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HIGHLIGHTS:
The carrot cultivar Natuna, irrigated by center pivot, exhibits higher yield than the regional average.
Soil physical attributes, such as particle density and total water availability, showed spatial dependence.
Total water availability was the most influential factor in estimating carrot yield spatial variability.

ABSTRACT: Understanding soil, plant attributes, and carrot crop dynamics is vital for optimizing site-specific
management practices and enhancing crop yield and soil quality. This study aimed to ascertain the dependence
and spatial variability between irrigated carrot yield and soil physical attributes in a clayey Oxisol. The research
took place during the 2021 growing season in a commercial carrot production area in Campos Altos, MG,
Brazil. One hundred sampling points were established within the irrigated area, distributed across a square
expanse of 40,000 m?, positioned at the centers of 20 x 20 m grids. The study revealed high yield in the irrigated
carrot crop (99.74 t ha') with moderate variability. Soil attributes displayed a range of heterogeneity, ranging
from low to extremely high, contingent on the variable assessed, as determined by the coefficient of variation.
Among the variables exhibiting spatial dependence, particle density exhibited a minimum range of 40 m, which
is reccommended for further studies on irrigated carrot cultivation in a clayey Oxisol. Total soil water availability
demonstrated a positive spatial correlation and proved to be the recommended variable for estimating the spatial
variability of carrot crop yield.
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RESUMO: Compreender o solo, os atributos das plantas e a dindmica das culturas de cenoura é vital para otimizar
praticas de manejo a sitio especifico e melhorar o rendimento das culturas e a qualidade do solo. Este estudo teve
como objetivo verificar a dependéncia e a variabilidade espacial entre a produtividade da cenoura irrigada e os
atributos fisicos do solo em um Latossolo Argiloso. A pesquisa ocorreu durante a safra 2021 em uma area comercial
de produgio de cenoura em Campos Altos, MG, Brasil. Foram estabelecidos cem pontos amostrais dentro da area
irrigada, distribuidos em uma 4rea quadrada de 40.000 m?, posicionados nos centros de grades de 20 x 20 m. O
estudo revelou alta produtividade na cultura da cenoura irrigada (99,74 t ha') com variabilidade moderada. Os
atributos do solo apresentaram uma gama de heterogeneidade, variando de baixa a extremamente alta, dependendo
da variavel avaliada, determinada pelo coeficiente de variagdo. Dentre as varidveis que apresentam dependéncia
espacial, a densidade de particulas apresentou alcance minimo de 40 m, o que é recomendado para futuros estudos
de cultivo de cenoura irrigada em Latossolo Argiloso. A disponibilidade total de 4gua no solo demonstrou correlagéo
espacial positiva e mostrou-se a varidvel recomendada para estimar a variabilidade espacial da produtividade da
cultura da cenoura.

Palavras-chave: Daucus carota L., agricultura de precisdo, dependéncia espacial
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INTRODUCTION

Carrot (Daucus carota L.) is a nutritionally valuable
vegetable widely cultivated in Brazil due to its popularity and
nutritional benefits. The Sdo Gotardo region in Minas Gerais
is a significant carrot producer (Que et al., 2019, Carvalho et
al., 2021). The growth, yield, and quality of carrot crops are
influenced by numerous factors, including climate, soil, variety,
and agronomic practices (Guimarées et al., 2018). Soil water
availability, nutrient levels, aeration, and infiltration rates
significantly affect carrot growth (D'Hooghe et al., 2018).
Factors like high soil density, the presence of stones, and
nutrient retention capacity can restrict root development,
leading to reduced yield and quality.

Numerous studies have explored carrot responses to
different management practices (Szelag-Sikora et al., 2019;
Montazar et al., 2021; Silva et al., 2021). These findings
highlight the importance of studying and characterizing the
spatial variability of soil physicochemical attributes to assess
their impact on crop responses to site-specific management
practices. Given the economic significance of carrot crops,
optimizing management through precision agriculture
techniques is essential (Wei et al., 2020). This optimization
can lead to increased yield while maintaining or enhancing
soil quality.

Geostatistical analysis provides a means to characterize
the spatial dependence and structure of soil physicochemical
attributes and carrot crop yield. This approach facilitates
the development of management strategies that maximize
resource utilization without compromising yield or product
quality. Hence, this study aimed to establish the dependence
and spatial variability between irrigated carrot yield and soil
physical attributes in a clayey Oxisol.

MATERIAL AND METHODS

The research was conducted in 2021 at Iamaguti Farm,
owned by Iamaguti Agronegdcios Ltda., located in Campos
Altos, Minas Gerais state, Brazil (19° 25’ 16.8” S and 46° 09’
23.2” W), at an average altitude of 1200 m (Figure 1). Carrot
cultivation employed a center pivot irrigation system, with an
irrigation depth of 2.99 mm per pivot turn and a theoretical
Christiansen uniformity coeflicient of 90%.

The region has a Cwa climate type (Koppen & Geiger,
1928), which is characterized by a humid temperate climate
with distinct seasons, dry winters, and hot summers. Rainfall
mainly occurs from October to March (Dezordi et al., 2015).
The prevalent soils in the area are clayey Oxisols (USDA, 2014).

Carrots were planted in July using conventional methods.
Beds of 2 m in width with five rows of plants per bed were
established. Soil preparation involved plowing, harrowing,
scarification, and mechanical bed formation. The Natuna
cultivar was used with a seeding density of 681,818 seeds
per hectare. No lime or organic matter was added to the soil.
Sampling points were established on November 16, 2021, in a
20 x 20 m grid pattern, totaling 100 points (Figure 2).

Undisturbed soil samples were collected from the 0.00-0.30
m depth layer on November 17, 2021, using Kopecky rings.
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Figure 1. Study area location

Figure 2. Sampling grid layout of the irrigated carrot field
studied using a center pivot system (Campos Altos, Minas
Gerais, Brazil)

Various soil properties were determined, including gravimetric
moisture content at field capacity (M, ), permanent wilting
point (M, ), soil bulk density (Sd), particle density (Pd), total
porosity (TP), and total soil water availability (TWA).

Field capacity refers to moisture retained in soil under
specific conditions, -10 kPa for sandy soils and -30 kPa
for clayey soils (Bernardo et al., 2019). Since the region’s
predominant soils are classified as considerably clayey Oxisols
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(USDA, 2014), is was applied tension of 30 kPa to determine
the gravimetric moisture content at field capacity. Similarly,
a tension of 1500 kPa was used to establish the gravimetric
moisture content at the permanent wilting point. The collected
samples were then dried in an oven at 105 °C until they reached
a constant weight, following the method described by Teixeira
etal. (2017). The moisture content was calculated using Eq. 1:

_ Mms - Mds
Mds

M (1)

where:

M - gravimetric moisture content (g g*) at field capacity
(M, ) and permanent wilting point (M, .);

Mms - mass of soil + water in samples (g) after being
subjected to the studied potential (30 kPa for M, and 1500
kPa for M_ . ); and

PWP
M, - mass of soil dried at 105 °C until constant weight (g).

Soil density (Sd) was determined following Teixeira et al.
(2017). Undisturbed samples were collected at each sampling
point using Kopecky rings with a volume of approximately
97.95 cm®. These samples were then dried in an oven at 105
°C until a constant weight was reached to obtain the dry soil
mass (Mds).

Particle density (Pd) was determined using the volumetric
flask method as described by Teixeira et al. (2017). In
this method, the volume of alcohol needed to fill a 50 mL
volumetric flask, containing soil previously dried in an oven
at 105 °C, was measured.

To calculate soil density (Sd), it was applied Eq. 2, and for
particle density (Pd), it was used Eq. 3. Finally, to calculate the
total soil porosity (TP) as a percentage, it was employed Eq. 4,
following Teixeira et al. (2017).

M S
Sy = Vd (2)
M
P =—2— (3)
VT _VU
TP =|1-=% |x100 (4)
P,

where:

S, - soil density (g cm™);

M, - soil mass in the sampling ring dried at 105 °C (g);

V - volume of the sampling ring (cm?);

P, - particle density (g cm™);

Ma - dry sample mass of about 20 g (g);

V.. - total volume of the flask (mL);

V., - volume used to fulfill the flask with the sample (mL);
and,

TP - total porosity (%).

Total water availability (TWA) in the soil represents the
amount of water stored in the soil between field capacity and

permanent wilting point. It is typically expressed in units of
mm cm™' (Bernardo et al., 2019). TWA is calculated using Eq. 5:

zwxsd
10

TWA (5)

where:
M, - gravimetric moisture content (g g") at field capacity;
M, - gravimetric moisture content (g g*) at permanent
wilting point; and,
Sd - soil density (g cm™).

Penetration resistance (PR) was measured in MPa at four
different depth layers: 0.00-0.10 m, 0.10-0.20 m, 0.20-0.30 m,
and 0.30-0.40 m. Additionally, the mean penetration resistance
(MPR) for the entire depth layer of 0.00-0.40 m was determined.
It was used a georeferenced electronic penetrometer (Falker
model PLG 2040) to measure soil penetration resistance, with
the penetrometer set to record readings at each centimeter of
depth while maintaining a constant penetration speed.

Soil moisture content was simultaneously determined
during sampling using the HydroFarm Falker electronic meter,
equipped with a 20 cm sensor recording moisture content
within a 30 cm diameter area.

An initial statistical analysis for the physical-hydraulic
properties of soil was conducted using Rbio software version
17. The analysis included calculating various descriptive
statistics such as mean, median, minimum, maximum values,
standard deviation, coefficient of variation, kurtosis, and
skewness. Additionally, a frequency distribution analysis was
performed to assess data distribution. The Shapiro-Wilk test
(1965) was employed at p < 0.05 to evaluate the hypothesis
of normality or log-normality and determine the type of
frequency distribution (Normal - NO, tending to normal - TN,
or indeterminate - IN).

Spatial variability and dependence were analyzed for
each variable using GS+ software. It was fitted simple and
cross variograms, providing input parameters for spatial
interpolation through kriging and cokriging techniques.
Variogram parameters considered included the nugget
effect (C)), sill (C)), and range (A) (Qin et al., 2020). It was
assessed the spatial dependence degree (SDD) using the
spatial dependence evaluator (SDE), as described in Eq. 6.
SDD values less than or equal to 25% indicated weak spatial
dependence, values between 25 and 75% indicated moderate
spatial dependence, and values greater than or equal to 75%
indicated strong spatial dependence (Rosa Filho et al., 2011).

SDD =SDE =[ G

o jxlOO (6)

1

To determine the most suitable semivariogram model for
the spatial data distribution, it was considered two key criteria:
the highest coefficient of determination (R2) and the highest
spatial dependence evaluator (SDE). It was conducted cross-
validation to validate the model that provided the best fit and
to ascertain the optimal kriging mesh neighborhood size.
Neighborhood size was represented by linear coeflicient (a)
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and angular coeflicient (b), with the most suitable fits having
linear coefficients close to or equal to 0 and angular coeflicients
close to 1 (Vieira et al., 2010).

Following the semivariogram fitting, it was employed
ordinary kriging for data interpolation. This allowed to
visualize spatial distribution patterns of soil physical-hydric
properties within the irrigated carrot crop area through maps.
Additionally, it was assessed the presence of joint spatial
dependence among variables using the cross semivariogram,
enabling the implementation of cokriging.

RESULTS AND DISCUSSION

Regarding soil physical-hydric variables, such as soil
density (Sd), total porosity (TP), volumetric moisture (VM),
moisture at field capacity (M, ), and total water availability
in the soil (TWA), they conformed to a normal distribution
(NO) with probabilities of 0.881, 0.730, 0.936, 0.339, and
0.267, respectively (Table 1). However, particle density (Pd),
penetration resistance (PR) at depths of 0.00-0.10 m and 0.30-
0.40 m, mean penetration resistance (PR1, PR4, and MPR,
respectively), and moisture at wilting point (MPWP) showed
a distribution tending to normal (TN) with probabilities of
0.026, 0.024, 0.014, 0.032, and 0.021, respectively. Penetration
resistance at depths of 0.10-0.20 m and 0.20-0.30 m (PR2 and
PR3, respectively) were classified as indeterminate (IN).

It is worth noting that Montanari et al. (2015) found a
normal distribution for TP and Pd, which differs from the
distribution observed in the present study for Pd. Leiva et al.
(2019) reported normal and lognormal frequency distributions
for penetration resistance in the 0-60 cm depth layers of
an Oxisol cultivated with sugarcane. This difference can be
attributed to the type of crop grown in the area. Additionally,
soil preparation and agricultural practices can influence the
behavior of this attribute, with such information not provided
by Leiva et al. (2019).

According to Souza et al. (2020), normality is not a
prerequisite for spatial dependency studies. Avoiding elongated
tails in distribution curves is essential, which can be observed

in the present study, as indicated by coefficients of asymmetry
close to zero.

Table 1 displays descriptive statistics for this study
attributes. According to Pimentel-Gomes & Garcia (2002), the
coefficient of variation can be categorized (CV) as follows: low
for CV < 10%, medium for 10% < CV < 20%, high for 20% <
CV < 30%, and very high for CV > 30%. Carrot cultivation, in
this context, exhibited a CV of 12.77%.

Concerning soil physical attributes, Sd, Pd, TP, VM, M,
and MPWP showed low heterogeneity with CVs below 10%.
PR at the 30-40 cm depth layer and mean PR (PR4 and MPR)
indicated moderate heterogeneity with CVs of 17.23 and
17.44%, respectively. However, the 10-20 cm depth layer (PR2)
and 30-40 cm depth layer (PR3) exhibited high heterogeneity
with CVs of 25.51 and 26.57%, respectively. The CV for PR in
the 0-10 cm depth layer was very high at 33.12%.

Montanari et al. (2015) found low to medium CV ranges
for TP in a different soil class, suggesting little spatial variation.
On the other hand, Pinto et al. (2019) noted that Pd remains
stable in soil, depending on organic and mineral fractions. They
also found homogeneity in Sd when no impediment layers or
clay accumulation were present. This aligns with these results,
showing CVs of 4.36% for Pd and 3.06% for Sd, indicating
homogeneity in these attributes.

Low to medium CV values for M, VM, and total water
availability (TWA) correlate with the homogeneity in soil
density and total porosity, which are linked to soil water storage
capacity (Bernardo et al., 2019; Feng et al.,, 2023). In terms of
penetration resistance, low average values (0.10, 0.31, 0.69, and
1.54 MPa for PR1, PR2, PR3, and PR4, respectively) suggest no
impediment layer at the evaluated depth, potentially affecting
water storage and crop root development (D'Hooghe et al.,
2018). CVs for PR in the 0-40 cm depth layers align with the
findings of Feitosa et al. (2019) in a clayey Oxisol. They reported
higher heterogeneity in the 0-10 cm depth layer with a CV of
26.98%, while Souza et al. (2020) found CVs ranging from
23.29 to 33.74% in the 0-40 cm depth layers, with the highest
variation in the 0-10 cm depth layer.

In summary, the soil’s physical properties show a range of
heterogeneity from low to high within the study area. Limited

Table 1. Descriptive statistics for carrot yield, plant attributes, and physical soil properties

*Y - Carrot yield (t ha); Soil physical properties: Sd - Soil density (g cm?); Pd _Particle density (g cm™); TP - Total porosity (%); PR1, PR2, PR3, PR4, MPR - Penetration resistance
at depths of 0.00-0.10 m, 0.10-0.20 m, 0.20-0.30 m, and 0.30-0.40 m, and mean penetration resistance (MPa), respectively; VM - Volumetric moisture (%); M, - Moisture content at

field capacity (g g"); M, -
NO - normal; TN - Tending to normal; IN - Indeterminate

Rev. Bras. Eng. Agric. Ambiental, v.28, n.5, €275518, 2024.

Moisture content at permanent wilting point (g g'); TWA - Total water availability in the soil (mm cm soil); * Shapiro-Wilk test; ¢ Frequency distribution;
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variation in plant attributes and crop yield can be attributed
to the fact that, despite area variability, soil’s physical and
hydric attributes fell within ranges that did not restrict root
development. However, assessing spatial variability in both
plant and soil attributes remains vital to identify potential
issues and improve crop development. It also enables site-
specific management using precision agriculture techniques.

Table 2 and Figure 3 present simple semivariogram
parameters for carrot yield and soil physical attributes. The
geostatistical analysis revealed a pure nugget effect for soil TP,
PR1, and Sd. On the other hand, PR3, PR4, VM, M,, and MPWP
showed a trend, indicating no leveling-oft of the variogram sill.

The average carrot yield reached 99.74 t ha’!, surpassing
the reported averages for irrigated carrots in the Sdo Gotardo
region as documented by Carvalho et al. (2021). This difference
may be attributed to factors such as the specific carrot cultivar
used, soil physical and chemical attributes, or the farming
practices employed by the producer.

In geostatistics, the semivariogram range is a crucial parameter
that indicates the maximum distance at which spatial correlation
or dependence exists. Beyond the range, the variable’s spatial
behavior is considered entirely random (Behera et al., 2018).
Concerning soil physical attributes, it was observed a range as
small as 40.0 m for Pd, while the largest range was 180.0 m for
TWA. These findings suggest that the recommended sampling
interval should vary based on the specific attribute under study.
However, for future sampling designs related to soil physical-
hydric attributes in irrigated carrot cultivation in the Campos
Altos region, it is advisable to keep the sampling intervals generally
below the values obtained in this study, with a maximum of 40 m.

Among the various semivariogram models considered, the
exponential model provided the best fit for attributes Y, PR2,
and VM, with R? values of 0.63, 0.90, and 0.63, respectively. For
the attribute MPR, the spherical model was the best fit, with a
R?value of 0.97. Both Pd and TWA exhibited a Gaussian model
fit, with R? values of 0.74 and 0.83, respectively.

Table 2. Parameters of simple semivariograms fitted to data on carrot yield and soil physical properties

WY - Carrot yield (t ha''); Soil physical properties: Sd - Soil density (g cm); Pd - Particle density (g cm™); TP - Total porosity (%); PR1, PR2, MPR - Penetration resistance at depths
of 0.00-0.10 m, 0.10-0.20 m, and mean penetration resistance, respectively (MPa); VM - Volumetric moisture (%); TWA - Total water availability in the soil (mm cm soil); ®EXP
- Exponential; PNE - Pure nugget effect model; SPH - Spherical model; GAU - Gaussian model; r? -Coefficient of determination; PSSR - Sum of square residues; ’SDE - Spatial
dependence evaluator; Pa - Linear coefficient, b - Angular coefficient, r - Correlation coefficient

A. B.

C.

Figure 3. Semivariograms fitted to carrot yield (A), particle density (B), penetration resistance (C) at 10-20 cm depth layer,
mean penetration resistance (D), volumetric moisture (E), and total water availability in the soil (F)

Rev. Bras. Eng. Agric. Ambiental, v.28, n.5, €275518, 2024.
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Spatial dependence, as classified by Cambardella et al.
(1994), can be described as weak, moderate, or strong based
on SDE (spatial dependence estimate) values < 25%, 25 to 75%,
and >75%, respectively. In these data, strong spatial dependence
was observed for Y, while moderate spatial dependence was
indicated for Pd, PR2, and MPR. It is essential to note that the
variables analyzed exhibited variations not only in their range
values but also in the degree of spatial dependence.

Geostatistics has primarily been used for estimating and
mapping properties in unsampled locations when studying

A.

Gloria M. R. Plazas et al.

soil physical attributes (Najafian et al., 2012). To visualize the
spatial variability of different attributes in the area, Figures 4A
to F present distribution maps generated through ordinary
kriging after fitting the semivariograms.

Figure 4A illustrates the yield map that was obtained,
indicating that the northern region of the field yielded the
highest results. A sizable portion of the area also demonstrated
average yield, surpassing the regional average reported
by Carvalho et al. (2021) of 70 t ha''. This suggests that
management practices such as fertilization, irrigation, and

B.

Figure 4. Simple kriging maps: A. carrot yield (t ha'), B. particle density (g cm™), C. penetration resistance at the 10-20 cm
depth layer (MPa), D. mean penetration resistance (MPa), E. volumetric moisture (%), E total water availability in the soil

(mm cm! soil)

Rev. Bras. Eng. Agric. Ambiental, v.28, n.5, €275518, 2024.
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soil tillage were well-suited to meet the crop’s requirements.
Consequently, the analysis of yield maps alongside other data,
including plant phenological indices and soil physical-hydric
attributes, proves invaluable for targeted sampling and the
delineation of management zones. Moreover, this information
plays a crucial role in identifying potential issues during crop
management, enabling producers to address them in future
plantings (Oliveira et al., 2020).

Mechanical resistance poses the primary physical limitation
to root growth. Severe compaction in the initial soil layers can
lead to deformed roots and an increased number of conical roots,
resulting in a potential yield reduction of approximately 20%.
Root elongation can be significantly hindered when penetration
resistance values approach 2 MPa, and total porosity falls below
50% ( Hodge et al., 2009; Johansen et al., 2015). Figure 5 reveals
a correlation pattern in the southern region, where larger root
diameters coincide with lower average penetration resistance,
ranging from 0.00 to 40.00 cm, with a variation of 0.540 to
0.820 MPa. It is important to note that the observed levels of
compaction were below the maximum limits recommended
for carrot crops. Therefore, while penetration resistance may
have influenced crop yield, it did not pose a severe restriction.

The total water availability in the soil (TWA) ranged from
0.560 to 0.740 mm cm™, with the majority falling within the
0.560 to 0.620 mm cm™ range. This limited heterogeneity in
TWA can be attributed to the low variations in the parameters
determining soil TWA, namely field capacity (M, ), permanent
wilting point (M, ), and soil density (Sd), which exhibited
coefficient of variation values of 3.00, 1.46, and 3.06%,
respectively. Particle density (Pd) values ranged from 2.77 to
2.88 g cm?, consistent with findings by Pinto et al. (2019) in
a study on the physical properties of Oxisol under different
management practices. According to the authors, particle
density is a highly stable soil property, primarily influenced
by the composition of solid particles, particularly the relative
proportions of organic and mineral fractions, which explains
the low variation observed in this attribute within the study
area.

Bernardo et al. (2019) reported that TWA values in clayey
textured soils typically fall within the range of 2.0 to 2.5 mm
cm* soil. However, these authors mentioned that some well-
structured fine-textured soils can exhibit characteristics akin
to medium-coarse-textured soils, resulting in considerably
lower TWA values. In this study, soil samples for physical
analysis were collected from the bed at the 0-20 cm depth
layer, where low penetration resistance and well-structured
soil were observed due to prior bed preparation. These specific
conditions may account for the low values found for soil density
(Sd), with an average of 0.86 g cm™, and TWA, with an average
0f 0.61 mm cm™ soil.

In terms of co-kriging (as presented in Table 3 and Figure
5), it was observed a significant positive spatial correlation

Figure 5. Cokriging Map of the carrot yield as a function of
total water availability

between carrot yields and total water availability in the soil,
with a spatial dependence ratio of 90.6.

The coeflicient of determination (R?) value for Y = f(TWA)
was determined to be 0.85. These findings suggest that, within
the study conditions, spatial estimation of carrot yield can
be achieved with a probability exceeding 80% by employing
kriging based on the soil physical attribute TWA.

In this study, the sampling point spacing was set at 20 m.
Notably, some soil physical attributes, such as soil density, total
porosity, and penetration resistance in the 0-10 cm depth layer,
did not exhibit spatial dependence. Therefore, it is advisable to
conduct further testing to determine if, at shorter distances,
these variables still exhibit random behavior in irrigated
carrot crops grown in clayey Oxisols. Additionally, it would be
beneficial to assess spatial dependence and variability at two
different depths, as this current study only evaluated depths
ranging from 0 to 30 cm, except penetration resistance, which
was evaluated at four different depths. This expanded analysis
would provide a more comprehensive understanding of the
spatial behavior of these variables.

CONCLUSIONS

1. Carrots demonstrated high yield (99.74 t ha') with
moderate variability, while soil attributes exhibited low to
remarkably high heterogeneity, depending on the specific
variable, as indicated by the coefficient of variation.

2. Among the dependent variables, particle density had
the smallest range (40 m), suggesting that for future sampling
designs in a clayey Oxisol, the recommended sampling interval
should not be less than this value.

3. Several soil physical attributes, including particle density,
penetration resistance at the 10-20 cm depth layer, mean
penetration resistance, volumetric moisture, and total water

Table 3. Parameters of the cross-semivariograms fitted to carrot yield as a function of total water availability

MY - Carrot yield (t ha''); TWA - Total water availability in the soil (mm cmsoil); ® SPH - Spherical model; R? - Coefficient of determination; ® SSR - Sum of square residues;

@ SDE - Spatial dependence evaluator

Rev. Bras. Eng. Agric. Ambiental, v.28, n.5, €275518, 2024.
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availability in the soil, exhibited spatial dependence ranging
from moderate to strong.

4. Notably, among the assessed attributes, total water
availability in the soil emerged as the most reliable indicator
for estimating the spatial variability of irrigated carrot yield
when employing center pivot irrigation in the municipality
of Campos Altos.
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