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Abstract. This paper was focused on determining whether gravimetric sampling and 
impedance method of measuring soil moisture content provided different results and if 
they did, what was the size of the differences between particular methods on rendzinas 
and cambisols. The means of moisture content should be equal when using both methods 
on similar spots. During the research, an Eijkelkamp Penetrologger penetrometer 
equipped with impedance probes and gravimetric sampling cylinders from Eijkelkamp 
were used. The samples were taken from the undisturbed stand, ruts, and the centre of 
the skid trail. The impedance probes were inserted six centimetres deep into the soil. 
Soil samples were taken from similar depth in order to calculate the moisture content 
through the gravimetric method. 138 measurements were carried out for each method. 
The minimal difference of moisture contents measured by individual methods was 
0.01%, maximal difference was 22.06%, and on average it was 7.42%. Oneway ANOVA 
was used for fi rst stage analysis of the statistical sample. It proved that the differences 
between measurements were statistically signifi cant in two out of three considered 
stands. Tukey’s HSD test was used to identify which data groups contributed to refut-
ing the aforementioned hypothesis. The test showed that in one stand all relevant pairs 
of data were signifi cantly different, while in the other stand only data pairs from the 
ruts were signifi cantly different. The calibration method provided by the producers did 
not refi ne the accuracy of the impedance probes suffi ciently and different calibration 
procedures have to be used.
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Introduction

Soil moisture content is one of the most 
important factors when considering deploy-
ing ground based machines in forest stands. 
Negative effects, mostly caused by inade-
quate selection of forest harvesting technol-
ogy or machines, show in rutting and sub-
sequent forest harvesting erosion (Ferenčík, 

2011a; Ferenčík, 2011b). When using ground 
based forest harvesting machines, the 
machine presses its tyres into the soil sur-
face and creates ruts. Their depth and width 
depends on the type of tyre, the weight of 
the load and the machine itself, the mois-
ture content of soil, the state of soil surface 
and the number of passages (Gerasimov 
& Katarov, 2010). The disturbance of soil 
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profile is usually defined as mixing or 
removal of the humus layer or the soil 
itself. This causes change of soil’s physical, 
chemical and biological properties (Flinn & 
Bales, 1990). Disturbance of the soil profi le 
causes change of soil’s bulk density, which 
affects the soil characteristics (Rab, 1994), 
reduces and redistributes the organic mate-
rial (Anderson et al., 1992; Ryan et al., 1992), 
modifi es the macroporosity and hydraulic 
conductivity of soil (Rab, 1994). Loss of 
top soil horizons can therefore reduce tree 
growth (Farrish, 1990). Minimizing forest 
harvesting erosion is vital for keeping sta-
ble ecosystems. For an effi cient prevention, 
it is necessary to restrict the uncontrolled 
machine traffi c in forest stands by using 
preventive methods (Sklenar, 2008).

All operations connected with forest 
harvesting cause disturbances to the top 
layer of soil (Nemestothy, 2009). To be able 
to manage forests in a sustainable way, it is 
necessary to ensure long-term protection of 
forest soils (Uhl et al., 2003). Soil moisture 
content has substantial effects on soil’s car-
rying capacity (Poršinsky et al., 2006). Rab 
et al. (2005) found that the critical moisture 
content, at which maximal compaction 
occurs, is in a range of 39 to 49.2% for top 
soil horizons and in a range of 24 to 48.5% 
for lower horizons. In general, forest har-
vesting frequently takes place in unsuitable 
climatic conditions. The seasonal effects and 
climatic phenomena (precipitation, temper-
ature, and underground water levels) affect 
soil moisture content, thus affecting its car-
rying capacity (Šušnjar et al., 2006).

To ensure minimization of top soil layer 
disturbance during the forest harvesting it 
is necessary to accurately measure the mois-
ture content of soil as a factor, which sig-
nifi cantly affects the susceptibility of soil to 
such disturbance, and only after evaluating 
the moisture conditions make the decision 
about deploying ground based machinery 
in the forest stands. In order to make a jus-
tifi ed decision, the forest managers need 
to accurately measure the soil moisture 
content.

There are several methods of measuring soil 
moisture content. The standard method is 
gravimetric sampling, which requires hav-
ing information on the weight of the sample 
before and after drying and subsequent cal-
culation of moisture content (Kaleita et al., 
2005; Cosh et al., 2005).

One of the possibilities is to use the 
impedance method. This method requires 
use of specifi c equipment capable of mea-
suring the soil impedance – impedance 
probes attached to a computational unit, e.g. 
penetrometer. The impedance probe mea-
sures volumetric soil moisture content, by 
responding to changes in apparent dielec-
tric constant of moist soil (Roth et al., 1992). 
Processing unit converts the changes in 
the dielectric constant (in mV) to moisture 
content through formula (1), because it was 
found by Whalley (1993) and White et al. 
(1994) that soil moisture content is propor-
tional to the refractive index of the soil. To 
be able to compute the soil moisture content 
precisely, the parameters of the regression 
line have to be calculated from calibration 
on gravimetric samples.

√ε = a0 + a1 × θ 
__

  (1) 

√ε – dielectric constant, a0 – coeffi cient for 
dry soil, a1- coeffi cient for moist soil, θ – 
moisture content of soil.

Several other formulas exist for calculation 
of soil moisture content from the soil imped-
ance (Fares et al., 2011). Using this method 
is popular, because the measurements are 
easy to carry out and the results are avail-
able instantaneously and in digital form.

Our goal was to identify whether using 
the impedance method would be a suit-
able substitute for the gravimetric sam-
pling method. The aim was to determine 
whether there are any differences between 
the moisture content measured by gravi-
metric sampling and by the impedance 
probes, calibrated according to the manu-
facturer’s specifi cations. If there are any 
differences between the results obtained by 

__
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each method, we wanted to fi nd whether 
the size of these differences is negligible 
or the impedance probes need to be cali-
brated further. We determined the signifi -
cance of possible inaccuracies of the imped-
ance method by statistically evaluating the 
results provided by individual methods on 
rendzinas and cambisols. Measuring soil 
moisture content accurately is vital for the 
forest managers, because even a slight dif-
ference between the measured soil moisture 
content and actual soil moisture content can 
have massive negative impacts on the eco-
system. These negative impacts can occur 
when the soil moisture content is near the 
Atterberg plasticity limits, which deter-
mine the threshold of solid/plastic state 
of soil. If the decision about harvesting in 
these conditions is based on an inaccurate 
measurement of soil moisture content, the 
forest harvesting machines would cause 
irreparable damage to forest soils (plastic 
deformation) and their passages would 
result in the formation of deep ruts, render-
ing subsequent activities ineffi cient and in 
numerous cases infeasible (Sever & Horvat, 
1981). Gravimetric sampling is considered 
the most accurate method currently used in 
moisture content determination. However, 
conducting a survey using the gravimet-
ric sampling method whenever the forest 
managers are uncertain about deploying 
ground based machines in the forest stands 
would be labour intensive, time consuming, 
costly, and it would not be effective, because 
moisture content is a dynamic process and 
it takes more than 24 hours to obtain results 
from gravimetric sampling, rendering them 
obsolete in many cases. It would be easier 
if forest managers used a different, but suf-
fi ciently accurate method, for example the 
impedance method.

Material and Methods

Study area
The study was conducted in three stands 
in Slovakia and the Czech Republic. The 

total area of the stands was 21.13 ha (211,300 
m2). Detailed characteristics of the forest 
stands are shown in Table 1. Both tracked 
and wheeled cut-to-length (CTL) machines 
operated in the stands. Slovak National 
Forestry Centre provided a GIS database, 
which enabled us to identify the soil types 
in the individual forest stands and the geo-
graphical coordinates of the forest stands.

Stands no. 187c20 and 188 had similar 
natural conditions, rendzina soils, and were 
a part of the same forest district. In both 
cases, the harvesting squad carried out a 
thinning. Stand no. 805j13 was situated in 
forest district Konopište (Czech Republic) 
and the soil type was cambisol. The har-
vesting squad carried out a clear cut in this 
stand.

Data collection
An Eijkelkamp Penetrologger penetrom-
eter, equipped with an impedance probe 
(Theta Probe) (Manufacturer: Eijkelkamp 
Agrisearch Equipment, Netherlands; pur-
chased from: Ekotechnika, s.r.o., Czech 
Republic, year of purchase: 2010) was used 
to conduct the soil impedance measure-
ments throughout the study. Technical 
specifi cation of the Theta probe is shown 
in Table 2. The probes were calibrated 
according to the specifi cations of the man-
ufacturer. The calibration process is avail-
able in Appendix 1 of the Eijkelkamp ML3 
ThetaProbe user manual (Eijkelkamp, 2013). 
A soil sample from each stand was collected 
prior to main measurements to provide cali-
bration data. Before we inserted the imped-
ance probe into the soil we removed the 
litter from the surface, as this would affect 
the outcome of the measurements. The 
impedance probe was inserted into the soil 
vertically, so that the whole prongs were 
covered by soil (approximately 6 cm deep). 
The voltage measurement was recorded, the 
probe was removed and a soil sample was 
taken from a nearby spot.

Kopecky cylinders are standard instru-
ments used for soil sampling. The set con-
sists of multiple sealable sampling cylinders 
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Table 1.  Basic characteristics of stands where the research took place. SM – Picea abies, BO – Pinus sylvestris, 
SC –  Larix decidua. 

Stand 187c20 188 805j13

GPS coordinates 48°58’6.31”N
18°39’15.40”E

48°58’5.55”N
18°39’24.47”E

49°49’59.69”N
14°46’25.71”E

Area (m2) 58,900 125,200 27,200

Soil rendzina rendzina cambisol

Slope (%) 40 30 12

Tree species SM 60%, BO 40% SM 90%, BO 10% SM 95%, SC 3%, BO 2%

Average stem volume (m3) SM 0.07, BO 0.04 SM 0.07, BO 0.04 SM 0.95, SC 1.90,
BO 1.76

Age 30 30 121

Total harvest (m3) 90 190 892

Type of harvest thinning thinning Clear cut

Exposition SW S –

Season of harvest June-July 2013 June-July 2013 August 2013

Machines Harvester NEUSSON 
132 HVT (tracked)
Forwarder NOVOTNÝ 

(wheeled)

Harvester NEUSSON 
132 HVT (tracked)
Forwarder NOVOTNÝ 

(wheeled)

Harvester PONSSE Ergo 
(wheeled)

Forwarder PONSSE 
Buffalo (wheeled)

Share of skid trails covered 
with harvesting debris

33% 67% 55%

Average height of the pile of 
the harvesting debris on the 
skid trail (cm)

rut – 9
centre – 33

rut – 11.6
centre – 30.9

rut – 11
centre – 23.3

 Table 2.  Technical specifi cations of the impedance probes used during research.

Characteristic Specifi cations

Type ML3

Range Accuracy fi gures apply from 0.05 to 0.6 m3 m-3. Full range from 0.0 to 1.0 m3 m-3

Accuracy ± 0.01 m3 m-3, 0 to 40  °C ± 0.02 m3 m-3, 40 to 70°C after calibration to a specifi c 
soil type

Soil salinity errors 0.0 to 250 mS m-1, < -0.0001 m3 m-3 change per mS m-1, 250 to 2,000 mS m-1, no 
signifi cant change

Soil sampling 
volume

>95% infl uence within cylinder of 4.0 cm diam., 6 cm long, (approximately 75 cm3), 
surrounding central rod

Environment Will withstand burial in wide ranging soil types or water for long periods without 
malfunction or corrosion (IP68 to 5 m)

Stabilization time 1 to 5 sec. from power-up, depending on accuracy required

Response time Less than 0.5 sec. to 99% of change

Duty cycle 100% (continuous operation possible)
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(volume 100 cm3, length 50 mm, outer dia-
meter 53 mm), cylinder holder and a carrying 
case. Before taking the sample the cylinder 
was inserted into the holder. The cylinder 
was then pressed into the soil, until it was 
fi lled with soil. The gravimetric samples 
were not taken from the same place where 
the impedance measurements were carried 
out, as this would affect the gravimetric sam-
pling measurements. The soil samples were 
taken near the place of the soil impedance 
measurements (approximately 5–10 cm away 
from the place of the soil impedance mea-
surement). Subsequently the cylinders were 
hermetically sealed and taken to the labora-
tory for further analyses. Raw samples were 
weighed on laboratory scales with resolution 
of 10 mg, placed into a laboratory drier, and 
dried for 24 hours at 105 °C. After drying the 
samples were weighed again and from the 
weight difference of the samples the mois-
ture content was calculated. The following 
formula was used (Hraško et al., 1962):

θ = _____ × 100
a–b
V                               

(2)

θ (%) – volumetric moisture content, a (g) – 
weight of raw soil sample, b (g) – weight of 
dried soil sample, V (cm3) – volume of the 
sampling cylinder.

We used both methods at every measure-
ment location.

The gravimetric sampling and imped-
ance measurements were carried out in 
sample plots established across the stand 
based on the requirements of statistical 
sampling and the variability of the natural 
conditions in the stands (Scheer, 2010). In 
general the area of the sample plots was 
10% of the total area of the stand in stands 
up to 50,000 m2. In stands larger than 50,000 
m2, the area of the sample plots was 5% of 
the total area of the stand (Lukáč, 2005). The 
sample plots were located on skid trails dis-
turbed by the machine traffi c. The dimen-
sions of the sample plots were 20 x 20 m. 
The sample plots were selected primarily 
because besides soil disturbance, we also 

studied the damage to the remaining stand 
(not the subject of this paper).

The following equation was used to cal-
culate the sample size (Šmelko, 2007):

i% = _____ 
 n × p

P                   
(3)

i% – sampling intensity, n × p – dimensions 
of all sample plots (m2), P – dimensions of 
the stand (m2).

The following equation was used to deter-
mine the spacing between the individual 
sample plots (Šmelko, 2007):

s = 100 × √ __P
n

    
(4)

s – spacing between sample plots, P – stand 
area (m2), n – number of sample plots.

The measurement locations for soil dis-
turbance were positioned on two oppos-
ing sides of each plot, and were located 
on the skid trail. The measurement loca-
tions were: (i) in the ruts of the skid trail 
(one side); (ii) the centre of the skid trail 
(between the individual ruts); (iii) the undis-
turbed stand (control measurements). This 
allowed collection of two sets of material on 
one sample plot and a total of six samples 
for each method. In stand no. 805j13 a clear 
cut was carried out, rendering establishing 
sample plots unnecessary. In this stand the 
moisture content was measured on mea-
surement sites positioned on the skid trails 
with spacing of 5 m (Schürger, 2012). The 
measurement locations were the same as 
for the sample plot method, i.e. ruts, centre 
and undisturbed stand. The total number 
of measurements was 138 for each method.

The STATISTICA 10 program was used 
to process the data. Univariate analysis of 
variance (Oneway ANOVA) analysis served 
to evaluate the differences between results 
provided by both methods. The number of 
samples was the same for both measure-
ment methods, thus we used the Tukey’s 
HSD test to evaluate, which data groups 
contributed to rejecting the hypothesis of 
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equality of moisture contents provided by 
the gravimetric sampling and impedance 
methods. Linear regression and correla-
tion analysis was used to identify whether 
there is a relationship between the results 
obtained from gravimetric sampling and the 
soil impedance methods.

Results

We conducted statistical analyses on the 
data from individual stands. ANOVA 
proved the size of differences of data 

provided by individual methods was sta-
tistically signifi cant in stands no. 187c20 
and 805j13 (Table 3). In stand no. 187c20, 
the soil moisture content measured by 
the gravimetric sampling was higher than 
moisture content measured through the 
impedance method (Figure 1). In the ruts, 
both methods showed increased moisture 
content. The greatest difference between 
data from individual methods was 20.23% 
in the rut location (Figure 2). In stand no. 
805j13, the size of difference of soil mois-
ture content observed by individual meth-
ods was smaller. Due to the smaller size of 

Comparison of the gravimetric sampling and impedance methods for measuring soil moisture content

  Table 3.  Results of ANOVA for each stand. Statistically signifi cant values are marked with bold typeface. 

SS – Sum of squares, DF – degrees of freedom, MSS – Mean squares, F – F statistic, p – p value.

Stand no. Effect SS DF MSS F p
187c20 Absolute term 38,882.84 1 38,882.84 818.40 0.00

Moisture content 1,129.63 1 1,129.63 23.78 0.00

Error 3,325.76 70 47.51
188 Absolute term 130,088.3 1 130,088.3 912.49 0.00

Moisture content 1,996.1 1 1,996.1 14.00 0.00

Error 20,244.1 142 142.6
805j13 Absolute term 19,707.31 1 19,707.31 774.81 0.00

Moisture content 62.83 1 62.83 2.47 0.12
Error 1,475.23 58 25.44
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Figure 1.  3D scatter plots showing the development of moisture content measured through gravimetric 
sampling (a) and the impedance method (b) in the undisturbed stand, rut, and centre of the skid 
trail locations in stand no. 187c20. Quadratic trend line added to illustrate the overall differences 
between gravimetric sampling and impedance method.
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the statistical sample, the effect of variabil-
ity of data was more infl uential (Figure 3). 
The maximal difference between data from 
individual methods was 8.10% in the ruts of 
the skid trail (Figure 2). In stand no. 188, the 
differences of data provided by individual 
methods were statistically insignificant 
(Figure 4). The maximal moisture content 
(54.90%) and moisture content difference 
were measured in the ruts of the skid trail 
(Figure 2). Detailed results obtained by 
using gravimetric sampling and the imped-
ance methods are shown in Table 4.

The mean moisture content recorded 
with the impedance probes was 22.48% 
(Stan dard deviation – SD: 10.74%). The 
mean moisture content provided by the 
gravimetric sampling method was 28.88% 
(SD: 10.88%). In the undisturbed stand, the 
mean moisture content measured with the 
impedance probes was 16.76% and 22.77% 
when measured by gravimetric sampling. 
In the ruts, the average moisture content 
recorded with the impedance probes was 
30.28% and 36.44% when calculated from 
the soil samples. In the centre of the skid 
trail, the mean moisture content recorded 

by the impedance probes was 20.41%. The 
moisture content calculated from the soil 
samples was 27.44%.

The difference between results provided 
by individual methods was 7.43% overall, 
which was caused mainly by combining 
the dissimilar data from individual stands. 
When looking at the size of differences of 
data provided by the gravimetric sampling 
method and the impedance method, greater 
differences show in stands no. 187c20 
(8.57%) and 188 (8.53%) and smaller dif-
ferences show in stand no. 805j13 (3.39%). 
The smaller size of differences of data pro-
vided by the compared methods in stand 
no. 805j13 could be caused by the height of 
pile of harvesting debris on the skid trail.

Overall the lower moisture content 
was observed on data from the impedance 
method than was observed when using the 
gravimetric sampling method, with the 
exception of data from ruts. The soil imped-
ance data also showed greater variability, 
with SD almost twice as high as SD of the 
gravimetric data.

The results of the Tukey’s HSD test 
showed that in stand no. 187c20 all relevant 
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Figure 2.  The size of differences between impedance method and gravimetric sampling method in all of the 
stands.
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Table 4.  Moisture content (%) in individual stands and particular measurement places. SD – standard 
deviation (%), GS – gravimetric sampling method, IM – impedance method.

Total Stand Ruts Centre
Mean SD Mean SD Mean SD Mean SD

187c20 GS 27.20 6.23 22.95 2.36 32.33 7.12 26.32 4.24
IM 19.28 7.50 15.25 3.17 25.08 9.49 17.50 4.56

188 GS 33.78 11.58 23.90 3.77 45.85 7.78 31.60 8.98
IM 26.33 12.29 17.29 6.25 38.29 7.98 23.42 10.95

805j13 GS 19.15 4.79 19.83 6.57 18.79 4.21 18.81 3.52
IM 17.10 5.28 17.30 7.82 17.30 4.40 16.70 3.02
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Figure 3.  3D scatter plots showing the development of moisture content measured through gravimetric 
sampling (a) and the impedance method (b) in the undisturbed stand, rut, and centre of the skid 
trail locations in stand no. 805j13. Quadratic trend line added to illustrate the overall differences 
between gravimetric sampling and impedance method.
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Figure 4.  3D scatter plots showing the development of moisture content measured through gravimetric 
sampling (a) and the impedance method (b) in the undisturbed stand, rut, and centre of the skid 
trail locations in stand no. 188. Quadratic trend line added to illustrate the overall differences 
between gravimetric sampling and impedance method.
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pairs of data were signifi cantly different. In 
all measurement places (undisturbed stand, 
rut, and centre of the skid trail), the imped-
ance method provided signifi cantly differ-
ent results than gravimetric sampling. In 
stand no. 805j13, we found that only mea-
surements in ruts showed signifi cant differ-
ences. In stand no. 188, none of the relevant 
pairs of data were signifi cantly different. 
Table 5 shows the results of the Tukey’s test.

Linear regression and correlation analy-
sis performed on data from all forest stands 
combined showed a strong relationship 
between the results obtained from gravi-
metric sampling and soil impedance meth-
ods (R: 0.85; R2: 0.72; p < 0.00).

Discussion

Cosh et al. (2005) found that the impedance 
probes calibrated according to the manufac-
turer’s instructions have an error of ± 5% of 
the volumetric soil moisture. Field specifi c 
calibration reduced the error to less than 
4%. Gaskin & Miller (1996) and Miller et al. 
(1997) reported similar results. Their results 
regarding the error of impedance probes 
correspond with our fi ndings. Although the 
coeffi cient of correlation was high, and the 
relationship between results obtained from 
both methods correlate strongly, the size of 
differences between results provided by both 
methods in this study was about 7.43% on 
average (Figure 5). The impedance method 
provided signifi cantly different results at 
least in conditions mentioned in this paper 
(soil type rendzina and cambisol). General 
calibration procedure provided by the man-
ufacturer of the impedance probes used in 
this study did not refi ne the accuracy of the 
impedance probes suffi ciently and other 
ways of calibrating the probes would be nec-
essary, if the results were to be accurate. The 
Literature on this topic is sparse, but there 
are authors who developed site-specifi c cali-
bration protocols, some of which are applica-
ble for use in the fi eld. Most of the calibration 
protocols are based on calibration through 

regression with the data from numerous 
gravimetric samples (Tsegaye et al., 2004; 
Hornbuckle & England, 2004). The calibra-
tion procedure can be also adapted from 
calibration of capacitance probes (Morgan 
et al., 1999; Geesing et al., 2004; Kelleners et 
al., 2004) and Time-domain refl ectometry 
(TDR) probes (Walker et al., 2004). Kaleita et 
al. (2005) recommends calibrating the imped-
ance probes on at least 20 soil samples.

Conclusions

This paper is based on comparison of two 
most used methods for determining the 
moisture content of soils – gravimetric sam-
pling and impedance methods. The study 
was conducted in three forest stands, from 
which soil samples were taken into Kopecky 
cylinders and soil impedance was mea-
sured through Theta probes attached to 
the Eijkelkamp Penetrologger penetrom-
eter. The data was then statistically evalu-
ated through the ANOVA analysis and the 
Tukey’s HSD test. The results of the analy-
ses showed that statistically signifi cant 
differences between individual methods 
appear in two out of three stands consid-
ered. In one stand, the differences between 
data provided by the individual methods 
were not signifi cant. The calibration proce-
dure provided by the producer of the Theta 
probes did not suffi ciently refi ne the accu-
racy of the impedance method in some soil 
types. That is the reason why the impedance 
probes have to be calibrated for specifi c con-
ditions of individual stands.

During the study, variability of soil con-
ditions was not considered. In stand no. 
805j13, the presence of harvesting debris 
was not considered.
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 Table 5.  Results of the Tukey’s HSD tests carried out on data from individual stands. Statistically signifi -
cant values are marked with bold typeface, GS – gravimetric sampling method, IM – impedance 
method, S – the undisturbed stand, R – rut, C – the centre of the skid trail.

Stand no. Factor GS S GS R GS C IM S IM R IM C
187c20 GS S 0.002070 0.698423 0.018401 0.940937 0.193052

GS R 0.002070 0.116130 0.000130 0.031403 0.000130

GS C 0.698423 0.116130 0.000274 0.994793 0.004391

IM S 0.018401 0.000130 0.000274 0.001131 0.926926
IM R 0.940937 0.031403 0.994793 0.001131 0.021161

IM C 0.193052 0.000130 0.004391 0.926926 0.021161

188 GS S 0.000020 0.010143 0.045490 0.000020 0.999944
GS R 0.000020 0.000020 0.000020 0.012561 0.000020

GS C 0.010143 0.000020 0.000020 0.040619 0.004829

IM S 0.045490 0.000020 0.000020 0.000020 0.080641
IM R 0.000020 0.012561 0.040619 0.000020 0.000020

IM C 0.999944 0.000020 0.004829 0.080641 0.000020

805j13 GS S 0.997682 0.997887 0.884267 0.884267 0.758746
GS R 0.997682 1.000000 0.987352 0.987352 0.945200
GS C 0.997887 1.000000 0.986642 0.986642 0.943249
IM S 0.884267 0.987352 0.986642 1.000000 0.999851
IM R 0.884267 0.987352 0.986642 1.000000 0.999851
IM C 0.758746 0.945200 0.943249 0.999851 0.999851

Figure 5.  Scatterplot depicting a linear relationship between measurements by gravimetric and impedance 
method in all stands combined; IM – impedance method, GS – gravimetric sampling.
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