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Relationship between electrical conductivity and water
content in peat growth medium

Turpeen puristenesteen séhkonjohtavuuden riippuvuus vesipitoisuudesta

Risto Rikala & Juha Heiskanen

INTRODUCTION

Risto Rikala & Juha Heiskanen, The Finnish Forest Research Institute, Suonenjoki
Research Station, FIN-77600 Suonenjoki, Finland (e-mail risto.rikala@metla.fi)

The relationship between electrical conductivity (EC) of press-water extract and water
content (WC) of peat growth medium at desorption was studied. A simple time-domain
reflectometer (TDR), traditional laboratory conductivity meter and gravimetric weigh-
ing were used to measure EC and WC. The relationship between EC values measured
with a laboratory conductivity meter from press-water extract and those measured with
TDR directly from peat medium was curvilinear. The relationship between WC of peat
measured with TDR and that determined gravimetrically, although nearly linear, was
slightly sigmoidal. Empirical curve between EC values and WC values measured with
TDR was close to the theoretical curve, which was calculated on the basis of increase in
ion concentration at desorption. Transformed EC values of press-water extract were
higher than the theoretically calculated values. For comparison of EC values measured
from press-water extracts in various water contents, transforming coefficients were
derived.
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extracting saturated medium is one of the most
common and recommended methods (Bunt 1988,

The soil solution that surrounds the root system
of plants is crucial for growth and is thus one of
the most critical factors to be monitored when tree
seedlings are cultured (Landis 1989). Mineral nu-
trients present in the solution are indicated by the
total salt concentration, which in turn is propor-
tional to the electrical conductivity (EC) of the
solution. In horticulture and in nurseries where
tree seedlings are grown in containers, EC is wide-
ly used for monitoring the nutrient level of growth
media.

The EC of a growth-medium solution can be
monitored by several methods. The procedure for

Landis 1989). This consists of adding enough dis-
tilled water to a sample of growth medium to reach
the saturation point; and after it is allowed to
equilibrate for 1.5 h, the solution is extracted with
avacuum filter (Warncke 1986). In Finland, how-
ever, to avoid saturation and vacuum-extraction,
the growth-medium solution is normally squeezed
physically from peat medium at the actual water
content (WC) in situ (Puustjarvi 1979). In order
to compare the EC values of the press-water ex-
tract in different samples, the samples should be
taken from media that have the same WC. There-
fore it is recommended that samples of peat should
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contain optimum water content, 45-50% (VV)
(Viljavuustutkimuksen ... 1996). However, this
is not always possible (e.g. because of rain). There-
fore, for comparison of EC values, they should
first be transformed to correspond to the EC value
at a certain fixed WC.

In container culturing, the WC of peat medium
has traditionally been estimated gravimetrically
by weighing the mass of the seedling tray (Rikala
1985, Landis 1989), but so far the EC-transform-
ing coefficients have been determined for only a
relatively narrow range of WC (Puustjirvi 1979).
In recent years, by using time-domain reflecto-
metry (TDR), the WC (e.g. Topp et al. 1984,
Paquet et al. 1993) and the EC (e.g. Dalton et al.
1984, van Loon et al. 1990 ) of soil can be meas-
ured simultaneously. TDR cannot, however, be
used in container tree nurseries because, so far,
the probes have been too large to be inserted into
small containers.

The aim of this study was to determine how
EC measured from press-water extract depends
on the WC in peat at desorption. This relationship
was estimated by using a simple TDR instrument,
which was calibrated against EC values for press-
water extract measured with a laboratory conduc-
tivity meter and against WC values measured
gravimetrically. Furthermore, transforming coef-
ficients were estimated for comparison of EC val-
ues measured from press-water extracts taken
from peat with various water contents.

MATERIAL AND METHODS
Experiment 1

In Experiment 1 (Expt. 1) two methods, conduc-
tivity meter and TDR, were compared in order to
ascertain how well they measured EC from growth
medium. EC was measured: 1) from the press-
water extract of peat samples with a conductivity
meter (CDMB80, Radiometer, Denmark, accuracy
1 0.35% of reading) using temperature calibra-
tion to 25°C, and 2) directly from peat medium
with a simple TDR instrument. According to the
manufacturer (Rockwool TFDL Watergehalte-
meter, Rockwool/Grodan BV, The Netherlands),
the measurement range of the TDR-instrument
was 5 to 100% (V V') for WC with an accuracy

of 3% (V V') and 0 to 5 mS cm™ for EC with an
accuracy of £ 0.2 mS cm™!. TDR measurements
are based on noncontinuous, transient values
measured after insertion of a 3-rod TDR probe.
The rods, 65 mm long, were in a line, with a dis-
tance of 25 mm between rods.

The peat medium used in this study, was low-
humified Sphagnum-peat growth medium (Tree
seedling peat, E, Vapo Corp., Finland; for prop-
erties, see Heiskanen 1993). Five-litre buckets
with drainage holes in the bottom were filled with
peat, which was first watered with deionized wa-
ter to a WC of 70% (V V). After this basic wa-
tering, in order to create different EC levels in the
peat, the peat samples in the buckets were soaked
with six different concentrations of fertilizer so-
lution (EC of solution in parenthesis): 0.0%
(0.01 mS cm™), 0.1% (1.05 mS cm™), 0.2%
(2.0 mS cm™), 0.4% (3.7 mS cm™), 0.6%
(5.1 mS cm™), 0.8% (6.5 mS cm™'). Two buckets
were saturated from above with each solution and
extra water was allowed to drain out through holes
in the bottom. The fertilizer used in the solutions
was Superex 9 (Kekkild Corp., Finland) with min-
eral nutrient concentrations of 19.4% N, 5.3% P,
20% K and micronutrients.

One day after soaking, the lids were removed
from the buckets and the contents were allowed
to dry gradually by evaporation. The EC and WC
of samples were measured with TDR three times
during the drying period of eight days. From each
bucket, EC and WC were measured with TDR
twice before and twice after a peat sample was
taken for press-water extract. The peat in the
bucket was mixed before the sample (200 ml) was
taken. The press-water sample was extracted from
peat by a hydraulic squeezer with a pressure of
981 kPa. During the drying period, the tempera-
ture in the buckets varied from 17.9 to 21.0°C
and the WC of the peat from 88 to 59% (V V7).
The pH of the press-water, measured with a pH-
meter (Jenway 3020, Jenway Ltd, England), var-
ied from 5.1 to 6.4.

Experiment 2
In Experiment 2 (Expt. 2) gravimetry and TDR

were compared as ways of measuring WC of peat
growth medium. Two plastic buckets (5 1) with



drainage holes in the bottom were filled with low-
humified Sphagnum-peat growth medium (Finn-
peat M6, Kekkila Corp., Finland; for properties,
see Heiskanen 1993). The peat was thoroughly
watered with deionized water and allowed to soak
overnight in buckets with lids. The lids were then
removed and the peat was allowed to dry gradu-
ally by evaporation.

During drying, the mass of the buckets was
weighed, and the WC (%, V V™) and EC (mS cm™)
of peat were measured three times a week using
TDR. For TDR measurements, the mean of three
successive measurements was used. The volumes
of the peat in the buckets were estimated at the
beginning of the experiment. After the first dry-
ing cycle, the peat in the buckets was remixed
and rewatered and was monitored in the same way
as in the first cycle. The first drying cycle lasted
about 5 weeks and the second cycle about 10
weeks. During the first and second monitoring
cycle, the WC of peat decreased from 70 to 16%
(V V™) and from 92 to 10% (V V'), respectively.
After the second cycle, the dry mass of the peat of
both buckets was weighed after drying at 105°C
to constant mass. WC was then estimated by the
gravimetric method using the formula: (wet mass—
dry mass)*(initial wet volume)'.

EC values measured from peat medium with
TDR in Expt. 2 were transformed by the equation
from Expt. 1 to correspond to the EC values in
press-water extract. Both the transformed EC val-
ues (estimating EC in press-water extract) and the
original EC values measured with TDR were plot-
ted against the gravimetrically measured WC of
peat during drying. On the basis of the curve for
press-water extract, equations were derived for
transforming EC values measured from press-
water extract at an actual WC to EC values at the
optimum WC (46% V V') or at saturation (95%,
\A%DS

RESULTS

In Expt. 1, the relationship between EC values
measured with a conductivity meter from press-
water extract and those measured with TDR di-
rectly from peat medium was curvilinear (Fig. 1).
Above an EC value of 1.3 mS cm™', TDR gave
lower values than measurement of EC in the press-
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Fig. 1. EC measured from press-water extract with a labora-
tory conductivity meter as a function of EC measured from
bulk peat medium with TDR in Expt. 1. The WC of peat
varied from 88 to 59% (V V~') during the measurement
period. Each dot is the mean of four measurements with
TDR and one measurement from the sample of press-water
extract. Observations were smoothed with the least-square
power-curve fit y = 0.947x'4! (N = 36, R?= 0.996, RMSE
=0.22).

Kuva 1. Turpeen puristenesteen sdhkonjohtokyky TDR:lld
mitatun sdhkonjohtokyvyn funktiona kokeessa 1. Turpeen
vesipitoisuus vaihteli mittauksen aikana 88:sta 59 tilavuus-
%:iin. TDR:lld mitatut EC arvot ovat neljin mittauksen
keskiarvoja ja puristenesteestd mitattu yhdestd puristeneste-
ndytteestd mitattu arvo. Tasoituskdyrd on muotoa y =
0.947x!41 (N = 36, R* = 0.996, RMSE = 0.22).

water extract did; below 1.3 mS cm™', TDR gave
comparatively higher values.

In Expt. 2, while peat dried from near satura-
tion (92%, V V™) to a WC of 10% (V V'), the
relationship between the WC values measured
with TDR and those determined gravimetrically
was slightly sigmoidal, as estimated by the third
order polynomial (Fig. 2). Within the range 40—
80%, TDR slightly overestimated the WC com-
pared with gravimetrically determined WC, which
was partly due to shrinking of the peat volume.

The values measured with TDR and smoothed
with power-curve fitting was close to the theo-
retical curve, which was calculated on the basis
of the increase in ion concentration during the
decrease of WC by evaporation (Fig. 3). The trans-
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Fig. 2. Water content of light Sphagnum-peat medium
measured by TDR as a function of volumetric water content
determined by weighing in Expt. 2. Each dot represents the
mean of three successive TDR measurements and one
weighing value. The fitted curve illustrates the least square
fit to the third-order polynomial y = — 0.00014x> +
0.01934x>+0.30367 x + 7.4857 (N =63, R?=0.999, RMSE
=1.53).

Kuva 2. TDR:lld mitattu vaalean rahkaturpeen vesipitoisuus
punnitsemalla mitatun vesipitoisuuden funktiona kokeessa
2. Yksi piste edustaa kolmea TDR-mittausta ja yhtd punni-
tusarvoa mittausajankohtaa kohti. Tasoituskdyrd on kol-
mannen asteen polynomi y = — 0.00014x°> + 0.01934x*+
0.30367x + 7.4857 (N = 63, R? = 0.999, RMSE = 1.53).

formed EC values increased more steeply than did
the theoretically estimated values at desorption.

The coefficients derived for transforming EC
values measured from press-water extract at an
actual WC to EC value at the optimum WC or at
saturation are presented in Fig. 4.

DISCUSSION

The discrepancy in EC values measured by TDR
and conductivity meter (Fig. 1) did not depend
much on the WC of peat in the range WC 60~
90% (V V"), since within that range only a slight
change in EC in relation to WC was found (Fig. 3,
Expt. 2). Measured directly from solutions with
different salt concentrations, TDR and the con-
ductivity meter gave similar EC values (data not
shown). In previous studies, the relationships be-

tween EC values of coarse silty soil (Dalton et al.
1984) and sandy and loam soils (van Loon et al.
1990) measured by TDR and the EC of extracted
soil water (measured by standard conductivity
bridge) were linear; and all slopes were nearly
one. However, as Nadler (1997) notes, WC and
surfaces of solids modify the EC of the soil solu-
tion by varying the amount, composition and ac-
tivity of dissolved ions and soil tortuosity. Espe-
cially in clay, a disagreement can be found be-
tween EC in bulk soil and that in soil solution.
Here, the organic peat medium also showed a dis-
crepancy between EC estimates obtained by TDR
from bulk peat and by conductivity meter from
press-water extracts. Peat is known to have col-
loidical properties which modify the ionic activ-
ity of peat at desorption (Kwak et al. 1986) and
this could partly explain the discrepancy.

The relationship between the WC of peat
measured with TDR and that determined gravi-
metrically was slightly sigmoidal (Fig. 2). Em-
pirical relationships between the apparent dielec-
tric number and the volumetric WC are also com-
monly described by third-order polynomials
(Topp et al. 1980, Paquet et al. 1993, Myllys &
Simojoki 1996). The instrument used in this study
is normally used to measure the WC of rockwool
growth medium. Obviously, in this instrument the
built-in system of calibration for transforming the
measured apparent dielectric number to the value
for WC output is not completely accurate for peat
growth medium. Consequently, in this study, the
relationship between output values and gravi-
metrically measured values for WC remained
slightly sigmoidal. However, this is of no practi-
cal importance in monitoring the WC of growth
medium in nurseries.

EC values measured with TDR increased in
peat medium at desorption similarly to the values
calculated theoretically according to increase in
concentration (Fig. 3). EC values transformed to
correspond to the EC values in press-water ex-
tract increased faster at desorption than the calcu-
lated values did. The transformed values were,
however, considered to be more feasible for nurs-
ery use, since all the present recommendations
are given for aqueous extracts. The reason for the
difference between transformed values and cal-
culated values in dry peat, like in clay (Nadler
1997), is obviously due to the physico-chemical
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Fig. 3. EC measured with TDR and the same values trans-
formed (equation from Fig. 1) to correspond to EC of press-
water extract as a function of the gravimetrically measured
water content of peat medium during drying. Observations
were smoothed with least-square power-curve fits TDR:
y =45.4x%%% (N =63, R?=0.984, RMSE =0.27) and EC of
press-water extract: y = 201.5x"%* (N = 63, R?= 0.971,
RMSE =0.51). Dash lines show the theoretical dependence
between EC and WC. The lower one represents the peat
studied (Expt. 2) with EC =0.56 mS cm™ and the upper one
represents peat with a stronger nutrient level (EC =
1,0 mS cm™) at WC 95% (V V7).

Kuva 3. Turpeen kuivuessa TDR:1ld mitattu johtokyky (*) ja
Kuvassa 1 annetulla yhtdlolld TDR:n johtokyvystd pu-
ristenesteen johtokyvyksi muunnetut arvot (o) gravimetri-
sesti mddritetyn turpeen vesipitoisuuden funktiona. TDR:n
tasoituskdyrdi on muotoay = 454 x %% (N = 63, R*= 0.984,
RMSE = 0.27) ja puristenesteen johtokyvyn tasoituskdyri
muotoay = 201.5x"%° (N = 63, R?*=0.971, RMSE = 0.51).
Katkoviivat kuvaavat laskettua, teoreettista johtokyvyn ja
vesipitoisuuden riippuvuutta. Alempi vastaa tutkitun turpeen
(Koe 2) ravinnetasoa (johtokyky = 0.56 mS cm™ vesipitoi-
suudessa 95 til-%) ja ylempi voimakkaampaa ravinnetasoa
(johtokyky = 1.0 mS cm™ vesipitoisuudessa 95 til-%).

properties of peat medium as discussed above. Our
results, however, seem to contradict those of Puust-
jérvi (1979), who showed that the EC of press-
water decreased more slowly at sorption than did
the theoretically calculated values in solution. He
suggested that the decrease in EC with dilution
was due to an increase in the activity of ions and
to an increase in the solubility of weakly soluble
salts.
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Fig. 4. Coefficient curves for transforming EC values meas-
ured from water extract pressed from peat medium at actual
water content to EC values at optimum water content (46%)
and at saturation (95%). The equations for the curves are
y = 0.00752x"¥5 and y = 0.003306x 27" for water content
of 46% and saturation (95%), respectively. For example, if
the actual volumetric water content in peat medium is 40%,
the EC value measured from the extract squeezed from peat
has to be multiplied by 0.003306*40'"°= 0.37 to estimate
the EC value of extract taken at saturation.

Kuva 4. Muuntokdyridt johtokykyarvojen muuntamiseksi
turpeen vallitsevasta kosteudessa mitatuista vastaamaan
optimaalista kasvatuskosteutta (46%) ja kylldstysvesipitoi-
suutta (95%). Kdyrien yhtdlot ovat muotoa y = 0.00752x"-777
(46%) jay = 0.003306x"%77%(95%). Esimerkiksi jos turpeen
kosteus on 40%, on puristenesteestd mitattu arvo kerrottava
0.37:lla (0,003306*40'%77), jotta saataisiin arvo
vastaamaan saman turpeen kyllistyskosteudessa olevaa
turpeen johtokykyd.

In container nursery practice, the EC recom-
mendations for peat growth medium are usually
given for extracts taken at one fixed WC, e.g. satu-
ration. By using the equations presented here, EC
can be monitored in practice at actual WC and
still be assessed with the EC recommendations
given for fixed (46 and 95%) WC values. Thereby,
the use of EC values measured from extract
squeezed from peat media at a known WC in situ
makes it easy to estimate both the total nutrient
level of peat in seedling culturing and the effect
of salinity on the availability of water to the seed-
ling.
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Turvekasvualustan sdhkdnjohtavuuden ja vesipitoisuuden riippuvuus mitattuna

TDR-kédsimittarilla

Tutkimuksessa selvitettiin kivivillan vesipitoisuu-
den mittaamiseen tarkoitetun, TDR-kdsimittarin
(Grodan, Hollanti) kiyttda turpeen vesipitoisuu-
den ja sdhkonjohtokyvyn mittaamisessa. Tavoit-
teena oli tutkia turpeen puristenesteen sahkonjoh-
tokyvyn riippuvuutta turpeen vesipitoisuudesta.
Ensimmaisessé kokeessa (Koe 1) tiytettiin vii-
den litran astiat lannoitetulla turpeella (Metsétai-
miturve E, Vapo Oy) ja néitd turpeita kasteltiin
kyllastyskosteuteen kuudella eri pitoisuuden
omaavalla lannoiteliuoksella. Turpeiden véhitel-
len kuivuessa mitattiin niiden séhkonjohtokykya
TDR-mittarilla suoraan turpeesta ja laboratorio-
johtokykymittarilla saman turpeen puristenes-
teestd kolme kertaa 8 vuorokauden aikana. Tur-
peen puristenesteestd mitatun ja suoraan turpeesta
TDR:114 mitatun szhkonjohtokyvyn riippuvuus oli
epilineaarinen (Kuva 1). Kun johtokyky oli alle

1,3 mS cm™, oli TDR:114 mitattu johtokyky kor-
keampi kuin puristenesteestd mitattu johtokyky
ja vastaavasti johtokyvyn ollessa yli 1,3 mS cm™,
TDR osoitti puristenesteestd mitattuja arvoja
alhaisempia lukemia.

Toisessa kokeessa (Koe 2) seurattiin TDR-
mittarilla peruslannoitetun, puhtaalla vedelld kas-
tellun turpeen (Finnpeat M6, Kekkila Oy) sahkon-
johtokyvyn ja vesipitoisuuden muutosta turpeen
kuivuessa kylldstetysté turpeesta (95 tilavuus-%)
noin 20 tilavuus-%:n vesipitoisuuteen. Samalla
turpeen vesipitoisuutta seurattiin gravimetrisesti.
Gravimetrisesti ja TDR:114 mitatut turpeen vesipi-
toisuusarvot vastasivat hyvin toisiaan, riippuvuus
oli ldhes lineaarinen (Kuva 2).

TDR:114 kokeessa 2 mitatut turpeen johtoky-
kyarvot muunnettiin kokeesta 1 saadulla yht416114
(Kuva 1) puristenesteen johtokyvyksi. Seké néi-



den puristenesteen johtokyvyksi muunnettujen
arvojen ettd alkuperdisten, TDR:114d mitattuja
arvojen riippuvuus turpeen vesipitoisuudesta esi-
tetddn Kuvassa 3. TDR:114 mitatut vesipitoisuudet
vastaavat varsin hyvin teoreettisia arvoja, jotka
on laskettu olettamalla ravinnemé@irén pysyvin
samansuuruisena vesipitoisuuden védhetessi. Sen
sijaan puristenesteen johtokyvyksi muunnetut
arvot kasvoivat laskennallisia arvoja nopeammin
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turpeen kuivuessa. Ndiden puristenestearvojen
arvioitiin kuitenkin vastaavan paremmin tilannetta
kasvien kannalta turpeessa. Turpeen vesipitoisuu-
den ja puristenesteen johtokykykéyrin yhtilostd
laskettiin muuntoyhtilot, joilla voidaan tunnetun
vesipitoisuuden omaavan turpeen puristenesteen
johtokykyarvo muuntaa vastaamaan joko optimi-
kasvatuskosteutta (46 til.-%) tai kyllastyskosteutta
(95 til.-%) vastaavaa johtokykyid (Kuva 4).
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