prediction in non-sampled locations was 
performed. The interpolation method adopted was the ordinary kriging, because it provides the best 
unbiased linear forecasts [12]. 

The analysis of spatial variability and the delimitation of management zones was carried out in 
the Geographic Information System (GIS) Quantum Gis, version 3.10.11 (A Coruña), and using the 
Smart-Map plugin [13]. Smart-Map enables the prediction and mapping of soil aĴributes. It allows 
the interpolation of data using Ordinary Kriging and Machine Learning techniques through the 
Support Vector Machine (SVM), as well as the delimitation of management zones. 

After delimiting the MZ, maize sowing was carried out. For sowing, a Ford 4x2 TDA tractor, 
model 7610, with a 103 hp power, and a fertilizer seeder, Semeato brand, model PSE 8, with 6 rows 
spaced at 0.5 m were used. Maize was sown on September 28, 2021, following the agroclimatic zoning 
of maize in the region. After maize sown, 11.2 mm of rain fell in the area. The sowed hybrid was the 
LG RNC 3040VIP3. This hybrid has Agrisure Viptera 3® protection benefits, with a recommended 
sowing density of plants equivalent to 60,000 plants per hectare. In this study, the following sowing 
densities were tested: 60,000 (1), 80,000 (2), 100,000 (3) and 140,000 (4) seeds per hectare, aiming to 
model the productive behavior of the implanted hybrid, based on the regression analysis. 

The area used for sowing the different sowing densities studied was equivalent to 66 m² in each 
MZ, totaling 132 m². The experiment was set up following the statistical design of randomized blocks 
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(2x4) with 3 replications, two MZ (high and low ECa) and 4 sowing densities. The plots consisted of 
3 sowing lines with 10 meters in length. 

The following variables were evaluated for each sowing density of plants in each MZ: ear length 
(EL, cm), ear diameter (ED, cm), number of rows per ear (NRE), number of grains per row (NGR), 
number of grains per ear (NGE), thousand-grain weight (GW, g), and yield (YLD, kg ha-1). The ears 
present in the plants in 3 rows with 10 meters in length were manually harvested in each repetition 
of each treatment. CE and DE were obtained by measuring the ears with a graduated ruler; NFE, 
NGF, and NGE were obtained by manual counting; PMG was obtained by weighing a thousand 
grains in a precision scale; and PROD was estimated by extrapolating the obtained weight by area of 
each repetition for 1 hectare. 

The obtained values were recorded in an Excel spreadsheet. They were submiĴed to descriptive 
statistical analysis, calculating the minimum value, mean, maximum value, standard deviation, and 
coefficient of variation. A regression analysis was carried out in order to adjust representative models 
of each studied component behavior as a function of sowing density and management zone where 
the crop was implanted. The analyzes were carried out in the SISVAR computer program [14]. 

3. Results 
Figure 3 shows the graph referring to the rainfall recorded for the period in which the study was 

carried out. The rainfall recorded during the corn crop cycle was 183 mm. 

  
(a) (b) 

Figure 3. Daily (a) and cumulative (b) precipitation recorded for the months in which the study was conducted. 

Figure 4 shows the semivariograma (Figure 4a), thematic maps representing the spatial 
variability of ECa in the study area (Figure 4b) and the management zones, indicating the sowing 
sites of the different sowing densities studied (Figure 4c). In this study, two well-defined MZ were 
adopted. Class 1 (red) represents the high ECa zone, and Class 2 (green), the low ECa zone. 

  
(a) (b) 
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(c) 

Figure 4. Semivariogram (A), thematic maps representing the spatial variability of ECa in the study area (B) and 
management zones (C), indicating the sowing sites of the different sowing densities studied. 

Table 1 presents the descriptive statistical parameters of the studied variables: apparent soil 
electrical conductivity (ECa; mS m-1), soil moisture (SM, g g-1), ear length (EL, cm), ear diameter (ED, 
cm), number of rows per ear (NRE), number of grains per row (NGR), number of grains per ear 
(NGE), thousand grain weight (GW, g), and productivity (YLD, kg ha-1). We observed the highest 
mean number of grains per ear (530.19) in MZ 1 (high ECa), which resulted in higher maize mean 
productivity, the equivalent to 3,904.24 kg ha-1. The number of grains per row has a negative indirect 
effect on grain yield, therefore, a reduction in this income component will cause loss of yield [15], as 
observed in this study. 

Table 1. Descriptive statistics of variables apparent soil electrical conductivity (ECa; mS m-1), soil moisture (SM, 
g g-1), ear length (EL, cm), ear diameter (ED, cm), number of rows per ear (NRE), number of grains per row 
(NGR), number of grains per ear (NGE), thousand-grain weight (GW, g), and productivity (YLD, kg ha-1). 

Attribute Min µ Max σ VC 

Management Zone 1 (high ECa) 
ECa 1.05 3.49 8.60 1.67 47.85 
SM 0.19 0.3 0.33 0.01 3.03 
EL 9.50 13.10 15.00 1.82 13.93 
ED 3.50 4.10 4.80 0.33 8.18 

NRE 16.00 18.11 19.33 1.13 6.21 
NGR 22.00 29.22 33.67 3.85 13.17 
NGE 352.00 530.19 650.90 81.42 15.36 
GW 83.20 111.74 162.87 22.32 19.97 
YLD 2,045.45 3,904.24 7,456.36 1,654.65 42.38 

Management Zone 2 (low ECa) 
ECa 1.05 2.87 5.32 1.01 35.19 
SM 0.11 0.11 0.12 0.02 18.18 
EL 11.83 13.69 17.00 1.60 11.67 
ED 3.70 4.14 4.86 0.32 7.71 

NRE 17.33 18.29 19.33 0.67 3.69 
NGR 22.96 28.36 37.27 4.45 15.7 
NGE 429.30 517.71 696.90 75.93 14.67 
GW 100.86 121.36 148.32 13.57 11.18 
YLD 1,794.55 3,157.42 4,840.00 918.22 29.08 

Min = Minimum; µ = Mean; Max = Maximum; σ = Standard deviation; VC = Variation coefficient (%). 
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The adjusted models based on the regression analysis for the analyzed variables are presented 
in Figure 5, namely: Ear length (Figure 5a), ear diameter (Figure 5b), number of rows per ear (Figure 
5c), number of grains per row (Figure 5d), number of grains per ear (Figure 5e), and thousand-grain 
weight (Figure 5f), observed for the different sowing densities as a function of the management zones 
where they were implanted (MZ 1: high ECa; MZ 2: low ECa). The quadratic function was the 
function that best adjusted to the observed results for the evaluated variables, when maize was sown 
in MZ 2, regardless of the sowing density studied. For the sowing densities implanted in MZ 1, the 
linear function was the function that best adjusted to the results observed for the ear diameter, 
number of rows per ear, number of grains per ear, and thousand-grain weight variables, showing 
that the increase in sowing density causes a reduction in the values of these variables. For the 
observed values of the ear length and number of grains per row variables, the quadratic model was 
the best fit. The best adjustments (higher R2 values) were obtained for the different sowing densities 
in MZ 1, with 0.89 being the lowest and 0.99 being the highest R2 value. As for the model adjustments 
for the analyzed variables in MZ 2, they presented lower R2 values, with 0.58 being the lowest and 
0.98 the highest value. 

(a) (b) 

(c) (d) 

(e) (f) 
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Figure 5. Ear length (A), ear diameter (B), number of rows per ear (C), number of grains per row (D), number of 
grains per ear (E), and thousand-grain weight (F) observed for the different sowing densities depending on the 
management zones where they were implanted (MZ 1: high ECa; MZ 2: low ECa). **Significant coefficient at 1% 
probability; *Significant coefficient at 5% probability. 

Regarding the ear length, the highest sowing density caused a reduction in this yield component, 
regardless of the MZ where it was implanted. For sowings in MZ 1, densities 1, 2, and 3 did not show 
differences, whereas in MZ 2 the greatest ear length (16 cm) was obtained for density 3 (100,000 seeds 
per hectare). Each hybrid has its specific characteristic of ear length, which may vary due to different 
environmental conditions during the agricultural year. 

Sowing density 3 (100,000 seeds ha-1) in the low ECa zone (MZ 2) showed, on average, the highest 
number of grains per ear, the equivalent to 623 grains. The high ECa zone (MZ 1) had the highest 
mean number of grains per ear, 581 grains at sowing density 1 (60,000 seeds ha-1). 

Sowing density 4 (140,000 seeds ha-1) in the low ECa zone showed, on average, the highest 
number of rows per ear, the equivalent to 18.8 rows. The high ECa zone, on the other hand, had the 
highest number of grains per row at sowing density 1 (60,000 seeds ha-1), with a mean value of 18.6 
rows (Figure 5c). 

Sowing density 3 (100,000 seeds ha-1) in the low ECa zone showed, on average, the highest 
number of grains per row, the equivalent to 35 grains. The high ECa zone, on the other hand, had the 
highest number of grains per row at sowing density 1 (60,000 seeds ha-1) with a mean value of 31 
grains (Figure 5d). 

Regarding the thousand-grain weight (GW), sowing density 3 (100,000 seeds ha-1) in the low ECa 
zone presented, on average, the highest value, the equivalent to 136.30 g. The high ECa zone, on the 
other hand, presented the highest GW for sowing density 1 (60,000 seeds ha-1) with a mean value of 
129.03 g. 

Figure 6 presents the adjusted models based on the regression analysis for maize yield (kg ha-1) 
observed for the different seeding rates studied and implemented in the different management zones. 
Both in the high ECa MZ (MZ 1) and in the low ECa MZ (MZ 2), sowing density 2 (80,000 seeds ha-1) 
had the highest yield. 

 
Figure 6. Maize yield observed for the different sowing densities according to the management zones where 
they were implanted (MZ 1: high ECa; MZ 2: low ECa). **Significant coefficient at 1% probability; *Significant 
coefficient at 5% probability. 

In MZ 1, the obtained yield was 5,628.48 kg ha-1, and in MZ 2, it was equivalent to 4,463.63 kg 
ha-1. These yields were, respectively, 31 and 50.7% higher than those obtained for the recommended 
sowing density for the cultivated hybrid (60,000 seeds ha-1). 

4. Discussion 
Extreme weather conditions are one of the main causes of low corn yield [16]. Due to the atypical 

year caused by the ''La Niña'' event during the experiment period, the drought recorded in the spring-
summer of 2021/2022 in the state of Rio Grande do Sul had a negative impact on the maize grain yield 
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(-53% in productivity and -55% in production). When analyzing the first quarter of 2022 (January-
February-March), we verified that in this period there was a low volume and irregularity in river 
precipitation, especially during the last week of February [17]. In the state of Rio Grande do Sul, he 
chances of above-normal rainfall are greater in El Niño years, and below-normal rainfall in La Niña 
years, influencing the climate rhythm of Rio Grande do Sul, acting under the rhythm of front 
displacement [18].  

The maize hybrid in the Brazilian territory has a varied water demand, which depends on its 
climatic condition, thus, a 380 to 550 mm water demand can be required [19]. The maize crop may 
present a drop in production due to the occurrence of water stress periods, since the lack of water 
affects the crop development, especially between the flowering stage and the physiological 
maturation [20]. Water deficit in the moment before the anthers release can reduce the grain yield by 
half; if it occurs in full flowering, it can cause a 20% to 50% drop in a period of 2 to 8 days, respectively 
[21]. Grain productivity is more affected if water stress occurs in the pollination, zygote formation, 
and grain filling phases [22]. 

Considering that the soil presents spatial variability in its water storage capacity, depending on 
the existing variation of its physical aĴributes and that the variations of these aĴributes influence the 
electrical behavior of the soil, mapping this characteristic becomes strategic in management decision-
making. Two very distinct regions were mapped, one of high and one of low electrical conductivity 
(Figure 4). The high ECa region is the result of the large difference in level, as this site is close to an 
irrigated rice crop and, therefore, has higher humidity, given the low elevation of the site. The low 
ECa region is the result of the management adopted on the property (conventional cultivation), which 
reduces the content of organic maĴer and nutrients [23], thus modifying the soil physical 
characteristics that directly influence the storage of soil water, essential for the conduction of electric 
current. 

Variations in ECa values are explained by variations in soil aĴributes, whether chemical or 
physical. positive correlation between cation exchange capacity, organic maĴer (OM) content, pH, 
H2O, calcium, magnesium and sum of bases, and negative with aluminum, were observed in different 
studies [24,25] demonstrating that mapping of ECa constitutes a tool sensitive to aĴributes 
conditioned by soil acidity. 

When studying the correlation of soil aĴributes with ECa in different soils (sandy and clayey), 
researchers observed that in the sandy soil area there was a positive correlation with the remaining 
phosphorus and in the clayey soil area, the correlation between ECa and the content of clay was 
significantly positive and negative for the sand content [26]. In another study it was observed that 
maize grain productivity was related to ECa, indicating that this soil aĴribute can be used to delimit 
management zones that reflect the different grain productivity potentials, thus enabling the 
management of soil aĴributes associated with the yield performance of crops [27]. 

The ECa variations allowed the delimitation of the study area into two management zones 
(Figure 4), considered an adequate number as it facilitates management due to the smaller number 
of distinct regions to be worked. The use of a large number of classes creates small management 
zones, which tend to increase the irregularity of the areas, thus making them difficult to manage [28]. 

The management of the sowing densities, based on management zones delimitation, can result 
in yield gains, because the sowing densities has a direct influence on the yield components of the 
crop, as observed in this study (Figure 5). The reduction in the sowing density of plants caused an 
increase in the ear length [29]. The author points out that this behavior may be associated with low 
plant density, which reduces competition for nutrients, allowing the maximization of post-anthesis 
photosynthetic activity. 

The increase in the sowing densities per unit area, by raising the sowing density, is an efficient 
way to increase the interception of incident solar radiation in the crop. However, the use of very high 
densities can negatively affect the crop photosynthetic activity and the efficiency in converting 
photoassimilates into grain production. This results in an increase in female sterility, as well as a 
reduction in the number of grains per ear and grain yield [30]. 

The number of grains per row (NGR) is directly related to the mean ear length, its potential 
depends on the interaction between the hybrid and the environment. The lower the NGR, the lower 
the number of grains per ear; thus, it is detrimental to the productive potential of the hybrid [31,32]. 
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A study demonstrated that in management zones with higher yield, the increase in sowing 
density had less influence on the number of grains per ear and grain weight. Therefore, in low yield 
management zones, the thousand-grain weight, considering a 46,000 plants ha-1 sowing density, 
presented approximately 15g for each additional 10,000 plants; consequently, the number of grains 
per ear reduced with the increase in seed density sowing, therefore no increase in the number of 
grains per m2 was observed [33]. 

The use of seed variation rate, in Rio Grande do Sul, Brazil, is efficient in increasing yield and 
profitability in the maize crop [34]. In this study, we demonstrated that for the low yield management 
zone, a beĴer result was obtained for low plant sowing density, thus, using 46 and 50 thousand plants 
ha-1, in high yield management zones, they obtained beĴer gains with higher sowing density of 77 
and 82 thousand plants ha-1. 

5. Conclusions 
The apparent soil electrical conductivity showed spatial variability in the studied area, allowing 

the delimitation of two management zones. 
The increase in sowing density in the management zone of high apparent soil electrical 

conductivity linearly reduced the ear diameter, number of rows per ear, number of grains per ear, 
and thousand-grain weight values. 

Sowing density D3, equivalent to 100,000 seeds ha-1, when implanted in the management zone 
of low apparent soil electrical conductivity, showed higher values for the ear length, ear diameter, 
number of grains per row, number of grains per ear, and thousand-grain weight variables. 

Sowing density D2, equivalent to 80,000 seeds ha-1, showed the highest maize yield, regardless 
of the management zone where it was implanted. A yield of 5,628.48 kg ha-1 was obtained in the high 
apparent soil electrical conductivity management zone and 4,463.63 kg ha-1 in the low apparent soil 
electrical conductivity management zone. 

Author Contributions: Conceptualization, E.L.B. and E.B.P.; methodology, E.L.B. and Z.B.O.; software, E.B.P., 
F.S.S. and J.A.; validation, E.L.B. and E.S.; formal analysis, E.L.B. and E.B.P.; investigation, E.B.P., F.S.S. and J.A.; 
writing—original draft preparation, E.L.B. and E.B.P.; writing—review and editing, E.S. and Z.B.O.; supervision, 
E.L.B.; project administration, E.B.P. All authors have read and agreed to the published version of the 
manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The raw data supporting the conclusions of this article will be made 
available by the authors on request. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. Djalovic, I.; Prasad, P.V.V.; Dunderski, D.; Katanski, S.; Latkovic, D.; Kolaric, L. Optimal plant density is 

key for maximizing maize yield in calcareous soil of the south Pannonian Basin. Plants, v. 13, 1799, 2024. 
DOI: hĴps://doi.org/10.3390/plants13131799  

2. CONAB. Acompanhamento da safra brasileira de grãos. Brasília: DF, v.11 – safra 2023/24, n.11 - décimo primeiro 
levantamento, p. 1-129, agosto 2024. 

3. Assefa, Y.; Prasad, P.V.V.; Carter, P.; Hinds, M.; Bhalla, G.; Schon, R.; Jeschke, M.; Paszkiewicz, S.; CiampiĴi, 
A.I. A new insight into corn yield: trends from 1987 through 2015. Crop Sci. v. 57, p. 2799–2811, 2017. DOI: 
hĴps://doi.org/10.2135/cropsci2017.01.0066  

4. Zeraatpisheh, M.; BoĴega, E.L.; Bakhshandeh, E.; Owliaie, H.R.; Taghizadeh-Mehrjardi, R.; Kerry, R.; Xu, 
M. Spatial variability of soil quality within management zones: Homogeneity and purity of delineated 
zones. Catena, v. 209, p. 105835, 2022. DOI: hĴps://doi.org/10.1016/j.catena.2021.105835  

5. BoĴega, E.L.; Marin, C.K.; Oliveira, Z.B.de; Lamb, C.D.C.; Amado, T.J.C. Soil density characterization in 
management zones based on apparent soil electrical conductivity in two field systems: rainfeed and center-
pivot irrigation. AgriEngineering, v. 5, p. 460–472, 2023. DOI: 
hĴps://doi.org/10.3390/agriengineering5010030   

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 October 2024 doi:10.20944/preprints202410.0295.v1

https://doi.org/10.20944/preprints202410.0295.v1


 10 

 

6. BoĴega, E.L.; Safanelli, J.L.; Zeraatpisheh, M.; Amado, T.J.C.; Queiroz, D.M.D.; Oliveira, Z.B. de. Site-
specific management zones delineation based on apparent soil electrical conductivity in two contrasting 
fields of southern Brazil. Agronomy, v. 12, 1390, 2022. DOI: hĴps://doi.org/10.3390/agronomy12061390  

7. BoĴega, E.L.; Dias, R.F.; Sari, E.L.; Dorneles, A.B.; Marin, C.K.; Oliveira, Z.B. de. Zonas de manejo: a teoria 
na prática. Rev. Plantio Direto, v. 171, p.11-14, 2019. 

8. Alvares, C.A.; Stape, J.L.; Sentelhas, P.C.; Goncalves, J.L. DE M.; Sparovek, G. Köppen’s climate 
classification map for Brazil. Meteorol. Z., v. 22, n. 6, p. 711–728, 2013. DOI: hĴps://doi.org/10.1127/0941-
2948/2013/0507  

9. EMBRAPA. Sistema brasileiro de classificação de solos. 3. ed. Rio de Janeiro: Embrapa/CNPSo, 2013. 353 p. 
10. Corwin, D.L.; Hendrickx, J.M.H. Electrical Resistivity: Wenner Array. In: Methods of Soil Analysis Part 4 

Physical Methods. Madison, Wisconsin: SSSA Book Series, 2002. p.1282–1287. 
11. Corwin, D.L.; Lesch, S.M. Application of Soil Electrical Conductivity to Precision Agriculture: Theory, 

Principles, and Guidelines. Agron. J., v. 95, n. 3, p. 455–471, 2003. DOI: 
hĴps://doi.org/10.2134/agronj2003.4550 

12. Oliver, M.A.; Webster, R. A tutorial guide to geostatistics: Computing and modelling variograms and 
kriging. Catena, v. 113, p. 56–69, 2014. DOI: hĴps://doi.org/10.1016/j.catena.2013.09.006  

13. Pereira, G.W.; Valente, D.S.M.; Queiroz, D.M.d.; Coelho, A.L.d.F.; Costa, M.M.; Grift, T. Smart-Map: An 
open-source QGIS plugin for digital mapping using machine learning techniques and ordinary kriging. 
Agronomy, v. 12, n. 6, p.1350, 2022. DOI: hĴps://doi.org/10.3390/agronomy12061350  

14. Ferreira, D.F. A computer analysis system to fixed effects split plot type designs: Sisvar. Braz. J. Biom., v. 37, 
n. 4, p. 529–535, 2019. DOI: hĴps://doi.org/10.28951/rbb.v37i4.450  

15. Grespan, D.S.; Zuffo, A.M.; Rego, M. da S.; Santos, J.C. dos; Silva, F.C. dos S.; Barrozo, L.M. Correlações e 
Análise de Trilha em Caracteres Agronômicos de Híbridos de Milho Segunda Safra Cultivados em Balsas-
MA. Ensaios e Ciência, [S. l.], v. 27, n. 1, p. 49–54, 2023. DOI: hĴps://doi.org/10.17921/1415-
6938.2023v27n1p49-54  

16. Raza, A.; Razzaq, A.; Mehmood, S.S.; Zou, X.; Zhang, X.; Lv, Y.; Xu, J. Impact of climate change on crops 
adaptation and strategies to tackle its outcome: A review. Plants, v. 8, n. 34, 2019. DOI: 
hĴps://doi.org/10.3390/plants8020034  

17. Cardoso, L.S.; Junges, A.H.; Tazzo, I.F.; Varone, F. Estiagem ocorrida na safra 2021/2022 no estado do Rio 
Grande do Sul: avaliação semanal, de janeiro a março, das condições meteorológicas e dos impactos na 
produção agropecuária. Comunicado Agrometeorológico, Porto Alegre, n. 37, p. 6–23, abr. 2022. 

18. BriĴo, F.P.; BarleĴa, R.; Mendonça, M. Variabilidade espacial e temporal da precipitação pluvial no Rio 
Grande do Sul: Influência do fenômeno El Niño oscilação Sul. Rev. Bras. Climatol., v. 3, p. 37–48, 2008. DOI: 
hĴp://dx.doi.org/10.5380/abclima.v3i0.25408  

19. Albuquerque, P.E.P. Cultivo do milho. 6 ed. Sete Lagoas: Embrapa Milho e Sorgo, 2010. 12p. 
20. Bergamaschi, H.; Dalmago, G.A.; Bergonci, J.I.; Bianchi, C.A.M.; Müller, A.G.; Comiran, F. Distribuição 

hídrica no período crítico do milho e produção de grãos. Pesqui. Agropecu. Bras., v. 39, n. 9, p. 831–839, 2004. 
DOI: hĴps://doi.org/10.1590/S0100-204X2004000900001  

21. Pegorare, A.B.; FedaĴo, E.; Pereira, S.B.; Souza, L.C.F.; Fieĵ, C.R. Irrigação Suplementar no ciclo de milho 
“safrinha” sob plantio direto. Rev. Bras. Eng. Agric. Ambient., v. 13, n. 3, p. 262–271, 2009. DOI: 
hĴps://doi.org/10.1590/S1415-43662009000300007  

22. Bergamaschi, H.; Dalmago G.A.; Comiran, F.; Bergonci, J.I.; Müller, A.G.; França, S. Déficit Hídrico e 
Produtividade na Cultura do Milho. Pesqui. Agropecu. Bras., v. 41, n. 2, p. 243–249, 2006. DOI: 
hĴps://doi.org/10.1590/S0100-204X2006000200008  

23. Molin, J.P.; Castro, C.N. Establishing management zones using soil electrical conductivity and other soil 
properties by the fuzzy clustering technique. Sci. Agríc., v. 65, p. 567–573, 2008. DOI: 
hĴps://doi.org/10.1590/S0103-90162008000600001  

24. Peralta, N.R.; Costa, J.L.; Balzarini, M.; Angelini, H. Delineation of management zones with measurements 
of soil apparent electrical conductivity in the southeastern pampas. Can. J. Soil Sci., v. 93, n. 2, p. 205–218, 
2013. DOI: hĴps://doi.org/10.4141/cjss2012-022  

25. Keller, C. Condutividade elétrica aparente como ferramenta de espacialização com alta resolução de 
atributos do solo, 2019, 90f. Tese (Doutorado em Ciência do Solo) - Universidade Federal de Santa Maria, 
Santa Maria, 2019. 

26. Medeiros, W.N.; Valente, D.S.M.; Queiroz, D.M.d.; Pinto, F.d.A.d.C.; Assis, I.R.d. Condutividade elétrica 
aparente do solo em dois tipos de solo. Rev. Ciênc. Agron., v. 49, n. 1, p. 43–52, 2018. DOI: 
hĴps://doi.org/10.5935/1806-6690.20180005  

27. PoĴ, L.P.; Amado, T.J.C.; Gutheil, A.L.; Preuss, D. Relação da condutividade elétrica aparente do solo com 
a produtividade de grãos de milho. In LXII Reunião Técnica Anual da Pesquisa do Milho; XLV Reunião 
Técnica Anual da Pesquisa do Sorgo, Sertão, RS, Brasília, DF: Embrapa, p. 228–231. 2017. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 October 2024 doi:10.20944/preprints202410.0295.v1

https://doi.org/10.20944/preprints202410.0295.v1


 11 

 

28. Tisseyre, B.; Mcbratney, A.B. A technical opportunity index based on mathematical morphology for site-
specific management: an application to viticulture. Precis. Agric., v. 9, n. 1-2, p. 101–113, 2008. DOI: 
hĴps://doi.org/10.1007/s11119-008-9053-5  

29. Sangoi, L.; Zanin, C.G.; SchmiĴ, A.; Vieira, J. Senescência foliar e resposta de híbridos de milho liberados 
comercialmente para cultivo em diferentes épocas ao adensamento. Rev. bras. milho sorgo, v. 12, n. 1, p. 21–
32, 2013. hĴps://doi.org/10.18512/1980-6477/rbms.v12n1p21-32  

30. Marchão, R.L.; Brasil, E.M.; Ximenes, P.A. Interceptação da radiação fotossinteticamente ativa e rendimento 
de grãos do milho adensado. Rev. bras. milho sorgo, v. 5, p. 170–181, 2006. DOI: 
hĴp://dx.doi.org/10.18512/1980-6477/rbms.v5n2p170-181  

31. Sangoi, L.; Schweiĵer, C.; SchmiĴ, A.; Picoli Junior, G.J.; Vargas, V.P.; VieIRA, J. Perfilhamento e 
prolificidade como características estabilizadoras do rendimento de grãos do milho, em diferentes 
densidades. Rev. bras. milho sorgo, v. 9, n. 3, p. 254–265, 2010. 

32. Vilela, R.G.; Arf, O.; Kappes, C.; Kaneko, F.H.; GiĴi, D.d.C.; Ferreira, J.P. Desempenho agronômico de 
híbridos de milho, em função da aplicação foliar de fungicidas. Biosci. J., v. 28, n. 1, p. 25–33, 2012. 

33. Corassa, G.M.; Schwalbert, R.A.; Hörbe, T.A.N.; CiampiĴi, I.A.; Amado, T.J.C. Taxa variada de sementes: 
da variabilidade a oportunidade. Rev. Plantio Direto, n. 176, p. 21–27, 2020. 

34.  Hörbe, T.A.N.; Amado, T.J.C.; Ferreira, A.O.; Alba, P.J. Optimization of corn plant population according 
to management zones in Southern Brazil. Precis. Agric., v. 14, n. 4, p. 450–465, 2013. DOI: 
hĴps://doi.org/10.1007/s11119-013-9308-7  

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 October 2024 doi:10.20944/preprints202410.0295.v1

https://doi.org/10.20944/preprints202410.0295.v1

