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Abstract. The potential for significant variability in potato (Solanum tuberosum L.) yield and quality
caused by soil properties can be employed as a foundation for site-specific soil management. The current
work investigated the relationship of soil properties, including the texture, moisture, and nitrate-nitrogen,
with the variability of potato yield and quality on 28 ha center-pivot irrigated fields located in northwest
China, where the soil was improved in 2014 by mixing Aeolian sandy soil with feldspathic sandstone.
Geostatistic and correlation analyses were utilized to extract the relationships among soil properties and
potato tuber properties. K-means clustering methods were utilized to establish critical sample points and
soil factors for spatial variability of potato yield and quality. The spatial dependence of the potato tuber
yield and quality varied from weak to strong, and most had unstable spatial structure considering the soil
temporal variability, except reducing sugar content. More than 66% of the correlation coefficients between
soil sand content and tuber variables were significant. The evaluation of the K-means clustering algorithms'
effectiveness showed that ©v- All, PC-All, and texture had superior prediction results for tuber yield, dry
matter content, and starch, respectively. N-All and soil texture datasets exhibited the best performance for
reducing sugar content. Unsatisfactory prediction results were obtained for protein and VC. The results can
be utilized to realize different objectives for in-field site-specific potato management.

Keywords: soil texture, potato quality, sand-fine mixture, geostatistics, K-means clustering

Introduction

Potatoes (Solanum tuberosum L.) are considered to be the fourth most abundant food
crop in China, after rice, maize, and wheat. A total of 5,815,140 ha of farmland, mostly
located in the arid northwestern region of China, were used in 2016 to cultivate potatoes
with an average yield of 17.04 t ha’. Potato yield and quality can change considerably
within a particular field. The spatial variation of yield and quality leads to the waste of
soil and water resources. Evaluating the degree and driving factors of spatial variability
within-field is an important consideration to achieve site-specific management.

Potato yield temporal and spatial variability has been widely verified in the literature.
Soil moisture content has been proven to be similar to the spatial distribution of crop yield
or quality in many studies (Warrick et al., 1983; Wesenbeeck et al., 1988; Rockstrom et
al., 1999; Irmak et al., 2002). Topography, soil texture, soil depth, soil organic matter,
electricity conductivity and nutrients were also reported to be related to the spatial
variation of potato yield (Redulla et al., 2002; Starr, 2005; Cambouris et al., 2006; Po et
al., 2010; Perron et al., 2018).

According to previous reports, the coefficient of variation (CV) of potato yield ranged
from 0.24 to 0.32 and the variability of potato yield was classified as moderate
(Cambouris et al., 2006; Taylor et al., 2018). Geostatistical analysis was widely used in
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the spatial variation of potato yield. Cambouris et al. (2006) adopted that the model of the
semi-variogram of potato yield was always exponential, and the proportion of the
structured variance compared to all the variance was moderate and almost constant. It
showed that the variation in yield attributable to spatial variability in physico-chemical
properties within the field was higher than that induced by seasonal climatic variability.
Similar results has reported in previous study (Perron et al., 2018). The spherical model
was also used to fit the semivariograms of yield (Taylor et al., 2018). Rosenzweig et al.
(2016) demonstrated that the stable model was more suitable for potato yield in the
interpolation process and the proportion of the structured variance compared to all the
variance was 100%. Potatoes are usually processed into French fries, starch, whole
powder. Starch, reducing sugar, protein, VC and dry matter content are very important
for potato industry. Although understanding the spatial variability of potato quality is
important, it is rarely mentioned.

Identifying and understanding the spatial variation of potato yield and quality is
currently limited by the time and resources required to do sufficient soil monitoring. To
reduce the number of sampling points, root mean square error can be used to determine
the number of sampling points; rational number of sampling sites was determined by
geostatistical analysis (de Souza et al., 2014; Wang et al., 2015; Li et al., 2020). Many
studies estimated the mean value of soil variables by looking for stable or representative
points. Temporal stability analysis (TSA) has already been applied widely to reduce the
number of samples needed for estimating soil water storage in a field (Vachaud et al.,
1985). However, the TSA method is based solely on empirical data, the ability to
recognize why certain locations are better to sample than others is limited to the sampling
points used to find the rank stable locations. To solve this problem, VVan Arkel et al. (2015)
adopted the K-means clustering algorithm to detect critical sampling points for estimating
field-scale near-surface soil moisture and compared with the TSA method. The results
showed that the clustering approach on soil and topography data resulted in field-scale
average moisture estimates that were as good or better than TSA, but without the need
for exhaustive presampling of soil moisture. Because of the effectiveness of this method
in soil moisture estimation, it is necessary to use the principle of this method to estimate
the mean value of potato yield and quality.

Based on this context, the main goals of the current work are: (i) to derive the spatial
variability of potato yield and quality variables (dry matter, protein, starch, reducing
sugar, vitamin C) through descriptive statistics and geostatistic analysis; (ii) to evaluate
the correlation between soil attributes and potato yield and quality; (iii) to verify the
effectiveness of the method which finding critical sampling points using K-means
clustering algorithms in the estimation of the mean value of potato yield and quality.

Materials and methods
Experimental site

The current work was performed at the commercial crop fields, located in the border
of Mu Us Sandy Land, northwest China (38°09'N, 109°00'E, 1183 m a.s.l.). The
experiment was accomplished on a 28.3-ha field, cropped with potato. Before soil
melioration treatment, soil texture was sandy and was not suitable for planting. In order
to control desertification and increase cultivated land, Chinese government had
implemented a project to mix sandy soil (Aeolian sandy soil) with another local soil
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(feldspathic sandstone). Figure 1 shows the location of the experimental site and photos
before and after soil mixing.

Before

Figure 1. Location of the experimental site in China and photos before and after soil mixing

The physical and chemical properties of mixed soil were studied (Han et al., 2012;
Zhang et al., 2021). The study fields were well mixed from a depth of 0—-30 cm by Aeolian
sandy soil and feldspathic sandstone in a proportion of 5to 1 in 2014. The original aeolian
sandy soil was covered with feldspathic sandstone with the mass of 850 tons per hectare.
The mechanical composition of Aeolian sandy soil and feldspathic sandstone is shown in
Table 1.

Table 1. Composition of Aeolian sandy soil and feldspathic sandstone (%)

Sample Clay (<<0.002mm) | Silt (0.002-0.05mm) | Sand (0.05-2mm) | Texture
Aeolian sandy soil 0.24 4.45 95.31 Sand
Feldspathic sandstone 7.06 58.09 34.85 Silt loam

After soil improvement, potato was planted within 2015, 2016 and 2017 growing
seasons. Table 2 showed soil properties, meteorological conditions and planting
management in the potato field from 2015 to 2017. In addition, the variation of initial
aeolian sandy soil was also measured in 2014. The sand content of the sandy soil was
more than 90% and clay content was as low as 0.24%. The coefficients of variation of
soil clay, silt and sand of the sandy soil were 0.53, 0.38 and 0.05 respectively.

Meteorological conditions

The region where the experiment was installed generally has a typical semi-arid
climate. In this area, the potato typically grows from May to October. Figure 2 compares
the monthly mean temperature, the rainfall, and the irrigation for all potato cropping
seasons with their corresponding long-time average values (1957-2014). The rainfalls
during May to October in 2016 and 2017 were 772 mm, and 634 mm, respectively, which
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were higher than that in 2015 (379 mm). Besides, these values were also higher than the
long-term 57-year rainfall mean (423 mm). The potato growth season's average
temperatures were a little greater than the long-term mean from 1957 to 2014. Moreover,
the average temperature (°C) was higher in 2017 by 1.1°C, 2.3°C, and 1.6°C, than that of
2015, 2016, and 57-year period, especially within the critical stage of the onset of
flowering and Tuber formation (July-August).

Table 2. Soil properties, meteorological conditions and planting management in potato field

Category Property 2014 2015 2016 2017
Soil texture sandy | sandy loam | sandy loam sandy
Clay (<<0.002mm) (soil depth:0-
40cm) (%) 0.24 3.09 4.30 0.60
Silt (0.002-0.05mm) (soil depth:0- 445 3201 27 24 9.40
40cm) (%)
_ _ Sand (0.05-2mm) o(son depth:0-40cm) 9531 64.90 68.45 90.00
Soil properties (%)
Bulk dendity \ 1.42 \ 1.50
Electricity conductivity(us/cm) \ 103.45 \ 594.54
Soil organic matter (g/kg) 0.08 1.04 1.82 1.85
Soil nitrate-nitrogen (mg/kg) 0.012 26.69 30 27.68
Soil available phosphorus (mg/kg) 2.68 3.15 3.25 4.28
Soil available potassium (mg/kg) 84 73.07 89 113
Plant area(ha) 0 28.3 28.3 28.3
Cultivar \ Shepody Favorita Shepody
Growing season \ 5/1-9/25 5/1-9/1 5/1-9/22
Plant Intra-row spacing between tuber seed \ 18 18 18
management pieces (cm)
Width of the ridge (cm) \ 30 30 30
Inter-row spacing (cm) \ 90 90 90
Irrigation amount (mm) \ 418 429 473
Meteorological Rainfall (in growing stage) \ 379 772 634
conditions Average temperature (°C) \ 20.0 19.9 20.8
\: no measurement was made
Rainfall
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Figure 2. The comparison between average monthly temperature, rainfall, and irrigation at the
work site for all growing seasons and their corresponding long-term values (1957-2014)
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Plant management

The potato cultivar ‘Shepody’, a widely grown cultivar processed for chip products
globally, was planted in 2015 and 2017, while another potato cultivar ‘Favorita’, was
planted in 2016. This field was a potato monoculture system with ridge tillage. The potato
was sowed in early May and grown continuously under a single pass of a valley center
pivot irrigation system (E2060-G, Reinke Manufacturing Company Inc. USA) equipped
with Nelson sprinkler nozzles (D3000, Nelson Irrigation Corporation, USA). The
irrigation amount was 11 mm for each irrigation event, and the total irrigation amount
was 418 mm, 429 mm and 473 mm during the entire growing period in 2015, 2016 and
2017, respectively. The detailed irrigation schedules are shown in Table 3.

Table 3. Irrigation schedules from 2015 to 2017

Irrigation 201|5 — 201? — 201I7 —
Growth Stage| quota | |rrigation rrigation Irrigation rrigation Irrigation rrigation
amount amount amount
(mm) events events events
(mm) (mm) (mm)
Germination 11 2 22 2 22 3 33
Seeding 11 5 55 6 66 6 66
; Tuber 11 10 110 10 110 10 110
ormation
Tuber 11 11 121 13 143 14 154
development
Tuber ripe 11 10 110 8 88 10 110
Whole 11 0 418 39 429 43 473

It is necessary to note that in 2015, there was no local power supply, and the sprinkler
irrigation machine was powered by diesel. In order to save the cost, the irrigation
frequency was lower than that in the next two years. Fertilizer application rates were
adjusted using field mean nutrient amounts followed by present local agricultural
authority guidelines. For each year, before planting, 4500 kg organic fertilizer, 15 kg urea,
25-30 kg diammonium phosphate and 20-25 kg potassium sulfate were applied, at the
budding stage, 20 kg special fertilizer for potato were applied by center pivot irrigation
system. The same plant protection traits were applied from 2015 to 2017. To avoid pests
and diseases, 3 kg of 5% phoxim particles per hectare were applied before planting in
each year. In order to prevent and control 28 lady beetles, 2.5% Deltamethrin and 70%
Cyano (3-phenoxyphenyl) methyl 4-chloro-a-(1-methylethyl) benzeneacetate were used.
Cyhalothrin and confidor were used to control aphids. In order to prevent and control the
late blight, it has been prevented and treated every 7-10 days since July 15, with a total
of 6 times. The drugs were Antracol, 10% Cyanostazole SC, Amesida and DuPont Yibao,
Famoxate, Redomir(Gold,MZ) and Fluazinam.

Sampling points

The samplings of soil and potato were done in a grid. Figure 3 shows sample location
and the kriging map of soil sand content in 2015. One hundred and sixteen georeferenced
regions were chosen from the field. The breakdown distance among the sampled regions
was typically 25 m. Financial limitations and estimation precision requirements
determine the whole number of samples. Soil moisture, nitrate-nitrogen (NO3z—N), and
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texture components were used to find critical sampling points in this study. Soil moisture
and nitrogen were often used to delineate management zones because of the correlation
with yield (Vrindts et al., 2005; Perron et al., 2018). The effect of soil texture on the
variation of potato cannot be ignored due to its dramatic changes in time and space in the
region where the experiment was installed.
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Figure 3. Kriging map of soil sand content after mixed in 2015 and sample location

Soil texture

At each points, soil samples were collected for soil texture measuring before planting
in each growing season (2015, 2016, 2017). In order to reduce the measurement error
caused by testers, testers A and B were arranged to collect soil samples independently.
Three soil core samples (70 mm diameter, 52 mm height) were collected at the depth of
20 cm within a 1-m radius of each grid point by teater A and tester B, respectively.
Samples were kept cool until submitted to the appropriate laboratory and air-dried,
ground, and sieved through a 2 mm sieve. Soil mechanical composition of three soil core
samples in each point were performed by teater A and tester B respectively using laser
particle analyzer (MasterSizer 2000, Malvern Panalytical Ltd, USA). It is necessary to
evaluate the reliability of measurements using the intraclass correlation coefficient (ICC).
The ICC can theoretically vary between 0 and 1.0, where an ICC of 0 indicates no
reliability, whereas an ICC of 1.0 indicates perfect reliability (Weir, 2005).

Table 4 showed the mean value of intraclass correlation coefficient among three years
between different measurements of soil texture components. It can be seen that ICC of
different measurements were higher than 0.85 indicating good reliability. The average
value in each year of measurements performed by teater A and tester B were calculated
and shown in Table 4. The USDA/FAO textural classifications systems were used to
evaluate different textural classes.
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Table 4. The mean value of intraclass correlation coefficient(ICC) among three years between
different measurements of soil texture components

Soil texture Intraclass correlation coefficient(ICC)

components Mas Mas A*B
Clay 0.987 0.991 0.893
Silt 0.989 0.987 0.856
Sand 0.978 0.989 0.879

Mas: Three measurements collected by tester A; Mgs: Three measurements collected by tester B;
A*B:The mean value of three measurements collected by tester A and the mean value of three
measurements collected by tester B

Soil nitrate-nitrogen(NO3-N)

From each sampling location, soil composite sample was collected 3 times in June,
July and August in each growing season (2015, 2016, 2017) for soil NOz—N measuring,
which was composited by three soil core samples (70 mm diameter, 52 mm height)
collected at the depth of 20 cm within a 1-m radius of each grid point. NO3-N was
determined according to Cawse (1967). N1, N2, N3 represented NOs—N in June, July and
August in each year.

Soil moisture

The volumetric soil water content was measured at each sampling location at depths
of 0-40 cm every 4 days during the growing season using a time domain reflectometer
sensor (Xi’an Bi Shui RV1, China), and the measured values of the volumetric soil water
content were calibrated by a gravimetric method during the experimental period of each
year. Soil moisture content was measured 35, 32 and 35 times in 2015, 2016 and 2017
respectively. Ov1, Ov2, Ovs represented the mean value of soil moisture content in June,
July and August in each year.

Soil properties

Three soil core samples (70 mm diameter, 52 mm height) were collected at three
random points at the depth of 20cm within a 1-m radius before planting in each growing
season. One of samples was used for measuring soil bulk density determined according
to cutting ring method. One of samples was used for measuring soil organic matter,
available phosphorus, available potassium. Soil available potassium was extracted with
ammonium acetate and determined by flame photometer (SHUMAN et al., 1990). Soil
available phosphorus was extracted with sodium bicarbonate solution and determined by
spectrophotometer (V-T3, Yipu Instrument Manufacturing Co., LTD, Shanghai, China)
(Olsen, 1954). Soil organic matter was determined according to Yeomans et al. (1988).
Another sample was used to measure soil electricity conductivity determined by
conductivity meter (DDSJ-318T, Shanghai Yi Electrical Scientific Instrument Co., LTD,
Shanghai, China). The average value of each year were shown in Table 1.

Yield and quality

Before the field’s commercial harvest, a typical yield digs of 1 m-rows was carried out
by hand at all sample points and weighed by an electronic scale (measuring range:
0.05-50 kg, measuring accuracy: 0.01 kg, Zhuoshanggi Co. Ltd., China). Three fresh
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potatoes were collected in each points and submitted to the laboratory. One fresh potato
in each point was used for VC measurement and the rest were used for other quality
measurement. Tuber dry matter content was determined according to oven drying
method, slicing the three potatoes and mixing the processed potatoes together.
Fragmented tubers were dried at 105 °C until the weight became constant. The starch
content, protein, reducing sugar, vitamin C in tubers were determined according to iodine
colorimetry method (McGrance et al., 1998), biuret reagent method (Yan et al., 2006),
3,5-dinitrosalicylic acid (DNS) colorimetric method (Zhao et al., 2008), moly-blue
colorimetric method (Rietjens et al., 2002), respectively.

Data analyses

Statistical analysis, correlation analysis and geostatistical analysis were used to
evaluate the spatial variability of potato yield and quality. ArcGIS10.3 (ESRI, Redlands,
CA, USA) was adopted to construct semivariograms and kriged surface maps. The linear
correlation coefficients (P < 0.05) were obtained through the Pearson’s test by SPSS10.0

(International Business Machines Corporation, USA). The normal distribution estimation
was performed on a skewness basis, i.e., for a skewness range between -1 and 1, a normal
distribution was chosen for the data. If the data does not accord with normal distribution,
the original data should to be log-transformed.

Semivariogram parameters, including the nugget (Co), sill (C1), and range (a), were
utilized to define the spatial framework of all variables. Nugget describes the distance
zero variance or the experimental error; sill defines the semivariance amount where the
semivariogram attains the upper bound after its primary growth. It represents the
maximum variance for this type of semivariogram and indicates the overall (a priori)
semivariance of the selected region; the range defines the amount(x-axis) where a variable
becomes spatially independent or the lag-distance where the semivariogram becomes
smooth. The nugget to sill ratio determines the random part significance and estimates
the spatial dependence quantitatively. Nugget/sill ratios can be divided into three
categories (Cambardella et al., 1994): (i) <25%, strong spatial dependence; (ii) 25-75%,
moderate spatial dependence; (iii) >75% ,spatially independent or pure nugget (i.e., when
semivariograms’ slopes are around zero).

Spatial variation can be described by various models (spherical, circular, etc.) fitting
the semivariograms. The best-fitting model can be selected using the highest
determination coefficient and confirmed through a visual inspection. The adopted lag
distance was between 5 and 12, considering the variable. Cross-validation and ordinary
kriging were utilized to extrapolate the amounts of unsampled field components.

K-means cluster analysis

K-means cluster algorithm aims to find categories, or clusters, containing objects with
similar features. The distance measures over the different dimensions in the dataset are
utilized to extract the similarity among objects. In the initial step of this algorithm, all
data locations are randomly allocated to one of the k clusters. The n-dimensional centroid
location, where n indicates the number of attributes in the input vector for any point, is
obtained for all k clusters. The minimum Euclidean distance between the input vector and
the centroid vector is derived to obtain the distance from any point to every centroid.
Then, all points are reassigned to a cluster with the nearest centroid. This procedure
continues iteratively until cluster membership is kept unchanged (Van Arkel et al., 2015).
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In order to reduce the cost of sampling, it is necessary to find optimal sampling
locations with fewer soil variable types and fewer measurement times. Therefore, the data
involved in clustering were divided into 8 groups. Firstly, the single measurement result
of a single factor was clustered in order to analyze whether good results can be obtained
at the least cost, including sand dataset, N-1 dataset, ©.-1dataset. Sand dataset were
composed of soil sand contents in 116 sample points representing soil texture. N-1 dataset
and ©y-1 dataset were composed of nitrogen and mean value of soil water contents in all
points in August, respectively. According to the research of Tian et al. (2011), the water
requirement of potato was higher from flowering stage to tuber expansion stage, and
lower at seedling stage and before harvest. Secondly, multiple measurement results of
single factor were clustered, including texture dataset, N-All dataset, ©y-All dataset. The
texture dataset contains clay, silt, sand in all sampling points. N-All dataset was composed
of three measurements of nitrogen, N1, N2, N3. ©Ov- All dataset was composed of Ovl,
Ov2, ©v3, the mean value of soil moisture content in June, July and August. In addition,
the principal components extracted by multi-factor were clustered. The first principal
component and all principal components were clustered respectively. PC-1, as the first
principal component extracted from these attributes, contains clay, silt, sand, N1, N2, N3,
Ov1, Ov2, O©va. PC-All includes principal components whose eigenvalues were extracted
from these attributes and are higher than 1. Eigenvectors and cumulative contribution
rates of principal components in each year were shown in Table 5. There were 4, 3 and 4
principal components in 2015, 2016 and 2017, contained 81.58%, 82.34% and 75.65%
soil information respectively.

Table 5. Eigenvectors and cumulative contribution rates of principal components

2015 2016 2017

Principal Cumulative Cumulative Cumulative
components | Eigenvectors | contribution | Eigenvectors | contribution | Eigenvectors | contribution
rates (%) rates (%) rates (%)

F1 3.69 40.98 3.28 36.45 2.66 29.54

F2 1.35 55.94 2.35 62.53 1.98 51.54

F3 1.28 70.12 1.78 82.34 1.15 64.32

F4 1.03 81.58 \ \ 1.02 75.65

F1: the first principal component; F2: the second principal component; F3: the third principal component;
F4: the fourth principal component

Then, the centroid vectors for all clusters in all datasets were determined. The input
vector elements were sorted from small to large by the Euclidean distance from each
cluster centroid. The smallest point was extracted as the typical sampling point for each
cluster. The following weighted mean can be calculated from the typical sampling points
and the number of points in the corresponding cluster to determine the estimated average
of the field yield or potato quality from the sampling points detected through the
clustering algorithm (Eq.1):

k
Xi YBMm; i

—est _
yrest =2 (Eq.1)

where Yj‘e“ is the estimated mean yield or potato quality on the jth year, Yam,; is the yield

or potato quality value on the jth year for typical sampling points of the ith cluster, where
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their mean is denoted by Yomy ;o i describes the number of sampling points in the ith

cluster, N indicates the whole number of sampling points, and k denotes the number of
clusters.

The sum of typical sampling points is determined by multiplying the number of
clusters by the number of typical sampling points for each cluster, affecting the prediction
results. In the current work, we verify the choice between two to twelve clusters, including
about 10% of the observed data locations, with one to three points per cluster.

Davies-Bouldin index (DBI) and the estimation coefficient of determination (R?) were
computed to compare k-means clustering validation, and the precisions of the estimated
field mean yield or potato quality from various approaches. The estimated field means
are compared to the corresponding “true” field means, as the arithmetic means of the
whole observations for the corresponding year.

Clustering validation, assessing clustering results' performance, is necessary to
evaluate the quality of clustering algorithms. The Davies-Bouldin Index, as the most
popular internal clustering validation index, attempts to maximize the intra-cluster
distance and minimize the inter-cluster distances. DBI can be calculated as follows (Gao
et al., 2018). For any cluster C, its similarities to the other clusters are obtained, and the
maximum similarity is considered as the cluster similarity for C. The mean of these cluster
similarities is considered the DBI index. The smaller DBI value means superior clustering
performance. The DBI should be minimized to obtain maximum separation between
clusters and attain the optimum partition.

Estimation R? determines to what extent the algorithm is superior to a simple
employment of the field average; a positive amount demonstrates the superiority of the
algorithm to the three-year field mean, whereas a negative one demonstrates its weakness
comparing with the three-year field mean. Estimation R? can be obtained from the
following sums of squared errors (Eq.2):

sy

R*=1 ——
(7,7

(Eq.2)

where Y, indicates the mathematical mean of observed yield or potato quality on the jth
year across 116 sampling points, Yj‘e“ is the estimated mean yield or potato quality on

the jth year, Y is the mean of all the three-year observed yield or potato quality. By
considering invalid prediction number (R? < 0) as the abscissa axis and the average value
of estimation R? as the ordinate axis, six scatter plots of the predictive validity of different
K-Means methods for selecting critical sampling points were plotted here to compare the
prediction of potato yield and quality based on different K-Means methods (Figure 5).
The dotted lines in Figure 5 show the mean values of scatter points.

Results and discussion
Descriptive statistics

Table 6 gives the descriptive statistics in tuber yield and quality within-field for the
three years. Most variables had a normal distribution. A few contrasts of both yield and
quality were notable. Yield in 2015, 2016, and 2017 were 54168 kg ha, 54487 kg ha*
and 70879 kg ha'?, respectively. Although the same potato cultivar ‘Shepody’ was planted
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in 2015 and 2017, the yield varied considerably. The higher rainfall within May to
October was obtained in 2016 (772 mm) and 2017 (634 mm), compared with that in 2015
(379 mm). This may be due to the lower rainfall and poor irrigation management in the
first year after mixing soil with Aeolian sandy soil and feldspathic sandstone. Dry matter
content, protein, and starch in 2015 and 2017 were both higher than the corresponding
ones in 2016. Differences in potato variety and climate can produce very different tuber
yield and quality values from year to year.

Table 6. Descriptive statistics for potato tuber yield and quality

Year Property Mean | Min Max SD | Skewness | Kurtosis | CV | Num
Yield (kg ha?) 54168 | 19048 | 103001 | 22379 0.57 -0.47 041 116

DMC(%) 2528 | 15.19 | 34.09 | 3.16 0.78 -0.33 |0.11| 116

2015 Protein(%) 0.62 | 0.21 1.33 0.00 -0.76 0.25 |0.39]| 116
Starch(%) 16.37 | 488 | 29.64 | 584 -0.70 0.07 |0.36| 116

Reducing Sugar (%) 0.15 | 0.09 0.25 0.00 -0.01 0.70 |0.24| 116

VC(mg 100g™) 29.27 | 11.00 | 48.00 | 10.54 -0.08 -0.20 |0.36| 116

Yield (kg ha?) 54487 | 29943 | 78411 | 12041 0.22 -0.71 | 0.22| 116

DMC(%) 21.36 | 14.41 | 28.21 | 3.04 0.37 0.10 |0.13] 116

2016 Protein(%) 0.54 | 0.25 0.90 0.15 0.43 048 |0.32| 116
Starch(%) 1159 | 244 | 2275 | 4.09 0.21 044 |0.35| 116

Reducing Sugar (%) 0.15 | 0.09 0.21 0.03 -0.28 -0.26 |0.19| 116

VC(mg 100g™) 27.12 | 5.00 | 57.50 | 9.02 1.29 0.13 ]0.33| 116

Yield (kg ha?) 70879 | 43679 | 107448 | 11675 0.10 0.22 |0.16| 116

DMC(%) 23.97 | 18.28 | 27.18 | 2.66 0.54 0.05 |0.08| 116

2017 Protein(%) 0.73 | 0.34 1.34 0.00 0.37 0.37 |0.28| 116
Starch(%) 1591 | 6.47 | 3578 | 5.14 0.82 0.86 |0.32| 116

Reducing Sugar (%) 0.10 | 0.04 0.27 0.00 0.87 139 |0.32]| 116

VC(mg 100g™) 24.00 | 11.00 | 41.00 | 6.00 0.54 0.73 ]0.25| 116

DMC, Dry matter content, VC, Vitamin C, CV: Coefficient of variation

According to the coefficient of variation (CV) as a measure of field stability with years,
reducing sugar and dry matter content (DMC) were more stable than others. Spatial
variation was remarkable for most variables. The CV of yield in 2015 was as high as 0.41,
while the minimum yield was only 19048 kg ha™, but the highest was 103001 kg ha™.
The wide yield range suggested that soil variability may significantly influence the tuber.
Therefore, the mean tuber production can be considerably lower than its capability. The
CV of yield tended to diminish among years, ranging from 0.41 to 0.16. In contrast,
according to Cambouris studies, the potato yield variability had an approximately fixed
value (from 0.24 to 0.27) in each year. Although the potato was also planted in sandy
loam soil, it has a lower variation of soil sand content (C\VV=0.03) (Cambouris et al., 2006).
A similar trend also can be seen in Protein and VC.

Descriptive statistics of soil properties are summarized in Table 7. Regardless of the
small region of the experimental plot, the spatial and temporal variabilities of most
variables were considerable. After mixed, the study fields contrast in soil texture with
sandy loam to sandy among three years. Since the clay proportion remained low (lower
than 5%), fluctuating from 0.6% to 4.3% through three years, soil texture was determined
by silt and sand. After the first year, silt reduced moderately from 32.02% to 27.04%,
then tumbled to 9.4% in the third year. In contrast to silt, sand increased slightly from
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64.9% to 68.45% and then raised rapidly to 90.00% through three years. This may due to
instability of mixed soil and the downward migration of silt. Recent evidence suggested
that continuous monoculture systems could degrade soil aggregate stability due to low
organic inputs and tillage practice disturbances (Acosta-Martinez et al., 2004; Ma et al.,
2016). It was reported that soil aggregate stability decreased significantly in the potato
monoculture system after two years of continuous cropping. In addition, the soil was just
mixed, and the soil aggregate was not stable in the process of formation. Therefore, silt
may migrate downward with high-frequency irrigation and rainfall. In this study, since
the rainfall in 2016 (772 mm) is higher than in 2015 (379 mm), this phenomenon was
more noticeable after two cultivation years. However, soil texture in deeper than 40 cm
had not been analyzed. The reasons for the drastic change of soil texture in depth of
0-40 cm need to be further studied.

Table 7. Descriptive statistics of soil features among three years

Year Property Mean Min Max SD | Skewness | Kurtosis CV  |Num
Clay (%) 3.09 024 | 828 | 1.48 0.76 1.68 0.48 | 116
Silt (%) 3201 | 7.23 | 59.27 | 12.37 0.27 -0.95 0.39 | 116
Sand (%) 64.90 | 35.10 | 92.54 | 13.44 -0.25 -0.96 021 | 116
Ov1 (%) 1164 | 6.16 | 19.81 | 3.49 -0.74 0.39 0.30 | 116
2015 Ov (%) 9.46 551 | 17.04 | 2.82 -0.24 0.77 0.30 | 116
O (%) 1147 | 458 | 1981 | 4.35 -0.82 0.18 0.38 | 116
Ni(mg kg™?) 90.49 | 23.59 | 168.54 | 28.17 -0.08 -0.08 0.31 | 116
N2(mg kg™) 46.33 | 7.32 | 91.84 | 16.28 -0.25 0.06 035 | 116
Ns(mg kg™?) 29.69 | 10.48 | 51.10 | 8.27 -0.22 0.00 0.28 | 116
Clay (%) 3.26 046 | 719 | 1.35 0.69 -0.08 0.41 | 116
Silt (%) 23.09 | 575 | 52.89 | 9.06 0.41 -0.39 0.39 | 116
Sand (%) 73.65 | 41.16 | 93.53 | 10.17 -0.33 -0.34 0.14 | 116
Ouv (%) 9.19 551 | 16.19 | 2.26 -0.17 0.60 0.25 | 116
2016 Ov2 (%) 1131 | 585 | 18.94 | 2.73 0.27 0.58 0.24 | 116
6w (%) 9.09 496 | 16.71 | 2.60 -0.26 0.64 0.29 | 116
Ni(mg kg™?) 88.07 | 54.63 | 131.69 | 15.94 -0.12 0.34 0.18 | 116
N2(mg kg™?) 37.83 | 13.75 | 70.20 | 11.36 0.63 0.44 0.30 | 116
Ns(mg kg™?) 30.00 | 9.58 | 55.56 | 10.58 -0.31 0.43 035 | 116
Clay (%) 2.70 058 | 892 | 1.32 0.80 1.08 0.49 | 116
Silt (%) 10.38 | 4.28 | 25.83 | 3.82 0.08 0.25 0.37 | 116
Sand (%) 86.92 | 65.25 | 95.14 | 5.07 0.14 -0.20 0.06 | 116
Ov (%) 10.40 | 6.47 | 14.48 | 3.00 0.73 1.10 0.19 | 116
2017 Ov2 (%) 9.89 6.80 | 17.18 | 2.95 0.71 1.25 0.21 | 116
6w (%) 7.68 515 | 12.15 | 251 0.34 0.98 0.16 | 116
N1(mg kg™ 84.06 | 15.01 | 188.78 | 40.63 0.27 0.62 0.48 | 116
N2(mg kg™ 4066 | 4.73 | 79.36 | 16.99 -0.01 0.51 0.42 | 116
Ns(mg kg™?) 27.68 | 8.76 | 59.43 | 13.24 0.17 0.85 0.48 | 116

CV: Coefficient of Variation. ©v1, ©v», ©vs: Mean value of soil water content in June, July and August;
N1, N2, N3: soil nitrate-nitrogen in June, July, August

The variation range of soil moisture content was 7.68% — 10.40% in 2017,
9.09% — 11.31% and 9.46% — 11.64% in 2015 and 2016, respectively. It can be seen that
the soil moisture content in 2017 was slightly lower than that in previous two years, which
was related to the change of soil texture. Soil nitrate-nitrogen declined from 90.49 mg kg™
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to 29.69 mg kg within the growth period in 2015. The same trend can be seen in the next
two years. Soil available nitrogen was 33 mg kg? before planting in 2015. After
cultivation, soil available nitrogen in August were 29.69 mg kg?, 30 mg kg and
27.68 mg kg in 2015, 2016 and 2017, respectively. It can be seen that soil available
nitrogen was kept approximately unchanged. The nitrogen consumption of potatoes was
induced by fertilization. Meanwhile, the potato monoculture system was not conductive
to nitrogen accumulation in the mixed soil.

The CV of soil sand content decreased considerably among years from 0.21 to 0.06,
while the CV of clay and silt fluctuated around 0.38 and 0.48, respectively. However,
according to several reported studies involving spatial variation within-field, spatial
variation of soil particle distribution remained fixed year by year (Casa et al., 2008; Li et
al., 2016). Meanwhile, according to the CV amounts ranging from 0.15 to 0.35, most soil
chemical and physical features had moderate variability. Based on the soil survey
reported by Cambouris et al. (2006), the CV of clay, silt, and sand were 0.20, 0.29, and
0.03, respectively. Similar to soil sand content, the CV of soil moisture declined during
years from 0.33 to 0.16. However, for nitrogen, this was not the case. The maximum
nitrogen variability was observed in 2017. In this study, fertilization was the primary
source of soil nitrogen. Therefore, it is not easy to ensure the uniformity of fertilization.

Potato tuber yield and quality had between strong and weak spatial dependency, and
except reducing sugar content showed non-consistent spatial variability according to soil
temporal variability. This finding was compatible with Redulla’s findings, demonstrating
yield-driving factors variability for various fields and seasons (Redulla et al., 2002).
However, the CV of yield, protein, and VC changed more dramatically among years than
in previous studies. This may be due to the mixed soil's instability with the downward
migration of silt.

Geostatistic analysis

The spatial variability of potato yield and quality are presented in Figure 4, while the
best fitting model parameters are given in Table 8.
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Figure 4. Semi-variance functions of potato tuber yield and quality
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Table 8. Semi-variance function model parameters of potato tuber yield and quality

Year Property Model Nugget| Sill R’(amng;e Nu%gyi;/snl R? Num
Yield (kg ha?l) | Exponential | 0.80 1.14 151 70 0.86 116
DMC(%) Exponential | 0.33 1.03 147 32 0.83 116

2015 Protein(%) Exponential | 0.05 | 0.75 122 7 0.92 116
Starch(%) Exponential | 0.97 1.02 254 95 0.82 116

Reducing Sugar (%) Exponential | 0.41 0.97 202 42 0.75 116
VC(mg 100g™") Exponential | 0.69 | 0.94 324 73 0.89 116

Yield (kg ha?) | Exponential | 0.67 1.02 148 66 0.79 116
DMC(%) Exponential | 0.16 | 1.12 145 14 0.86 116

2016 Protein(%) Exponential 0 0.97 103 0 0.82 116
Starch(%) Exponential 1 1.22 588 82 0.86 116

Reducing Sugar (%)| Exponential | 0.48 0.99 173 48 0.79 116
VC(mg 100g*) | Exponential | 0.72 | 1.01 321 71 0.85 116

Yield (kg hal) | Exponential | 0.54 | 0.94 216 57 0.92 116
DMC(%) Exponential | 0.71 | 0.98 160 72 0.72 116

2017 Protein(%) Exponential | 0.17 1.13 181 15 0.80 116
Starch(%) Gauss 0.53 | 1.58 588 34 0.85 116

Reducing Sugar (%)| Exponential | 0.62 1.16 242 53 0.81 116
VC(mg 100g™) Exponential | 0.29 1.17 204 25 0.82 116

DMC, Dry matter content, VC, Vitamin C

The exponential model was the most used, that approached sill value asymptotically,
while the gauss model was only utilized for starch in 2017. Tuber yield showed moderate
and non-consistent spatial dependence among three years, with the nugget-to-sill ratio
decreasing from 70% to 57%. It had a more significant range value (216 m) and a lower
nugget-to-sill ratio (57%) in 2017 than in the previous years, indicating that the tuber
yield had stronger spatial dependence in 2017. According to the above results, there was
higher soil sand content in 2017. It can be concluded that potato tuber yield may have
more considerable spatial dependence in sandy soil. In contrast, according to Cambouris
et al. (2006), consistent and unchanged variability in tuber yield from 1998 to 2000 can
be found, with the nugget-to-sill ratio around 47%. The nugget-to-sill ratio values in the
current work were higher than those obtained by Cambouris et al. (2006) and derived
from the relatively less uniform soil texture at the mixed-soil site.

Dry matter content exhibited two spatial patterns: moderate spatial dependence in 2015
and 2017 and strong spatial dependence in 2016. The lower nugget-to-sill ratio values for
tuber dry matter content were obtained in 2015 (32%) and 2016 (14%). A similar trend
can be seen in Figure 3(b), whereas a more significant ratio can be observed in 2017
(72%). 1t can be concluded that the spatial structure of tuber dry matter content varied
widely among years and was sensitive to the temporal variation of soil texture.

Tuber protein content had a strong spatial dependence with the nugget-to-sill ratio
ranging from 0 and 15% and with the range value between 103m and 181m. Usually,
strong spatial dependence may be due to inherent factors like soil water content and soil
nutrient (Cambardella et al., 1994).

Starch in 2015 and 2016 both showed weak spatial dependence under the selected
sampling procedure with the nugget-to-sill ratio between 95% and 82%, and showed
moderate spatial dependence in 2017 with the nugget-to-sill ratio of 34%, indicated that
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a severe range value could be distinguished outside the field size, or the number of
samples was not enough for the spatial dependence extrapolation. A similar variation
pattern for tuber to reducing sugar content was observed among three years with similar
nugget-to-sill ratio and range value, demonstrating moderate spatial dependence. It
demonstrated that, even though the soil texture varied widely among years, the reducing
sugar content's consistent spatial distribution could be observed. Thus, soil texture could
not be considered the main factor for the structure spatial variability of the reducing sugar
content.

Although tuber vitamin C showed moderate spatial dependence in three years, it had a
much lower nugget-to-sill ratio (25%) in 2017 than in the previous years (73% and 71%),
indicating its stronger spatial dependence in 2017. The mentioned trend was analogous
to the tuber yield’s spatial variability.

In conclusion, potato tuber yield and quality except reducing sugar content showed
non-consistent spatial variability according to soil temporal variability. These results
were compatible with previous studies. The inconsistency over time of spatial variability
patterns of essential crop features like yield and protein has been demonstrated in the
literature (Redulla et al., 2002; Blackmore et al., 2003; Maestrini et al., 2018).

Correlation analysis

Table 9 describes the Spearman correlation among tuber yield and quality and soil
features. Although significant correlation relationships were extracted among soil
features and yield, a few contrasts of the correlations can be observed between soil
features and potato yield and quality in various growing seasons.

Table 9. Spearman’s correlation coefficient of potato tuber yield and quality with soil
properties

Property Year | Clay Silt Sand Ov: Ov; Ov; N1 N2 N3
2015 | NS NS NS |-0.31**|-0.34** | -0.43**| 0.59" | -0.41™ | -0.36™
Yield 2016 | NS |-0.25™ | 0.23" NS |[-0.27**|-0.31** | 0.71" | -0.28"™ | -0.29™
2017 | NS 0.34" | -0.33" NS NS NS NS NS 0.40"
2015 | 0.33**| 0.21* | -0.24* | 0.20* NS NS NS NS | -0.19"
DMC 2016 | 0.27** | 0.31** |-0.31**| 0.36** | 0.30** | 0.38** | 0.42™" | -0.25" | -0.24"
2017 | NS NS NS NS NS NS NS NS 0.38"
2015| NS | 0.27** |-0.25**| NS NS NS NS NS NS
Protein 2016 | NS NS NS | 0.26** | NS NS NS |-0.23"| NS
2017 | NS | -0.33" | 0.32" | -0.35" | -0.34" | -0.35" | NS NS | -0.34*
2015| NS | 0.29** |-0.28**| 0.23* | 0.22* | 0.29** | NS NS NS
Starch 2016 | NS 0.23* | -0.23* | .19" NS NS |0.18"| NS NS
2017 | NS NS NS NS NS NS NS NS NS
2015| NS |[-0.29**| 0.28** | NS NS NS NS NS NS
Reducing Sugar| 2016 | -0.21* | -0.22* | 0.22* NS NS NS NS NS NS
2017 | NS NS NS NS NS NS NS NS NS
2015 | -0.20* | -0.30** | 0.30** | NS NS NS NS NS NS
VC 2016 | NS |[-0.27**| 0.26** | NS NS NS NS NS NS
2017 | -0.33" | NS NS -0.33" | -0.39" NS NS NS NS
DMC, Dry matter content, VC, Vitamin C, ©vi, ©v,, Ovs: Mean value of soil water content in June, July
and August; N1, N2, N3: soil nitrate-nitrogen in June, July, August; PC-1, The First Principal Component,
NS, Not Significant. *, **: Significant at the 0.05, 0.01 probability levels, respectively
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The yield was negatively and positively correlated to silt in 2016 and 2017,
respectively. In contrast, it was positively and negatively correlated to sand in 2016 and
2017, respectively. This was compatible with earlier observations (Redulla et al., 2002),
which showed that correlation coefficients among potato point yield and silt were positive
in one field and negative in another with different soil textures. Although most soil
moistures were negatively correlated to yield in the previous two growing seasons, this
significant correlation relationship cannot be observed in 2017. In the first two years, the
yield was negatively correlated with N2 and N3 while positively correlated with Nj.
However, the yield was only positively correlated with Nz in the last year. It can be
concluded that soil texture was sandy loam in 2015 and 2016, while sandy in 2017. It also
means in the sandy loam field, the more soil water content and nitrogen in August, the
lower the potato yield. The opposite phenomenon can be observed in sandy soil. These
results may be due to the less drainability and the lower soil moisture tension in the sandy
clay loam soil than in sandy soil. The mentioned results were in good agreement with
those observed in earlier studies. Saini (1976) studied the physical parameters of different
soils and discovered the high correlation between the oxygen diffusion rate (ODR) and
potato yield. Holder et al. (1984) extracted a remarkable relation between oxygen
diffusion rate (ODR) and soil moisture tension (matric potential) at the 30 and 40 cm
depths. These results indicated that irrigation might be excessive for potatoes in an andy
clay loam field.

Similar to yield, dry matter content was negatively correlated with N> and N3 while
positively correlated with N1 in 2016, indicating the higher nitrogen consumption in July
and August (End of flowering-Onset of senescence and tuber expansion) compared with
June (Onset of flowering and Tuber formation). The mentioned results were compatible
with those of other works and suggested that the nitrogen absorption rate increased
gradually after sowing to reach its maximum in the tuber expansion period (Wang et al.,
2014). Therefore, it is necessary to fertilize nitrogen additionally in the mentioned period.

In general, more than 66% of the correlation coefficients among soil sand content and
tuber variables were significant, with positive correlation coefficients ranging from 0.22
(Reducing Sugar in 2016) to 0.32 (Protein in 2017) and negative ones ranging from -0.23
(Starch in 2016) to -0.37 (DMQ in 2017). Redulla et al. (2002) reported that soil texture
parts (sand, silt, clay) had a more significant effect on tuber yield than the soil chemical
features (N, P, K, organic matter, pH). Spatial variation of soil texture may be the
fundamental cause of the spatial variability of potato yield and quality in this mixed field.

Estimation analysis

Figure 5 shows DBI amount of clusters computed by k-means for all datasets. K-
means gave higher DBI values for high-dimensional data (texture dataset, N-All dataset,
O.-All dataset, PC-All dataset) compared to one-dimensional data (sand dataset, Oy
dataset, N-1 dataset, PC-1 dataset). For DBI, a lower criterion value represented the
optimal cluster. In high-dimensional datasets, the smaller the Euclidean distance between
clusters, the higher DBI was. According to similar results, the whole objects in a high-
dimensional dataset usually were almost equidistant from each other and entirely mask
the clusters (Parsons et al., 2004). However, it is also effective to determine the quality
of clusters using DBI. According to the elbow principle, the optimal clustering number
for K-Means on the PC-All dataset was 6, while this value was 2 for the other datasets.

Figure 6 shows six scatter plots of the predictive validity of different K-Means
methods for selecting critical sampling points. For most tuber variables (except protein),
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points of high-dimensional datasets fall on the left of points of one-dimensional datasets,
indicating that high-dimensional datasets-based yield and qualities prediction was more
stable than the one-dimensional ones, suggesting that these data without temporal
variation information cannot be utilized to choose critical sampling points. Prior studies
have noted the importance of temporal variation for yield spatial variation (Li et al.,
2016).
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Figure 6. Scatter plots of the predictive validity of different K-Means method

For yield, estimation R? of most datasets, except sand, fluctuated moderately around
the mathematical average (0.54). Although higher estimation R? was observed, sand
dataset-based yield prediction gave inconsistent results. This result may be induced by
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the inconsistency of spatial variability of yield and the relationship between soil sand
content and tuber yield. ©v-All had superior prediction results with the point fallen in the
second quadrant (Figure 6a). It can thus be suggested that soil moisture was the primary
constraint for spatial variability of potato yield in this site. Soil moisture content was
detected as an essential factor influencing potato yields and tuber quality in several works
(Van Loon, 1981; Fabeiro et al., 2001; Ahmadi et al., 2010). Fulton had reported that
inadequate soil moisture could reduce the potato yield (Fulton, 1970).

Compared to yield and other potato quality, dry matter content had better prediction
results, with a higher mean of estimation R? (0.72) and lower valid number (1)
(Figure 6Db). In the statistical sense, the lowest CV was obtained for the DMC. For DMC,
the PC-AIl dataset gave the best performance with the estimation R? 0.81, while the N-
All dataset gave the lowest estimation R? (0.54), indicating that these vector data alone
were not enough for the confident selection of critical sampling points.

In contrary to dry matter content, protein had unsatisfactory prediction results, with a
lower mean of estimation R? (0.47) and higher valid number (6.5) (Figure 6c). For
protein, both PC-1 and N-1 datasets exhibited relatively better performance. As shown in
the first principal component's component matrix (Not listed in this paper), the correlation
coefficients between the first principal component and soil particles were significant
(correlation coefficients were about 0.77). As with the correlation results, there was a
noticeable correlation between protein and soil particles across three years and a negative
correlation among protein and nitrogen in August 2017.

For starch, K-means on texture dataset often provided satisfactory results, with higher
estimation R? (0.71) than another approaches (Figure 6d). This finding confirmed
correlation analysis results, indicating a significant correlation between soil particle
distributions and potato starch. According to both analyses, the starch variation was
mainly affected by soil particle distributions compared with soil moisture and nitrogen.
Although the relationship between starch and soil texture has been studied in few works,
some studies pointed that insufficient soil water could reduce starch yield (Jin et al.,
2015). These results showed that soil texture might affect starch content in another way,
requiring more depth experience and analysis.

The prediction effect of reducing sugar was only after the dry matter content
(Figure 6e), which may be due to the consistent spatial distribution. The average values
of estimation RZand valid number were 0.62 and 1.5, respectively. Across all metrics, the
best performance belonged to N-All and soil texture datasets. Although a significant
coefficient between nitrogen and reducing sugar was not observed, this finding suggested
that soil particle distributions and nitrogen with temporal variation information were
sufficient to select critical sampling points.

As shown in Figure 6f, VC had the most inconsistent results with the highest valid
number (the mean value was 7.4) compared to all the potato quality and yield. These
results may be due to the varied wildly spatial dependence among three years. The best
performance belonged to the PC-AIll dataset, indicating that independent principal
components extracted from soil moisture, nitrogen, and particle distribution could provide
a little explanation of VVC spatial variability for this site.

Taken together, K-means methods employed different soil attributes for identifying
critical sampling points, which gave a more accurate estimation of the field mean of dry
matter content and reducing sugar but generally performed erratically in the estimation
of the field average of VC and protein. Interestingly, in all potato yield and quality
variables of this study, dry matter content and reducing sugar had the lowest CV. In
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contrast, in the geostatistical analysis sense, VC and Protein have moderate spatial
dependence, which means that there is a factor affecting their structural variations.
Although correlation analysis found a significant correlation between soil attributes and
VC or protein, some properties like soil moisture, nitrogen, and particle distribution could
not affect VC and protein directly, not the root of variability.

Conclusions

Potato tuber yield and quality had between strong and weak spatial dependency, and
except reducing sugar content showed non-consistent spatial variability according to soil
temporal variability.

Correlation analysis showed that more than 66% of the correlation coefficients
between soil properties and tuber variables were significant, indicating that an
improvement in the temporal variation of soil texture was the most excellent chance for
site-specific potato management in mixed soil.

The evaluation of K-means clustering algorithms' effectiveness showed that ©v- All,
PC-All, and texture had superior prediction results for tuber yield, dry matter content, and
starch, respectively. N-All and soil texture datasets exhibited the best performance for
reducing sugar. Unsatisfactory prediction results were obtained for Protein and VC. These
findings can be utilized to detect the possible opportunity for in-field site-specific potato
management for different objectives. The method proposed by Van Arkel was effective
for estimating potato quality which had stable spatial variation structure. More research
is needed for potato yield and quality with large spatial-temporal variation.
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