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Abstract: To better understand the potential of soils, understanding how soil properties vary over time
and in-field is essential to optimize the cultivation and site-specific technologies in crop production.
This article aimed at determining the within-field mapping of soil chemical and physical properties,
vegetation index, and yield of maize in 2002, 2006, 2010, 2013, and 2017, respectively. The objectives
of this five-year field study were: (i) to assess the spatial and temporal variability of attributes related
to the maize yield; and (ii) to analyse the temporal stability of management zones. The experiment
was carried out in a 15.3 ha research field in Hungary. The soil measurements included sand, silt, clay
content (%), pH, phosphorous (P2O5), potassium (K2O), and zinc (Zn) in the topsoil (30 cm). The
apparent soil electrical conductivity was measured in two layers (0–30 cm and 30–90 cm, mS/m) in
2010, in 2013, and in 2017. The soil properties and maize yields were evaluated in 62 management
zones, covering the whole research area. The properties were characterized as the spatial-temporal
variability of these parameters and crop yields. Classic statistics and geostatistics were used to
analyze the results. The maize yields were significantly positively correlated (r = 0.62–0.73) with
the apparent electrical conductivity (Veris_N3, Veris_N4) in 2013 and 2017, and with clay content
(r = 0.56–0.81) in 2002, 2013, and 2017.

Keywords: soil chemical and physical properties; spatial and temporal variability; maize yield maps;
management zones; precision agriculture

1. Introduction

For precise determination of the best soil management practices and amendments to
increase crop quantity and quality while being environmentally sustainable, it is neces-
sary to understand the spatial and temporal variability in soil properties and yield [1–3].
Varying field conditions are a major source of uncertainty in precision site-specific crop
production [4]. It is essential to know whether the spatial distribution of crop parameters is
stable over time before applying site-specific management [5].

A significant amount of spatial variability and a significant amount of time variability
was observed for the maize yield within field [6], and among years, there was marked
variability in total growing season precipitation, which likely led to the variability in
grain yields. Variability occurs on different scales in both spatial and temporal domains.
The level of climate variable can be relatively homogeneous within a cultivation site [7],
while physical and chemical characteristics of soil can change on a submeter-scale [8].
Plant growth is affected by the environmental factors that surround the plant. Maize is
highly sensitive to environmental conditions, especially to abiotic factors such as rainfall,
available soil moisture, air and soil temperature, soil type, etc. [9]. The variability of the
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physical, chemical, and biological properties of the soil is the major factor for the diversity
in crop production [10]. The grain yield maps, NDVI, and soil properties presented do not
support the notion that the variables are spatially associated [11]. Soil properties that were
significantly different between management zones ultimately affected the available water
and, therefore, the nutrient uptake within each zone. In general, the trends observed for the
soil properties followed the productivity potential of the management zones [12]. Spatial
and temporal variability of crop performance must be managed by crop management
over time and space [13]. The most relevant factors influencing crop growth, in a dry
environment such as the study site, are mainly the soil physical properties which control
water-holding capacity, such as texture, bulk density, and organic matter [13]. The extent of
change in the physical properties of agricultural soils during a growing season is strongly
affected by soil management [14]. The amount of water influences and generates more
frequently extreme effects in different forms, according to soil texture and the root system
of cereals [15]. In individual years, maize yield varied according to the soil water content.
Soane [16] found a positive maize response to compaction during the dry years and
a negative response in the wetter seasons. In the case of silt loam soils, maize yield
reductions were observed in wet years (because of poor drainage), based on a standard
meteorology year, but in dry years, yield was increased [17]. Franke et al. [18] found
4.9 and 4.4 t/ha maize yield, with an average 4.65 t/ha, in loam soil with 25% clay content
(2002 and 2003: rainy years), while the dry season in 2004 produced 3.9 t/ha maize yield. In
contrast to this, a fertilizer response was absent. High spatial Zn variability with moderate
spatial dependence was shown by Shukla et al. [19]. The major objective of this study
was therefore to determine the spatial soil variability within field of selected physical and
chemical properties including the content of textural fractions, pH, phosphorous (P2O5),
potassium (K2O), and zinc (Zn) in the topsoil (30 cm), electrical conductivity in two layers,
and Normalized Difference Vegetation Index (NDVI) in a long-term experiment. The
specific objectives were to (i) identify soil properties that control maize yields in different
weather conditions during a growing season, and (ii) mapping soil variables and crop
yields across the field using management zones. For this purpose, the spatial variability of
crop production of maize and soil parameters were evaluated and the correlation between
these was analyzed.

2. Materials and Methods
2.1. Study Area

The experimental field (Figure 1) is situated in Mosonmagyaróvár, Hungary [47◦54′20.00” N,
17◦15′10.00” E] belonging to Széchenyi István University. The research field size is 15.3 ha,
including 62 management zones. The soil texture of the agricultural field is an alluvial plain of
the Leitha River with Fluvisoil [20], which, according to the USDA [21], indicate the soil types of
loam, silty loam, and sandy loam (Figure 2), on which precision agriculture technologies have
been utilized since 2001. More than 60% of these soil types are used in this area (region). The crop
field has a little slope with an elevation range of 133–138 m. Crop rotation includes mostly cereals:
winter wheat, spring barley, maize, and soybean. After harvesting cereals, the conventional tillage
system consists of stubble tillage (~15 cm), followed by mouldboard ploughing (~20 cm), disking,
and tooth harrowing to prepare the seedbeds for winter crops. In the fall, spring cereals are
ploughed, and tillage systems are prepared [22].

2.2. Soil Sampling, Site-Specific Measurements and Remotely Sensed Crop Data

Soil samples were collected before maize sowing from each management zone to be
subjected to standard methods of laboratory analysis. Clay, silt, sand content (%), pH,
phosphorous (P2O5), potassium (K2O), and zinc (Zn) content were measured. Twenty
to twenty-five soil measurements were taken across the management units in the top-
soil (upper 30 cm). Assuming that all 15.3 ha of the experimental field is managed by
62 zones, one measurement point corresponds to a management unit of ~2500 m2. From
2011, an AgLeader InCommandTM 1200 (AgLeader Technology Inc., Ames, IA, USA) yield
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mapping system was used, which was mounted on a CLAAS Medion 340 grain harvester.
A Veris Soil EC-3100 instrument (Salina, KS, USA) was used to measure soil electrical
conductivity (ECa) in 2010, 2013, and 2017. The soil electrical conductivity (ECa) was
measured in shallow soil (less than 0.3 m below ground level) and deep soil (between
0.3–0.9 m below ground level). A self-developed system [23] was used to measure soil
draft on the go. Site-specific penetrometer measurements were performed using a 3T
system penetrometer [24]. The yield, electrical conductivity, and soil draft of each man-
agement zone were averaged. Site-specific measurements were conducted before maize
vegetation seasons.
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In order to estimate crop characteristics, several parameters were determined. NDVI
values were evaluated from satellite data by Landsat on 26 July 2006; 5 July 2010;
29 July 2013, and 9 August 2017. The remotely sensed images were collected under
high quality (maximum cloud coverage was under 5%) atmospheric conditions during the
maize flowering period.
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2.3. Weather, Meteorological Data

The sum of precipitation, average temperature, average relative precipitation, evapo-
transpiration, and aridity index (evapotranspiration/precipitation) were collected and
analysed for the years 2002, 2006, 2010, 2013, and 2017 in the study site from April
to October during the vegetation season of the maize plant. There was a distance of
1.78 km between the observed field and the university’s weather station. Table 1 illustrates
the major meteorological parameters in growing seasons. The growing season of 2002
(April–October) was very dry with 358 mm of rain. The year of 2010 was extremely wet,
but rainfall was lower than average in 2017.

Table 1. Summarized meteorological parameters in the examined years.

2002 2006 2010 2013 2017

Sum. precipitation during
vegetation period (IV-X) 353.8 405.4 597.9 398.4 332.7

evapotranspiration (mm) 911 881 690 845 951
aridity index 2.6 2.2 1.2 2.1 2.9

precipitation in May (mm) 25.9 90 150.3 125.9 26.7
precipitation in June (mm) 40.2 59.1 100 42.2 40

2.4. Dataset Definition and Statistical Analysis

The dataset was compiled from data from the abovementioned sources. The database
table consisted of 310 (n = 62 × 5) rows for each treatment unit and year, and also
48 columns for each parameter and maize yield. In summary, four types of parameters
were used: (i) analysis of soil parameters over the five years: pH, P2O5, K2O, and Zn;
measured in three years: ECa in two layers, Veris N3, and N4; measured in one year:
Cone Index (MPa), pH (water), draught force (kN), (ii) crop parameters (NDVI, measured
in four years), (iii) non-changing soil variables (clay content (%), relative elevation (m)
evaluated in one year (2010) but used in all years). (iv) Of the 35 meteorological features
observed, the following five values were measured in each month from April to October
during the growing season of maize: sum of precipitation, average temperature, average
relative precipitation, vaporization, evapotranspiration, and aridity index [22].

The variables of soil, vegetation indexes, and maize yield were analysed using a
geostatistical analysis assuming that each variable had a spatial structure. We analysed
the soil properties, the vegetation index, and crop yields using basic statistical param-
eters, namely, mean, standard deviation, coefficient of variation (CV), maximum, and
minimum values.

3. Results and Discussion
3.1. Basic Statistics-Spatial Variability of Maize Yields, Soil Properties, Electrical Conductivity,
and Vegetation Indices

Descriptive statistics for the soil physical and chemical properties (including electrical
conductivity, cone index, and draught force) and crop variables of the cultivated field are
given in Table 2. The maize yield ranged between 2.46 and 15.05 tonnes per hectare, with
an average of 9.39 t/ha. The high variability with the same crop management under similar
weather conditions in field, suggest that the variability of maize yields can be explained by
other factors, including the soil properties of management zones. Variability in maize yield
(CVs < 17%) was smaller than variability in important soil properties. Table 2 shows that
several variables showed a high level of variability with coefficients of variation above 30%.
Coefficients of variation indicate that the largest variations were found in the case of the
K2O (mg/kg), Veris (N3), and NDVI. Moreover, K2O content (22.6 to 518 mg/kg) and P2O5
content (123 to 415 mg/kg) values showed remarkable variations among the treatment
units in the field. The variation coefficients of clay content and draught force were almost
the same (23%). The mean content of electrical conductivity (Veris) in the topsoil (N3) was
slightly lower (13.37 mS/m) than in the subsoil (N4), 17.06 mS/m. The pattern of variability
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of Veris N3 and N4 was the same because the rise of values depends only on the water
content of soil and the rainfall, as well. This was the case during the five sampling periods.

Table 2. Descriptive statistics for the soil properties, on-line measurements, and crop parameters in
examined years. Min, minimum; Max, maximum; Mean, mean (average); SD, standard deviation;
CV coefficient of variation (the ratio of the standard deviation to the mean).

Mean (STD)
Min-Max

CV
Variable 2002 2006 2010 2013 2017

Maize_yield_t/ha 6.12 (1.62) 11.48 (0.41) 9.89 (0.86) 11.52 (1.91) 7.79 (2.41)
2.46–9.43 10.44–12.36 7.63–11.97 7.33–15.05 3.11–13.18

0.27 0.04 0.09 0.17 0.31
pH_H2O 7.76 (0.05) - - - -

7.62–7.93 - - - -
0.01 - - - -

pH_KCl 7.3 (0.07) 7.33 (0.1) 7.36 (0.09) 7.53 (0.17) 7.46 (0.09)
7.15–7.42 7.11–7.51 7.09–7.52 7.23–7.83 7.24–7.62

0.01 0.01 0.01 0.02 0.01
P2O5_mg/kg 271.16 (67.56) 244.05 (42.86) 265.14 (46.83) 214.43 (39.15) 193.65 (36.8)

123–388 181–415 180–376 151–347 131–308
0.25 0.18 0.18 0.18 0.19

K2O_mg/kg 90.83 (15.91) 79.03 (13.66) 194.21 (41.46) 318.89 (53.08) 77.72 (21.83)
65–162 58–135 121–317 226–518 22.6–158

0.18 0.17 0.21 0.17 0.28
Zn_mg/kg 3.61 (0.43) 3.06 (0.37) 2.24 (0.41) 3 (0.51) 2.67 (0.51)

2.7–4.7 2.2–4 1.21–3.14 2.17–4.43 1.58–3.88
0.12 0.12 0.18 0.17 0.19

Clay_content_% 13.25 (3.14) 13.25 (3.14) 13.25 (3.14) 13.25 (3.14) 13.25 (3.14)
7.9–21 7.9–21 7.9–21 7.9–21 7.9–21

0.24 0.24 0.24 0.24 0.24
Draught_force_kN 3.17 (0.86) - - - -

1.52–6.12 - - - -
0.27 - - - -

Relative
elevation_m 122.72 (0.35) 122.72 (0.35) 122.72 (0.35) 122.72 (0.35) 122.72 (0.35)

121.96–123.6 121.96–123.6 121.96–123.6 121.96–123.6 121.96–123.6
0 0 0 0 0

NDVI - 0.66 (0.03) 0.29 (0.05) 0.47 (0.02) 0.4 (0.02)
- 0.57–0.69 0.2–0.42 0.4–0.49 0.37–0.45
- 0.04 0.16 0.05 0.05

Veris_N3 - - 18 (4.84) 8.18 (1.51) 13.58 (7.18)
- - 9.68–30.55 5.51–10.96 5.5–39.12
- - 0.27 0.18 0.53

Veris_N3 - - 17.57 (5.1) 11.76 (2.74) 21.54 (7.67)
- - 8.89–30.94 6.94–18.47 8.33–37.83
- - 0.29 0.23 0.36

Cone_Index_Mpa - - - 44.68 (7.61) -
- - - 22.47–58.74 -
- - - 0.17 -

3.2. Spatial Distribution of Maize Yields and Site-Specific Variables

The spatial distribution of soil and crop parameters are presented in Figure 3. The
spatial structure of K2O (mg/kg), P2O (mg/kg) was nearly the same during both years,
similarly, Veris_N3 and Veris_N4 were nearly the same during each year, as well as spa-
tial distribution. Various external factors influenced the variability of these properties,
including irrigation and site-specific fertilization, but the field was rainfed, and there were
homogenous chemical fertilizer applications. The difference in chemical parameters, such
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as Zn (mg/kg) content, during the years indicated spatial as well as temporal variability.
Due to different management practises, such as microelement fertilizer adopted for differ-
ent crops, the divergent nutrient uptake by different crops was expected. In comparison
to the other micronutrients, Zn variability in soil is largely determined by the different
sources of variation [25]. Based on the maps of soil pH (KCl), pH ranged from 7.09 to 7.83,
indicating that most soils in the management zones were neutral during the experiments.
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Figure 3. Spatial distribution of the variables in the field with management zones.

Spatial distribution of Veris N3, Veris N4, and clay content that mostly correlated
with the crop yield, show general similarity in the distributions with maize yields. In
the middle part of the field, the relatively low yields were accompanied by relatively low
content of clay content, Veris N3, and N4 values. This part of the field is sandy loam (with
higher sand and silt content). On the contrary, high Zn and pH content were found in these
management zones in most cases. It appears that within a given field, there can be spatial
differences in several soil parameters and maize yields [26].

3.3. Relationship of All Variables and Maize Yields

Correlation analysis was performed to determine the degree to which spatial variability
in maize yields can be explained by the site-specific parameters, see Figures 4 and 5. The
detailed histograms can be found in Appendix A Figure A1. We found that Zn, pH (KCl),
pH (H2O), and P2O5 parameters had normal distributions for all years in the study. There
are several significant correlations (p value < 0.01) which we are discussing in detail.
There was significant positive correlation between maize yield and potassium content
(0.41). Potassium absorption in the maize vegetative stage occurs at the beginning of floral
differentiation. The normalized difference vegetation index showed the stage and vigour
of the crops, so that its extent (0.45) influenced the maize yield potential. When analysing
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the relative elevation (m), which was correlated with the clay content (−0.51), the field
elevation did not influence the yields in this experiment.
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Figure 5. Pearson correlations (r) of maize yield in the examined years.

A low negative correlation was obtained between Veris_N3 (−0.39), Veris_N4 (−0.32),
and pH in the studied years, but Veris was strongly negatively correlated with chemical soil
parameters such as Zn content (−0.51–0.59) and potassium (−0.33–0.53). Zn content had
a significant effect on maize yields [27]. In the examined five years, precipitation in May
was identified as the most important influencing factor for maize yields in this field [22].
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The pH of the soil, the clay content, the electrical conductivity of the upper layer, and the
normalized difference vegetation index ranked among the top five factors.

Parameters were examined in each year separately (Figure 5). In 2001 and 2015,
the yield was significantly and positively correlated with the soil electrical conductivity
(Veris N3, N4) in the upper and lower layers (0.62–0.73), too. A positive relationship was
observed between maize yields and NDVI (from 0.28–0.84) in each year. The soil clay
content, which was strongly correlated with Veris N3 and N4 (Figure 4), in 2002, 2013, and
2017 showed positive correlation with maize yields, but in 2010, there was no significant
relation. However, the physical texture did not change within the years; this anomaly can
be interpreted by soil moisture content (more precipitation in vegetation season) resulting
in the mechanical behaviour of soil. Understanding seed germination variability in spring
and its impact on crop yield may be important. Water content in the soil influenced the
spatial patterns of thermal properties (clay content) in a field, which in turn influenced
tillage and water management [28]. Irrespective of the study year, the relative elevation of
the field was negatively correlated with the maize yields. Among soil properties, the soil
potassium content showed very weak and mostly negative correlation with cereal yields,
while relations between phosphorus and yield changed year by year. Soil properties in
site-specific management can affect the nutrient uptake and productivity potential of the
management zones [12]. The variables of soil physical structure, such as draught force and
cone index, showed opposite results. In 2013, between the cone index and maize yield
we diagnosed a strong positive correlation, but in 2002, between the draught force and
yield, we detected a negative relation. The abovementioned results [15,16,18] discuss the
change of maize yields and soil resistance resulting in soil textures and soil water content
in different seasons.

Figure 6 presents the distribution of maize yields in management zones over five years.
In different years, low yield values appeared near the middle of the field according to the
maps. In this part, clay levels were lower than in other treatment units. The positive and
significant correlations in the cereal yields and similar spatial distribution of the crop yields
were discussed [29]. Maize yield was influenced by site properties, tillage, and nitrogen
treatments [9]. This paper highlighted the rainfall amounts in the critical period (May). May
precipitation was identified as the most important influencing factor; hence, comparing the
different meteorological parameters during the different vegetation seasons may be useful.
A previous study [14] also revealed that the observed changes in spatial yield pattern over
the years demonstrated the substantial influence of meteorological patterns, especially
under rainfed and irrigation system [30] conditions. It is important to focus on multi-field
and multi-year comparisons of time-specific and static management zones and their impact
on crop yields [31].
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4. Conclusions

This study provides evidence of how maize yields are correlated and spatial–temporally
dependent on selected soil physical and chemical properties. The article focused on the
spatial patterns of the soil and crop variables and yields in the context of precision crop
production management. The maize yields presented spatial and temporal variability
within the field. This was explained by the spatial distribution of potassium content, elec-
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trical conductivity values, and clay content that influence soil fertility and are essential
to the development, growth, and productivity of field crops. In general, the correlation
coefficients also showed soil textural properties (clay content) and apparent soil electrical
conductivity were highly correlated to the maize yields during the five years. The dis-
tribution maps with management zones showed positional similarities with each other.
Therefore, these maps can be used for irrigation and fertilizer application management,
too. The highest positive and significant correlations with maize yields in our study were
obtained for vegetation index (0.84) and soil electrical conductivity (0.73) in 2017. Overall,
the temporal–spatial results showed that the distribution maps and statistical analysis are
one of the tools to determine interactions between soil, crop, and meteorological variables
of crop yields within fields, in management zones. Moreover, it may improve productivity
on sub-field (treatment units) with low soil quality and fertility.

The mentioned results are related to the fact that crop (maize) yields under field
conditions and within field, in Hungary, are a result of both negative and positive effects of
soil chemical and physical factors and weather conditions that cause different spatial and
temporal distribution patterns of variables and crop yields. The above results highlight
the potential for site-specific precision crop management to obtain more productive and
sustainable crop production and show clearer agronomy interactions.
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