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ABSTRACT

Studies to prediction of soil moisture constants and other soil properties
rather than direct measurements were never dwindle importance.
Models were derived from other soil properties obtained easily.
Therefore, in this study focused on the predictability of some moisture
constants, whose determination was often difficult and time-consuming,
from penetration resistance measurements. In the improvement of
alternative models for the estimation of moisture constants; in addition
to penetration resistance, textural fractions (sand, clay and silt), bulk
density, CaCOs % and organic matter contents were included. The
models were created according to soil groups with different textures
(sandy, loamy, clay) for moisture constants at 0.1, 0.33, 0.5 and 15 bar.

In the models for estimation of 0.1, 0.33, 0.5 and 15 bar moisture
content, the highest differences in R? values (0.61, 0.60, 0.64 and 0.59)
between the actual and the predicted data was obtained for loamy soils.
For this group, the root means square error (RMSE) ranged between
1.32 and 1.90 %, and in addition, the mean error (ME) was determined
to be in a range from 1.53 to 2.05 %. For the estimation of moisture
content at different soil moisture tensions using organic matter, bulk
density, clay and penetration resistance properties, the coefficient of
determination ranged from 71 to 77 %. Therefore, it is concluded that
the alternative models, developed using penetration resistance or by the
addition of some other soil properties, could be used safely in the loamy
texture soils.
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1. Introduction

Pedotransfer functions (PTFs) explain the relationships within soil properties, and they have attracted the attention of
researchers in recent years. In these studies, some soil properties are estimated indirectly by way of other easily measured soil
properties, instead of laborious and time-consuming methods. Thus, it is possible to easily determine properties that are
otherwise difficult to predict thanks to these functions. The field capacity and permanent wilting point moisture constants are
great importance in determining the optimum amount of water to be used for plants. Bahtiyar (1978) stated that only part of the
capillary water, which is associated with a soil moisture tension of 0.31 to 33 atmospheres in the soil can be used by the plants
between the field capacity (0.33 atm) and the permanent wilting point (15 atm). Field capacity and permanent wilting point
determination are very time consuming and laborious in field conditions. Studies where the field capacity and permanent
wilting point properties could be estimated by other soil properties (Minasny 2009; Mohanty et al. 2015; Touil et al. 2016)
have remained important for many years. When soil properties are examined, some soil features affect many other properties
(Turgut et al. 2010; Negis et al. 2016). Penetration resistance varies depending on many other properties, significant increases
have been observed, especially for decreasing moisture content (Busscher 1990; Seker 1997; Turgut et al. 2008). It was
predicted that this property, which is greatly affected by soil moisture content, can be used to estimate soil moisture constants.
In this study the focus was on models to estimate some soil properties by using data on other known properties of soil. The
penetration resistance values in soils are significantly affected by moisture and the range of this property is wide; it is also easy
to determine. The aim was to estimate moisture constants by using penetration resistance values. The use of digital
penetrologger, which was a very important approach in determining soil moisture constant, would facilitate the use of the
created pedotransfer functions, because the determination of moisture constants take a long time in the laboratory conditions.
The penetration resistance value can be determined instantly in the field using digital penetrologger. However, determination
of soil moisture constants (field capacity and permanent wilting point) takes between 3-5 days in the laboratory. The main
purpose of this study is to determine the moisture constants such as field capacity, permanent wilting point instantly with the
penetration resistance value that you determined during the field reading. In addition, the penetration resistance is highly
influenced by the soil moisture content. So, this study was designed with the idea that penetration resistance can be used as a
variable in the estimation of moisture constants. In this study, models were created according to soil groups with different
textures (sandy, loamy, clay) for moisture constants (0.1, 0.33, 0.5 and 15 bar). Alternative models were produced using other
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soil properties (sand, clay silt, bulk density, CaCO3 equivalent and organic matter) in addition to the penetration resistance to
investigate the effects of other soil properties on models.

2. Material and Methods

The study was carried out over an area of approximately 308,136 hectares of the Atabey, Keciborlu, Gonen, Egirdir,
Gelendost, Yalva¢ and Aksu districts of Isparta province in Turkey. Disturbed and undisturbed surface soil samples (O to
20 cm) were taken in 107 different agricultural fields. At these locations, penetration resistance measurements (PR) were
recorded at different moisture levels. Penetration resistance measurements were made in the field and then some soil samples
were taken and weighed. Samples were placed in storage containers to determine moisture content and brought to the
laboratory. Penetration resistance measurements were performed using penetrologger (Eijkelkamp) in the field. 1 cm? base area
cone-shaped (Cone 60°, NEN 5140) tip was used for penetration measurements. A representative location in the field was
selected and measurements were made there. The soil moisture content was measured across a range spanning from saturated
to dry, and the penetration resistance was noted to determine the moisture-penetration resistance relationship in the field. The
spring rains were expected to determine moisture levels close to saturation. The field part of the study was completed in 2
years. In the spring rains of the first year, sampling and measurements were made in 50 different field. The remaining 57 field
soil measurements was made in the 2™ years. After the excess water was drained in the soil, the penetration resistance measure
and soil moisture determinations started and continued to dry after 3 days in the field conditions. After the first measurements,
moisture-penetration resistance was monitored at representative location. In order to establish the relationship between
moisture and penetration resistance measurements, sampling and measurements were performed 20-30 times at each point.
Some physico-chemical analysis were carried out in the soil (disturbed and undisturbed) brought to the laboratory in the first
sampling. The soils were divided into groups according to the principles of the Soil Survey Manual (1993) as sandy (S, LS),
loamy (SL, L, SiL, Si, CL, SCL, SiCL) and clay (SC, SiC, C) soils. There were determined to be 21 sandy soils, 66 loamy soils
and 20 clay soil groups. Soil moisture content at 0.1, 0.33, 0.5 and 15 bar, and some of their physical and chemical properties
were investigated (Table 1). The moisture content was determined by gravimetric (M) and volumetric (©). The average
moisture content (am), specific to a texture group, was found for each tension pressure (0.1, 0.33, 0.5 and 15 bars). The
penetration resistance values (PRam), which correspond to the average moisture (am), for the soil in the group, were
determined using the PR-moisture graph of the soil. Then, the PRam values of soils in the same group, and the actual moisture
values (M) maintained at that pressure were associated (PRam — M) to obtain the prediction model. In order to express the
penetration resistance measurements made at different moisture levels against a standard moisture level (am), the moisture-PR
data were associated with all soils in each soil group. These relationships were used in the determination of the PR
corresponding to the standard moisture (am), when implementing the estimation models. Then, moisture correction equations
were included in the basic model to obtain the prediction models. In addition, the use of textural fractions (sand, silt, clay) and
some other soil properties (CaCOs, organic matter and bulk density) were also investigated for the prediction of moisture
constants.

Table 1- Soil properties used in the models

Soil BD  Clay st sand Ot 038 05 15 ooen. oM EC
rou grem? % % % bar bar bar bar % % pH  pmhos
grote %) %) (%) (%) o

Min. 1.30 480 755 78.00 1271 940 804 4.06 086 079 537 67
Sandy ~ Max. 158 10.71 16.65 86.74 17.74 1453 1188 7.35 395 185 7.86 696
Mean 140 6.77 1131 8191 1498 1212 1022 547 2.17 118 7.36 173

Min. 1.21 547 490 1087 1452 1117 9.65 6.04 129 087 6.63 101
Loamy Max. 155 3492 7041 7653 29.29 2743 2512 16.78 4527 392 838 1236

Mean 135 2372 3011 4617 2368 2071 1884 1124 1519 1.97 7.70 350
Min. 113 4032 1348 937 2647 2267 1915 129 3.23 139 7.45 156

Clay Max. 149 4949 4339 388 3284 28.99 27.65 1877 4488 35 8.3 725
Mean 132 4288 3214 2508 29.69 2644 23.82 1513 18 212 7.73 389.8

BD; Bulk Density, CaCOs; Lime, OM; Organic matter, EC; Electrical conductivity

A mechanical analysis of the soils was performed using a hydrometer method and moisture content at 0.1, 0.33, 0.5 and 15
bar-determined by using Pressure Plate Apparatus (Demiralay 1993). The pH (Kacar 2009) and electrical conductivity (EC)
(US Salinity Laboratory Staff 1954) were determined in a 1:1 soil-water suspension. The percentage of calcium carbonate
equivalent (CaCOs %) was recorded using a Scheibler calcimeter, and the organic matter content measured by the Walkley
Black method (Kacar 2009). The bulk density and moisture contents were determined according to Demiralay (1993). Minitab
16 statistical software was used to obtain models for moisture constants and to determine the significance levels. The normal
distribution of the data was checked by the Kolmogorov-Smirnov test. Stepwise regression equations were used with all
parameters (sand, silt, clay, CaCOs, bulk density, organic matter and penetration resistance) as vary selection methods. In the
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evaluation of the regression equations, the coefficient of determination (R?), the root means square error (RMSE) and the mean
error (ME) were used (as given Equation 1). These formulas are also widely used in the literatures (Qiao et al. 2018; Santra et
al. 2018).

2
2 4 Li-Y)? _ |ZXeXy _ yn (XeXy
R*=1-50— RMSE = / - ME = ¥, — 1)

The yi term used in the equation is the experimentally determined value, Y is the calculated value from the regression equation,
y is the average of the experimental data, Xg is the actual value, Xt is the estimated value and n is the number of samples. The
properties of the soil used in the testing phase of the models are given in Table 2.

Table 2- Properties of soil used in the models testing phase

Soil arou BD Clay  Silt  Sand 0.1 0.33 0.5 15 CaCOs OM
group grem® % % %  bar (%) bar(%) bar(%) bar(%) % %

Minimum 121 520 7.80 7810 1160  8.29 5.95 435 255 1.05

Sandy Maximum 1.62 1010 1670 84.80 1620 1384 1220 681 920 281

Mean 1.39 8.01 1134 8066 13.77 11.71 9.78 5.38 545 187
Minimum 121 1250 1390 2131 20.12 17.37 14.10 8.95 2.11 13
Loamy Maximum  1.61 38.94 4729 69.60 29.30 27.71 26.60 16.99 2233 359

Mean 142 2646 3167 4186 25.22 22.53 20.33 12.54 844 211
Minimum 121 4040 1210 9.37 29.30 26.60 23.10 15.16 122 117
Clay Maximum 154 6251 41.14 3538 3545 31.95 28.45 19.94 1554 3.82
Mean 136 5271 2854 1875 3241 29.39 26.54 17.62 6.47 197

BD; Bulk Density, OM; Organic matter, CaCOs; Lime

3. Results and Discussion

The moisture constants estimation models obtained for different textured groups are given in Table 3. The coefficient of
determination (R%"), root mean square error (RMSE) and mean error (ME) values were used in the evaluation of the suitability
of the models that are given in Table 3. The coefficient of determination ranged from 0.22 to 0.64 for different soil groups. The
R values were determined to be at low levels during the test phase of the models obtained for sandy soils. This situation,
which is often encountered in different prediction models, is often related to the variability in effective soil characteristics. The
lowest RMSE and ME values were determined for the 0.1 bar gravimetric moisture content (1.16, 0.85%) and 15 bar
volumetric moisture content (1.23, 0.91%) prediction models. The RMSE and ME values were increased from 0.1 bar to 15 bar
for the sandy soils. In the study by Silva et al. (2015), the R? values were found to be 0.41 to 0.73 for 0.33 bar, and 0.58 to 0.75
for the 15 bar moisture content estimation models. In another similar study, the R? value obtained was found to be between
0.23 and 0.85 for moisture constants (Mohanty et al. 2014), which is like in this study. In the comparison of the validity of the
estimation models according to soil groups, the highest R values (0.54-0.64) were obtained for the loamy soils (Table 3).
The models obtained for the loamy soils could estimate the actual moisture content with about a 60% accuracy. In the study by
Keshavarzi et al. (2010), the test phase of the model constructed to estimate the field capacity and wilting point, the R? values
were 0.68 and 0.64, and the RMSE values were 4.46% and 5.21%, respectively. In a study conducted by Esmaeelnejad et al.
(2015), the R?values were 0.79 and 0.87 for the 0.33 and 15 bar prediction models, respectively, and the R? values obtained in
the test phase were 0.68 and 0.77, respectively. It was evident that the test phase R? values obtained in the present study
approximately match the values in published literature. The ME values changed from 1.53 to 5.11% and RMSE from 1.23 to
3.08% for loamy soil groups. In this group, The R? was high, The RMSE and ME were low because the number of samples
was higher than other groups. It is known that the soils in the region were medium structure. The relationships between the
predicted and actual moisture content in the clay soils were determination ranged from 0.48 to 0.54 for the different moisture
tensions. Giilser (2004) determined the R? of the prediction model for the field capacity to be 0.85, while the difference
between the predicted and actual value was 0.92. However, in the study, different soil properties (sand, clay, organic matter,
EC, porosity) were evaluated for the estimation of moisture constants, and predictability was determined by increasing the
number of variables included in the model. In the clay soils, the changes in RMSE, ME and R?™ were close for all soil
moisture tensions. When the gravimetric moisture contents generally were used, higher R#™ and lower RMSE and ME values
were obtained in all soil groups and moisture tensions. Gravimetric moisture content determinations models were more stable
than volumetric moisture content models, because soil bulk density could variable. Busscher (1990) used the moisture content
gravimetrically in his models to estimate the penetration resistance by using the bulk density and water content of the
saturation and soil moisture content properties. The similarity between the soils used in the testing phase and those used in the
model was the reason for the high correlation between the estimated and actual values. Many researchers report that prediction
models are not available for each soil group due to the different characteristics of soils (Mohawesh 2013; Abdelbaki 2018). It
was determined that there was no consistent change in the models due to increased moisture tension for R2 values.
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Table 3- Moisture prediction models

Moisture tension RMSE ME

Soil groups (bar) Models % % Rz
0.1 Y: 16.494[Pry exp((x-0.15)/0.112)]02672 1.16 085 0.46

Sandy 0.33 Y: 12.362[Pr xexp((x-0.12)/0.112)]°4 222  1.88 0.32
(M) 0.5 Y: 9.5247[Pryxexp((x-0.10)/0.112)]04288 276 227 0.22
15 Y: 3.2231[Pryxexp((x-0.055)/0.112)]°07353 274 245 042

0.1 Y: 25.869[Prxexp((x-0.24)/0.172)]°%7 163 1.77 061

Loamy 0.33 Y: 21.113[Prxexp((x-0.21)/0.172)]°345 146 1.75 0.60
(M) 0.5 Y: 17.848[Prx exp((x-0.19)/0.172)] %41t 132 153 0.64
15 Y: 7.5323[Prx exp((x-0.11)/0.172)]°457  1.90 2.05 0.59

0.1 Y 31.508[Prx exp((x-0.30)/0.126)]°1% 175 150 0.54

Clay 0.33 Y: 27.256[Pryxexp((x-0.26)/0.126)]°5 178  1.55 0.50
(M) 0.5 Y: 23.67[Prxexp((x-0.24)/0.126)]0-1748 165 147 052
15 Y: 11.769[Pryexp((x-0.15)/0.126)]°3178 159  1.44 0.54

0.1 Y: 22.88[Prxexp((x-0.21)/0.153)]02%% 288 223 0.39

sandy 0.33 Y: 17.203[Pr xexp((x-0.17)/0.153)]°4563 147  1.08 0.39
©) 0.5 Y: 13.157[Pryexp((x-0.14)/0.153)]°47%5 131  1.06 0.39
15 Y: 5.67737[Prxexp((x-0.08)/0.153)]°428 123  0.91 0.39

0.1 Y 35.248[Pry exp((x-0.32)/0.238)]°2 349 511 054

Loamy 0.33 Y: 28.5537[Prxexp((x-0.28)/0.238)]°3742 308 4.92 0.54
©) 0.5 Y: 24.114[Pry exp((x-0.26)/0.238)]%4168 123 170 0.58
15 Y: 9.9342[Pry exp((x-0.15)/0.238)]%48% 349 511 0.54

0.1 Y: 42571 [Prxexp((x-0.39)/0.178)]°166% 236 199 052

Clay 0.33 Y: 36.387[Prxexp((x-0.35)/0.178)]°1%48 297 253 0.8
©) 0.5 Y: 31.203[Prxexp((x-0.32)/0.178)]°%2%2 215 1.81 051
15 Y: 16.04[Prx exp((x-0.20)/0.178)]02846 153 153 054

©; Models to be evaluated in case of using volumetric moisture content, M; Models to be evaluated in the case of gravimetric moisture content, Y; Moisture
content (%), Pry; Penetration resistance measured in the field (MPa), X; Moisture content of soil measured in the field (kg kg*) / (cm® cm’3), **; coefficient of
determination indicating the relationship between actual data and predictions

The multivariate regression equations obtained by using sand, silt, clay, organic matter, percentage of CaCO3 and bulk
density properties of soils are given in Table 4. It was found that the relationship between the models obtained for all moisture
tensions was statistically significant (P<0.05). The values for R?* were determination from 0.27 to 0.79, for the different soil
moisture tensions and soil texture groups. The determination accuracy of this moisture tension model was 79% by using
organic matter, penetration resistance properties, bulk density clay, sand and CaCO3 for sandy soil 0.1 bar moisture tension.
Gilser (2004) estimated the field capacity and wilting point by using sand, silt, clay, organic matter, EC and porosity
properties, and the validity of the models were calculated to be 85% and 96%. In contrast to the present study, it was
considered that the inclusion of EC and porosity properties in the model increased the accuracy of estimation. The loamy soil
group demonstrated the highest predictability for all moisture tensions across the soil groups. The R?™, RMSE and ME values
for the test phase of the alternative models obtained are given in Table 4. In the general regression models for sandy soil group,
the RMSE values were found to be between 0.78% and 3.55%. The ME value was 0.67 to 3.44% and the R?* value was 0.60
to 0.75. The R? obtained during the model and the R¥™ obtained in the test stage were found to be like each other. The
relationship between the actual values and the predicted values were generally determined at a high level of accuracy by using
general regression models for the sandy soils. For moisture contents of 0.33 and 15 bar, the R?™ values were quite close to
each other, but RMSE and ME values were lower for the 15 bar estimation model. The R?" values were determined to be 0.72,
0.77, 0.71 and 0.74 for the loamy soils, respectively. These estimation models, which were statistically significant (P<0.01),
provided approximately 70% accuracy at all moisture tensions. In a study to estimate soil moisture constants Cemek et al.
(2004) it was reported that the models generated using parameters such as particle size and bulk density would increase the
prediction accuracy. In the general regression models for loamy soil groups, the RMSE values were found to be between 1.38
% and 2.44%. The ME value was 1.19 to 2.15% and the R?" value was 0.10 to 0.82. While the R?* value of the prediction
models created for the moisture content of 15 bar was high, the R?™ value obtained in the test stage was determined at very
low. Although there was a difference of about 2% in the RMSE and ME values, the R was found to be so low. It shows that
there was no regular variation between the predicted and actual values. The relationships between the estimated and actual
values for the clay soils were found to be quite low in general regression models. In the context of regression equations
obtained according the stepwise method are given Table 5. Increases in moisture content had a general tendency to decrease
R?"values for sandy soil. The penetration resistance and the CaCO3 percentage were the main sources at low moisture tension,
while the sand and silt percentage were found to predominantly affect moisture content at 15 bar. For moisture content
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maintained at a soil moisture tension of 0.1 bar, the value of R?" (0.62) obtained by using only penetration resistance, increased
by about 11% with the inclusion of the CaCQOj3 content. In dry soils, the adherence of the particles to each other is high. As the
moisture content increased in the soil, the bond between the particles was weakened by the water layer, thus decreasing the
penetration resistance due to the reduced friction. Aggregation is a factor that increases the water retention property of the soil
(Zibilske & Bradford 2007). The increase in the CaCO3 content affected aggregation (Y1lmaz et al. 2005), this explained the
relationship between water retention and CaCOs. The estimation accuracy of the model was found to be 78% by using
penetration resistance at 0.1 bar along with the percentage of CaCO3 and silt. For moisture content maintained at a tension of
0.33 bar, the predictive accuracy of the models with penetration resistance was only 54%. An increase of 8% was observed by
adding the CaCO3 content to the model (Table 5). It was clear that the sand fraction was very effective in the sandy group. In
the model where sand and silt were present at 15 bar, the R value was determined to be 58%, and the CaCOj3 contribution was
not found to be very effective. The RMSE, ME and R?™ values were determined to be between 0.91 to 4.16%, 0.78 to 4.06%
and 0.01 to 0.51 for sandy soil, respectively. The accuracy of the 0.5 bar moisture content prediction models was determined at
very low levels. It shows that there was no regular variation between the predicted and actual values. The minimum RMSE
(0.91%) and ME (0.78%) determined at 15 bar. Because the wilting point contents of soils were narrow range. In the loamy
soil group prediction models, the maximum R?" values were determined to be 0.71, 0.77, 0.69 and 0.74 for soil moisture
tensions of 0.1, 0.33, 0.5 and 15 bar, respectively (Table 5). The RMSE, ME and R?™ values were determined to be between
1.54 t0 5.08%, 1.17 to 3.97% and 0.63 to 0.82 in the model testing phase, respectively. The R?" value was found to be between
54 to 71% for all moisture tensions when using only the penetration resistance as the independent variable. Penetration
resistance ensured accuracy levels of 65% and 71% for soil moisture tensions of 0.1 and 0.33 bar. In addition to penetration
resistance, the inclusion of organic matter content in the models resulted in an increase of approximately 5%. With the further
inclusion of silt, the accuracy of the models increased to 71% and 77%. Relationship between organic material and water
retention (Yilmaz & Alagdz 2008) was increased the R?". An increase of 5% and 7% was determined in the R?" values
following the inclusion of the sand content for models at soil moisture tensions of 0.5 and 15 bar. The negative correlation
between sand content and moisture content (Pan et al. 2012) has also shown an effect on models in this current study. It was
observed that sand was more effective than organic material. The validity of the models for loamy soils were very high. As the
number of samples was high, soil characteristics were different, and this affected the result. In the clay soil estimation models,
the R values were found to be 0.37, 0.33, 0.21 and 0.46 (Table 5). As the other soil groups, penetration resistance and bulk
density were the most effective of the independent variables. In addition to penetration resistance, the bulk density added to the
model resulted in an increase of about 8% (in R?" value) for the 15 bar moisture content estimation model. Minasny (2009),
determined the R? value to be 0.81 and 0.88 by using the sand content and bulk density properties of soil for the estimation of
the field capacity. The RMSE, ME and R?™ values were determined to be between 1.57 to 1.96%, 1.29 to 1.59% and 0.32 to
0.51, respectively. The validity of the models was very low for clay soils. The distribution of soil samples is generally loamy
texture. The clay soil texture groups are not very common in the region, the number of sampling was low. The more soil
samples could increase the R2. In addition, the number of loamy texture group sample was high. Their relationships were
higher than the other groups.

Table 4- Regression equations for moisture constants according to soil groups

Moisture
tension Sandy Soil R | RMSE ME R?™
(bar)
0.1 =19.4+0.21a-0.114b-0.107c+0.413d+0.626e+4.44f 0.79 35 344 0.75
0.33 = -3.6+4.20a-0.055b+0.044¢+0.536d-0.24e+5.97f 0.66 2.76 261 064
0.5 =-7.9+5.8a+0.07b+0.046¢+0.406d-0.33e+4.52f 0.59 2.64 2.17 0.46
15 = 29-0.63a-0.169b-0.274c+0.330d-0.423e+0.182f 0.64 0.78 0.67 0.60
Loamy Soil
0.1 =13.429+0.63a+0.0157b+0.0534¢+0.0092d+0.789e+8.01f 0.72 2.44 2.03 045
0.33 =11.4-0.89a+0.0290b+0.0580c-0.0151d+0.751e+6.94f 0.77 2.38 215 043
0.5 = 9.55-0.87a+0.0486b-0.0682c-0.0204d+0.721e+5.23f 0.71 1.38 119 0.82
15 = 3.78-0.17a+0.0631b+0.0757¢-0.0031d+0.392e+1.29f 0.74 2.43 2.02 0.10
Clay Soil
0.1 = 28-4.11a+0.0036b+0.120c-0.0542d+0.018e+4.53f 0.48 4.22 3.72 0.3
0.33 = 26.6-1.95a+0.0105b-0.09¢-0.0230d-0.558e+4.94f 0.37 2.65 220 0.36
0.5 = 25.6-4.67a+0.0112b+0.041c-0.0232d-0.580e+3.91f 0.27 1.86 162 0.33
15 =19.7-6.55a-0.0245b-0.002¢-0.0186d+0.267e+2.12f 0.50 1.91 166 0.55

a: bulk density (g cm™) b: clay %. c: sand % d: CaCOz % e: organic matter % f:penetration resistance (MPa)

* coefficient of determination obtained during the creation of models, ** coefficient of determination indicating the relationship between actual data and
predictions
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Table 5- Stepwise regression equations for moisture constants according to soil groups

Moisture Tension

(bar) Sandy Soil
R% RMSE ME RZ™
1=10.976 +5.64a 0.62
2—
0.1 =9.965 + 5.57a + 0.49b 0.74 416 4.06 051
3=90.430 +4.54a +0.41b + 0.78
0.121c )
a:penetration resistance (MPa), b: CaCOz %, c: silt %
1=7.105 + 5.2a 0.54
0.33 2=6.075 +5.2a+0.47b 0.62 2.98 2.78 0.44
a:penetration resistance (MPa), b: CaCOz %
1=6.246 + 3.38a 0.37
2=
05 =-2.930 + 4.10a + 5.9b 0.51 2.00 1.60 0.01
3=-4.032+4.17a+6.1b+ 058
0.37c '
a: penetration resistance (MPa), b:bulk density (g cm®), c: CaCO3 %
1=28.08 - 0.275a 0.48
2= -
15 =16.775 - 0.158a + 0.145h 0.58 0.91 078 043
8=13.124 - 0.122a + 0.150b 0,59
+0.28c '
a: sand %, b:silt %, c: CaCO3%
Loamy Soil
1=16.08 + 10.14a 0.65
01 2=14.91+ 8.94a +1.06b 0.69 1.70 1.25 0.76
' 8=14.53+8.06a+0.82b+0.050c 0.71
a: penetration resistance (MPa), b:organic matter %, c:silt %
1=12.28 +8.59a 0.71
0.33 2=11.17 +7.60a+ 1.07b 0.75 1.60 144 0.76
8=10.75+6.88a+0.83b+0.052¢c 0.77
a: penetration resistance (MPa), b:organic matter %, c:silt %
1=11+6.68a 0.62
2= -
05 =15.59+ 5.62a - 0.072b 0.68 154 117 0.82
8=13.76 + 5.25a - 0.057b + 0.69
0.78c )
a: penetration resistance (MPa), b:sand %, c: organic matter %
1=7.44+1.79 a 0.56
15 2=11.595+1.36a - 0.080b 0.73 5.08 3.97 0.63
3=1.29+8.07a- 0.071b+ 0.41c 0.74
a: penetration resistance (MPa), b: sand %, c: organic matter %
Clay Soil
0.1 1=26.44 + 5.1a 0.37 1.68 143 0.51
0.33 1=22.69 + 4.5a 0.33 1.96 1.59 0.32
0.5 1=20.03 + 3.6a 0.21 1.57 1.29 0.32
1=10.65 + 2.04a 0.38
15 2=17.64 + 2.29a-5.7b 0.46 157 129 0.32

a: penetration resistance (MPa), b: bulk density (g cm)

* coefficient of determination obtained during the creation of models, ** coefficient of determination indicating the relationship between actual data and
predictions

4. Conclusions

The main scope of this study was to predict moisture constants through penetration resistance. Then, in the regression models
obtained using some other properties of the soils. The most accurate relationships predict moisture constants through
penetration resistance were determined for the loamy soils at all soil moisture tensions. The 0.1 bar moisture content estimation
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model of the sandy soils indicated a 75% accuracy in general linear regression. In the loamy soil group can be predicted at an
accuracy of 63% to 82% in stepwise regression models. In the clay soils group, the highest R#" and the lowest RMSE and ME
values were found to be at 15 bar. In addition, it was found that the most effective parameter included in the model as an
independent variable for all soil groups was the penetration resistance of the models formed using the stepwise method. As a
result of testing alternative models, the recommendation for the estimation of field capacity was to use the 0.1 bar general
regression model for sandy soils, and the 0.33 bar stepwise model for loamy soils. Consequently, there were differences in the
reliability of the models according to the texture of the groups. More accurate relationships were obtained for the loamy soils.
Moisture constants can be estimated by using penetration resistance, but more reliable models are produced by adding organic
material, sand and silt to the models.
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