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EXTRACTIDN KETHODS FOR THE DETERMINATION OF MAJOR RLEMEN?S
IN CREERHOUSE SOILS AND FOPTING — AND CULTURE MEDIA

by J.,venden Ende

Glasshouse (Crops Research and hperiment Station
-Naaldwi Jk, the Netherlands

Introduction

For many orops grown in greenhouses, the levels of mutrients
in the soil should be rather high, The nutrients, howsver,
muet not be overdosed as otherwise the growth of the crops’
18 reduced by a too high salt concentration of the soil so=
lution, For these reasons, it is important to analyse green-
house soils regular. In some areas, regular soil testidg is
also nepessary because of saline ':I.rrigation water.
Practically all laborstories engaged in routine testing of
greenhouse soils employ one or ancther water-extrsction tech-
nique. The equeous extracts are primarily used to determine
the salinity 1eve1 of the goils by means of measuring the
electrical conﬁuctivity. Some laboratories use aqueous extiraw=
otz also for the determination of nutriemt levels. Most la=
boratories, however, extract the nutriemts with other extrac~
tants, like diluted acids and buffer solutions., As compared
with water, sauch extractants generally extract larger amounts
of mitriente,
From research work at Naaldwijk, the oonclusion can be drawmn
that agueous extracts are most suited for the determinstion
of the nutrient levels of greenhouse soilse, I wmt to give
some resukts of this work. ‘
- fhe snalytiocal results of these exbracts ‘were closely cor—
related, For potting = and culture media, there are probdlems
in the interpretstion of the analytical results of aqueous
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welght extracts as the organic-matter content of these medis
does not give an accurate estimate of their water~holding ca-
pacity. There are indications that a water—extraction method
in which volume samples of the media are measured in s stand-
ardized mammer will offer good possibilities.

Mass flow of matrients )

One of the investigations was carried out on 75 soil samples
which were taken in as many greenhouse used for tomsto grow=—
ing. The following soll {ypes were equally represented:loamy
sand, sandy loam, loam, peaty clay, and clayey peat., The to-
mato crops were in the picking period during the sampling.
The molisture content of the fleld-moist soil samples were
approximately equal to the moisture contents at pP 1.8,
From the field-moist samples, press extracts were obtained
by means of an hydraullc presg. It was show that the elec—
trical conductivities of the press extracts equalled those
of the soil solutions[ 2 ]. The same was shown for the potas—
siuf-, magnesiume, calcium-, sodium=-, nitrate-, sulphate-,
and chloride contents but not for +the phosphate contents.
It is 1ikely that the phosphate contents of the press extra-
cts were in mest cases conslderably lower than those of the
501l sclutions.

The average values of the analytical data of the press ex=
tracts are listed in Table 1, From the data of this table

Tdble 1., Average valuegs of the results of analysis nade
on the press extracts.

‘Calciun 49.9 me/1 FPhosphate bl mg P205/1

Sulphate 45,7 0 o

Nitrate 20,7 ® Electrical 6.7 mmho/cm(25°C)
conduetivity

Magnegiuvm 48,7 ¢ o

Chloride 16,2 n Osmotic pressure 2,2 atm (0 C)

Sedium 13,6 n -

Potassium Gy ®

Ammonium 1,0 ¢

Bicarbonate Q.4 "
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and some dats which were given by Spithost [9] and ven der
Post et al. [5], conclusions oan be drawn with respect to

the supply of metrients to the root surface,

Spithost determined the amounts of major elements whioch were
taken up by a high-y:lelding tomato crop. His dsta are given -
in the column ®uptake" of Table 2, Van der Post et al, cal~
oulated that the tomato orop in quesb:lon hae taken up about
300 of water,

Table 2. Amounts of nutriemts taken up by a h:lgh—y:lelding N

' tomato erop in comparison with calculated values
for the smounts supplied to the root surface by
mass flow of the soil solution,

Uptake, Suppl
(kg/are) ?us/are UEE‘&%

. Nap0 0.5 12,6 25,2
Mg0 1.5 1143 745
CBO 6:8 41 09 : 6.2

0 75 - 9.0 1,2

3 : 5.0 54,8 14,0

01 . 3.0 17.3 5.8

L : 440 Gt 2.3

This amount of water has been transported to the roots by
mass flow of the soil solution. If the data of Table 1 are
considered to be represenmtive for the chemical composition
of the moll solution, then the meass flow mentiomed should
have supplied an amount of mutrients to the roots which

is given in the column "supply"' of Table 24

This table shows that in tomato cultures in the Netherlands
the amounts of sodium, magnesium, calcium, sulphate, and '
¢hloride transporied to the roots by mass flow are on the
average much larger than the amounis Haken up by the roots.
The amounts of nitrogen and potassium supplied by mass flow
are relatively much smaller, However, ‘thezf are lsrge enough
t0 meet the nitrogen- and potaseium requirements of the
cropy, at least 3f the levels pf nitrogen and potassium
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in the soil are not lower than the levels which are isual
for tomato growing.

The amount of phosphate that reaches the roots by mass flow
is on the average larger than the amount given in Table 2.
The latter amount is too small as the phosphate contents of
the press extracts were lower than those of the goll solut-
ions. Probably, the phosphate content of a saturation extract
does agree with that of the soil solution, From saturation
extracts, the amount of phosphate supplied by mass flow was
agssessed at 0.45 kg P205 per are. This amount is only about
one third of the amount of phosphate taken up by the crop.
So, a great part of the phosphate uptake must reach the
roots by interceptioh or diffusion.

Experiences gained in routine testing of greenhouse soils
and data obtained in several investigations indicate that
with most crops the ratios "supply/uptake® are not much
smaller than those found for the tomato, Therefore, the con-—
clusion can be drawn that in the soil testing in behsalf of
greenhouse cultures it is not necessary to extract larger
amounts of nutrients from the s0il than the amounts which
are present in the soil solutlion, phosphate leaved out of
consideragtion. So, for instance, it is not necessary to de~
termine exchangeable cations. Consequently, extraction met-
hods developed for the determination of exchangeable cations
are not preferable, the more so as the interpretation of
the amounts ol exchangeable cations ig rather diffiecult,
The interpretation of the amounts of nutrients in the soil
golution is comparatively very simple, For the analysis of
greenhouse soils, therefore, those extraction methods are
preferable with which a good estimation of the chemical
composition of the soil solution can be obtained. As far as
I know, water-extraction metheds only are suited to this
purpose, ’

Saturation-and 1:5 extracts

The Research Station at Naaldwijk has used a water—extrac-—
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tion technique for many years. The soll : water ratio em—

plcyed 1s 135 by weight., In the 135 extraots, the elsotrical

conductivity and the oh.'la‘oride- nitrogen=-, phosphatesw, po-

tassiun—, and mssnesiun contents are determined., The ana-

1lytioal data, with the exception of those for phosphate, are

adjusted to soil=moisture level, for which they are multiw

plied by 29 ‘P being the moisture contemt of the soil

at field oapao:lty. This moisture content is estimated by

nmeans of the organic-mhatter content of the goll. The way

upon which this 1s dome has been described previously [2].

For soils with an organic-mstter content between 3 and 40

per oent, it proved very aocurate,

In the above-mentioned investigation on 75 greenhouse soils,

analytical data of 1:5 extracts, after adjustment so soil=

moisture level, were compared with anelytical data of press

extracts, for which ocoeffictents of correlation were oalou-—

lated. The correlation coefficients found sre given in the

second column of Table 3. The correlation cceffioients for

pitrate, chloride, and potaessium are high. Those £or magnes—

ium and electricml conducotivity are lower.Ilt is likely that .

the poorer correlation for eleotrical conductivity was cau-—

ged primarily by varying quantities of grypsum diasolved in

the 1:5 suspensions dus to varistions in grypsum contenis.

of the s0ils examined. For this reason, the coeffiocient of

mltiple correlaktion was calouwlated for (a) values of the

electrical conduvtivity of press extracts and (b) adjusted |
values of the electrioal conductivity and the euwlphate oon=- |
tent of 1:5 extracts. Az in oconsequence of dissolution of ‘ ‘
gypsum, adsorbed magnesium will be exchanged by caloium, -“
such a multiple-correlation ocoefficient was also caloulsted

for magnesium: The wultiple~vorrelation coefficients found .
are given in the third column of Table 3, ‘ -
Saturation extracts were alao inclufed in the investigation
Coefficients of correlation between snalytioal data of sa= |
turation extraots and those of press extraots are listed )
in the fourth column of Table 3,
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Table 3. Coefficients of correlation between analytical data
of press extracts, on the one hand, and those of
saturation extracts and of 1:5 extracts adjusted to
soil-moisture level, on the other hand.

Press extracts and Press extracts and

1:5 extracts® saturation extracts
r == r
Nitrate 0.940 0931
Chloride 0.965 0.957
Potassium 0.927 0,965
Magnesium 0.820 0.873 0.908
Electrical
conductivity 0.752 0.884 0.890
X

analytical data adjusted to soil-moisture level.

XXpultiple~correlation coefficients with as extra variable
the sulphate content of 1:5 extracts adjusted to soil-moistu-
re’ level,

From the data of this table and from data mentioned before,
the conclusion can be drawn that the electrical conductivity
and the nitrate~, chloride~, potassium~, and magnesium con-—
tens of the scil solution can be estimated satisfactorily
with both the saturation~ and the 1:5 extract. Both extracts
have advantages and dlsadvantages. The 1:5 extract has the
advantage that its preparation is simple. This advantage is
very important for routine soil~testing purposes., Disadvan-
tages of the use of the 1:5 extract are that the so0il needs
to be dried and that organic matter and sulphate need to be
determined, These disadvantages do not occur in the use of
the gaturation extraect. However, the saturation extract has
the disadvantage that its preparation is very laborious. For
this reason, most laboratories do not use the saturation
extract for routine soil~testing purposes.

On the other hand, the saturation extract is often used for
research purposes., The reason of this 1s that the relations-
hip between the chemical composition of the saturation ex-—
tract and that of the soll solution is rather simple. However,
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this relationshlp is more éomplieéted than sometimes descri-
bed, Some of the regression equations which I found for the
relationship mentioned are given in Table 4. The intercepts

Table 4, Regression equations for the relationships between
analytical data of press extracts and those of sa-
turation extracts.

Regression equations

Nitrate y

= 0.556 X + 0.6

Chloride ¥ = 0,526 x = 0,3

Potassium ¥ = 0705 x + 0.4

Magnesium ¥ o= 0,546 x + 0.3
Eleotrical : .

Yy = 0.619 X o 002

conductivity

x = analytical data of press extracts
¥ = analyticel data of saturation extracts

of these equations are_small.Therefdre,.the regression coef-
ficients only are important. One of the conclusions which -
can be drawn from the regression ccefficients 1s that the
potassium: magneaium ratio in the saturation extract differs
congiderably from tliat in the soil solution.

2 + 1 extracts

Sonneveld and ven den Ende [8] studfed still another water-

.extraction technique. The extract employed will be termed

2 + 1 extract. It is prepared by filtration of a suspension
obtained by adding sufficient soil to two parts of water so
that the total volume is increased by one part,

In an 1nvestiga£ion on different soil types, like loamy
sand, loam and clayey peat, analytical data of 2 + 1 extra-
cts were compared with analytical data of saturation ex-
tracts, for which cbefficients of correlation weré calcula-
ted. The correlation coefficients found are -listed in Ta-
ble 5. All of them are high,

From these correlation coeffiojents and from data mentioned
before, the conplusion can be drawn that the 2 + 1 extract
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Table 5, Coefficients of correlatlion between analyticsl data
of saturation extracts and those of 2 + 1 extracts.

Correlation coefficients (r)

Nitrogen 0.982
Chloride 0.976
Fhosphate 0.943
Potassium 0.965
Magnesium . 0.960
Electrical ‘

conductivity 0.948

offers good possibilitlies for the estlimation of the electrli~
cal conductivity and the nitrate-, chloride-, potassium-—,

and magnesium contents of the soll solution. The 2 & 1
extract lacks the disadvantages of the 1:5 extract., So, the
s0ll needs not be dried and organic matter and sulphate

need not be determined, For these reasons, the 2 + 1 extract
could be a good substitute for the 1 ¢ 5 extract. For routine
soil=testing purposes, however, the preparatiorn of the 2 +1
extract gives sti1ll some difficulties.It is worth trying

to overcome these difficulties,.

Phosphate

In the foregoing, the phosphate contents of the extracis
were not discussed, The reason of this is that the beha-
viour of phosphate differs cgnsiderably from the behaviour
of the other major elements.

With increasing water : soil ratio the concentration of
phosphate in seolution tends to be more or less constant

as a result of the large reserves in the seil and thelr low
solubility. Only if the water : soil ratio is raised to

2 high value can a significant decreage in concentration
be expected.

'In our investigations, in which the water : soil ratio
varied from 0.3 up to 5, such a decrease in phosphate con=
centration did nearly not occur. For almost each soil exa-—
mined, the phosphate concentrations in the saturation-,
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http://difficulties.lt

135 = and 2 + 1 extracts were more or less equal. It is
likely that these phosphate concentrations more or less
equalled the phosyhate ooncentration in the soil solution.
In experiments with lettuce, Roorda van Eysinga (6] inves-
tigated the guitability which a number of extraction methods
hag for the determination of the phosphate level of green—
house soils. :

Different extractants, like water, citric acid, and buffer .
solutions, were included in the investigation and the extrac-—
tant water was tested in different soil ; water ratios ine
cluding the 1 ¢ 5 ratic. There was a close relationship be-
tween the phosphate content of the crop and the phosphate
level of the soil, For the various extraction methods, the.
relé:l:ionah:l.p was almost equally stringent. Thie 1s easy to
understand as the snalytical data found with the various -
methods were mutually highly correlated,

Evidently, many extraction methods can be uged for the de-
termination of the phosphate level of greenhouse soils, For
routine testing of the phosphate level, it is a matter of
ocourse to use an extraction method which is used also for
routine testing of the levels of other major elements.

Yolume extracts

Several laboratories use water—extraction methods in which
soil and water are measured by volume. The extracts obtained
by means of theme methode will be termed volume extracis.

A few volume extracts employed are the 1 3 2,5 —and 1 3 5
volume extracts (solil '+ water ratios expressed in v/'v).
Volume extracts are used esgpecially for the determination

of the selinity level of molls. At first, it wes thought
that the electrical conductivity of volume extraotse is & pre-
~olse standard for the salinity level. However, this is mot the
case because the various soil types have different water— -
‘ '-holdingloapaoj.tiea. Therefore, it is necessary to oqrrect_
the electrical conductivity of volume extracts, Besides
‘ont the water-holding capacity, the correction can be based
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also on quantities which are closely related to this papacity.
Thus Drews {1} and Massey and Winsor (4] found that the cor-
rection can be carried out by means of the bulk density.

Some laboratories employ volume extracts also for the deter-
mination of nutrient levels. Except the phosphate level,.
these levels need to be corrected just as well,

Undoubtedly, volume extracts offer good passibilities for
the estimation of the electrical conductivity and the nitra-
te~, chloride~, phosphate-, potass{ﬁm—, and magnesium con-—
tents of the soil solution. They have the advantage that the
82011l needs not be dried, However, a disadvantage is that the
water~holding capacity or the bulk density need to be deter-
mined. Moreover, it is difficult to measure a volume of peat
exactly. For peat soils, it 1s necessary to standardize the
method of volume measurement very precisely as cotherwise
erratic analytical results may be obtained [3].

Potting =and culiure media

Analysis of growth media, like potting soils and culture
substrata, gives more difficulties than analysis of green-
house soils, The cause of this is that the composition of
the growth media mentioned differs strongly. Some of media
consist of different types of peat. Others contain in addi-
tion to peat alsc sand, clay or artificial materials, like
perlite, vermiculite, and polyether flocks, .

The growth media used in greenhouse cultures have nutrient
levels which are comparable with the nutrient levels of
greenhouse soils. S0, it is likely that the ratio between
supply and uptake of nutrients for crops grown in these
media more or less equals that for creps grown in green-
house soils. For this reason, the Research Station at
Naaldwi jk uses water-extraction methods for the analysis
of potting soils and culture substrata, For purposes of
routine analysis, the soil : water ratio employed is 1:25
by weight. This wide ratic is necessary in connection with
the graat water-~holding capaclty of many media.
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In the 1 : 25 extracts, the electrical conductivity and the
chloride~, nitrogen=-, phosphate=, potassium-, and magnesium
contents are determined., The analytical data, with the ex-
ception of those for phosphate, are adjusted to the moisture
ocontent at pF 1.5, for whioh they are multiplied by gg%g,l’
being the organié-matter percentage (5 P = estimate of the
moisture content at pF 1.5)., The adjustment is rather cor-—
rect for growth media which have an organic-matter percen-
tage below 50 and do not contaln artificial materials. For
other media, it is not reliable. This was shown by Sonneveld
[ 7] 4in an investigetion on growth media of very different
compositionss different types of peaty mixtures of peat and
sandj and mixtures of peat, sand, and perlite or vermiculite.

m- *
o °
400t
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Y
g p—
!
x
2001~ o
y=3.88x +84.7
- ra0784 -
l‘ .
o = mixture with peri
A. A oy I“n L i
60 %0
% orgonic matter

Fig. 1. The relationship between organic-~matter content and
M~value at pF 1.5 for growth media of various ccmpositions
(Mwalue = moisture content in grammes per 100 g dry matter)
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Fig. 2. The relationship beiween tulk density and M-value
at pF 1.5 for the growth media of fig.,1 (M-value - moisture
content in grammes per 100 g dry matter)

His data in respect of the relationshlp between the organié-
-matter content and the moisture content at pF 1.5 are given
in Pig.1.

Sonneveld investigated also the relationship between the
moisture content at pF 1.5 and the bulk density. His data

in respect of this relationship are presented in Fig.z.‘
From this figure, it is apparent that adjustment of analy-
tical results by means of the bulk density is not reliable
for growth media which have a bulk density below 0.2,

As far as I lmow, the only way to get to a correct adjust-—
ment of analybtical results of 1 : 25 extracts is determi-
nation of the moisture content at a sulted pF value. For
purposes of routine analysis, however, such a determination
is too laborious. For these reasons, the Research Station
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A at Fasldwijk tries to f£ird an useful water-extraction method

! with which adjustment of analytical results is not needed.

! The saturation- and 2 + 1 extracts do not offer possibilities
for the routine analysis of growth media, For the 2 + 1
extract, the reason of that its preparation 1is impessible -

- for growth media which contain pest with a low bulk density.
As %o the saturation extract, its preparation is not only
very laborious but in addition many growth mdia do not have
a clear condition of water saturation.

At present, the possibilitlies of a volume .extraot are studied,
The results obtained till now are very promisins.

!
Suntmary

In greenhouse oultures, i1t is of importance to know the ohem-
ical composition of the soll solution. In an investigation

at the Research Station at llaaidwijk, the chemiosl oomposi-
tion of the soil solution was oompared with the chemiocal
composition ¢f both the maturation extract snd the 1 : §
weight extraot, Both extracts gave satisfactory eatimates

of the electrical conductivity and the ohloride-, nitrate-
potagsivm—, and magnesium contents of the soil solution.

A correct comparison could not be established for phoaphate,
For thie element, the method which was applied to obltain

the soll solution did not meet the requirementas. Therefore,
the following statements do not apply to phosphate.

There was a simple relationship between the chemiocal composi~
tions of the moil solution and the saturation extract. How~
ever, the preparation of this extract is too laborious for
routine moiltesting purposes. In order to obtain satisfactory
estimates by means of the 1 : 5 welght extract, it was neces-
sary to determine the sulphate conmtent of this extract. The
moisture contemt of the soil at field capacity had to be kmow
as well, This moisture content was oalculated from the orga-
nic-matter content of ths aoil.

In another investigation, a comparison was made hetween the

saturation extract and an extract which was termed 2 + 1
extract.
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f. BaH mew EnHie

AHanuz TENNMUHHY W TOPHREYHHX MOYE ¥ NUTATEARHHX CDEXR

PesmnuMme
B BO3ZeINBAHUM OBONE# 3aKpHTOT0 IPYHTA HaU0ONEe BAXHHM ABIA-

eTCA 3IHAKOMCTBO XHMKYECKOr'® COCTaBa IMOYBEBHOTC pacTECpA.
B onutHo#t ¢ranuuyu HaanpaBuilyk xuMM4ecxuif COCTAB TOUYBEHHOI'O

138



PACTEODA CPABEMBANK C DPACTBOPOM HACHEGHHHM M TAKWM, B KOTO~
poM 3KCTPATMpOBANHM MOYBY B BECOBOM cOOTHOomeHMM 1:5, Onpe-
IeNeHNA XNOPMEOB, HUTPATOB, K8JIMA, MATLHUA ¥ AAEKTPONDOBOAUMO-
¢TH B O0OMX DPACTBODPAX 1O CPABHEHHYD C TOYBEHHHM PACTBOPOM
Zano xopoilde peasyNbTATH, OBHAKO HE YAANOCH MONYUMTH MOAC-
xnrentHOl koppenauu znA focdarToB. MexAy MOYBSHHNM H HACH-
ReHHEM PacTBOPOM YCTBHOBNGHA NPAMaA KOPPENALMA, OZHAKO
E3rOTOBREHME PEKOP0 PACTREOPA B ClydYae MACCOBHX aHANMB0B AB~
NAGTCR CPAaBHNTENBHO TDPYAOEMKMM, [XA NOJyUeHKA NPH BUABHHEX

- onpeZensHuHl NPH BKCTPArUPOBAHKH NOYBH B COOTHOMOHMM 1:5

HoOOXOAUMO AHAJMAUPORATE 3KCTPAKT Ha conepxanue cyasdaros
H OnNpeAesATh HONSBYD BAAIOEMKOCTDH MOYBH,
B apyroro poaa mccleXOBaKKWAX CPEBHOBANM EACHNGHHHJ B3KCTpaxT

© ¢ '3KCTPAKTOM MONYYeHHWM CEUMANGHHM CHOCOOOM NPM OCHEMHEOM

COOTHONGHMH MEXZy NOYBO{t ¥ DKCTPARUMOHHNM DpacTBOpDOM 1:2.
PesynpTaTH 8HANM3& 3TUX ABYX BHAOB BKCTPAKTOB OMAHM OUGHE
CXOZHEMH,

Bonge 3HAUNTONBHHE !pynﬁoctu ¥ CBA3aHHHE ¢ HUME ONOGREMH
BOSHHESNN B HCCHNOACBAaHMAX KECAWNMXR AHANNSA NUTATENBHHX

cpel.




