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EXTRACTION METHODS POR THE DETERMINATION OF MAJOR ELEMENTS 

IN GREENHOUSE SOILS AND POTTING - AND CULTURE MEDIA 

by J . v an den E n d e 

Glasshouse Crops Researoh and Experiment Station 
Naaldwijk, the Netherlands 

Introduction 

For many crops grown in greenhouses, the levels of nutrients 
in the soil should be rather high. The nutrients, however, 
must not be overdosed as otherwise the growth of the orops 
is reduoed by à 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 testing is 
also neoessary beoause of saline irrigation water. 
Praotioally all laboratories engaged in routine testing of 
greenhouse soils employ one or another water-extraction tech
nique. The equeous extracts are primarily used to determine 
the salinity level of the soils by means of measuring the 
eleotrioal conductivity. Some laboratories use aqueous extra
cts also for the determination of nutrient levels. Most la
boratories, however, extract the nutrients with other extrac-
taats, like diluted a d d s and buffer solutions. As compared 
with water, such extract ants generally extract larger amounts 
of nutrients. 

From researoh work at Naaldwijk, the oonolusion oan be drawn 
that aqueous extracts are most suited for the determination 
of the nutrient levels of greenhouse soils. I want to give 
some resukts of this work. 
The analytical results of these extracts were closely cor
related. For potting - and culture media, there are problems 
in the interpretation of the analytical results of aqueous 
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weight e x t r a c t s as the o rganic-mat te r content of t hese media 
does not give an accurate es t imate of t h e i r water -holding c a 
p a c i t y . There a re i n d i c a t i on s t h a t a wa t e r - ex t r a c t i on method 
i n which volume samples of t he media a re measured i n a s t and 
ardized manner w i l l o f fe r good p o s s i b i l i t i e s . 

Mass flow of n u t r i e n t s 

One of t he i n v e s t i g a t i on s was c a r r i ed out on 75 s o i l samples 
which were t aken i n as many greenhouse used f o r tomato grow
i n g . The following s o i l t ypes were equal ly represented: loamy 
sand, sandy loam, loam, peaty c lay , and clayey p e a t . The t o 
mato crops were in t he p ick ing period during t h e sampling. 
The moisture content of t he f i e ld -mois t s o i l samples were 
approximately equal t o t h e moisture contents at pP 1 .8 . 
Prom t h e f i e ld-mois t samples, p ress e x t r a c t s were obtained 
by means of an hydrau l ic p r e s s . I t was show t h a t t he e l e c 
t r i c a l c onduc t iv i t i e s of t he p r e s s e x t r a c t s equal led those 
of t he s o i l s o lu t ions [ 2 ] . The same was shown for the p o t a s 
sium-, magnesium-, ca lcium-, sodium-, n i t r a t e - , s u l pha t e - , 
and ch lor ide contents but not for t h e phosphate c on t en t s . 
I t i s l i k e l y t h a t t he phosphate contents of t he p ress e x t r a 
c t s were in most cases cons iderably lower than those of the 
s o i l s o l u t i o n s . 

The average va lues of t h e a n a l y t i c a l da ta of t he p ress ex 
t r a c t s are l i s t e d i n Table 1 . Prom t he da ta of t h i s t a b l e 

Table 1 . Average va lues of t he r e s u l t s of a na ly s i s made 
on the p ress e x t r a c t s . 

Calcium 
Sulphat e 
N i t r a t e 

Magne s ium 
Chloride 
Sodium 
Potassium 
Ammonium 
Bicarbonate 

49.9 
45.7 
20.7 

18.7 
16.2 
13.6 
6.4 
1.0 
0.4 

me/1 
n 
n 

n 
n 
ft 
it 
ft 
ft 

Phosphate 

E l e c t r i c a l 
conduc t iv i ty 

Osmotic p ressure 

6.4 

6.7 

2.2 

mg P 2 0 5 / 1 

mmho/cm(25°c) 

atm (0°c) 
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and some data which were given by Spithost £9] and van der 
Post et al. [5]| conclusions can be drawn with respect to 
the supply of nutrients to the root surface, 
Spithost determined the amounts of major elements which were 
taken up by a high-yielding tomato orop. His data are given 
in the column "uptake* of Table 2. Van der Post et al. cal
culated that the tomato crop in question has taken up about 
300 mm of water. 

Table 2. Amounts of nutrients taken up by a high-yielding 
tomato crop in comparison with calculated values 
for the amounts supplied to the root surface by 
mass flow of the soil solution. 

Na20 
MgO 
CaO 

8° 
C1 J 

ff 
*2°5 

Uptake 
(kg /a re ) 

0 .5 
1.5 
6 .8 
7 .5 
5.0 
3.0 
4 .0 
1 .4 

Supply 
( kg / a r e ; 

12.6 
11.3 
41 .9 

9.0 
54.8 
17 .3 

9.1 
0 .19 

Uptake 

25.2 
7 .5 
6.2 
1.2 

11.0 
5.8 
2 .3 
0.14 

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 representive for the chemical composition 
of the soil solution, then the mass flow mentioned should 
have supplied an,amount of nutrients to the roots which 
is given in the oolumn "supply"" of Table 2. 
This table shows that in tomato cultures in the Netherlands 
the amounts of sodium, magnesium, calcium, sulphate, and 
chloride transported to the roots by mass flow are on the 
average much larger than the amounts taken up by the roots. 
The amounts of nitrogen and potassium supplied by mass flow 
are relatively much smaller. However, they are large enough 
to meet the nitrogen- and potassium requirements of the 
crop, at least if the levels of nitrogen and potassium 
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in the so i l are not lower than the levels which are usual 
for tomato growing. 
The amount of phosphate that reaches the roots by mass flow 
i s on the average larger than the amount given in Table 2 . 
The l a t t e r amount i s too small as the phosphate contents of 
the press extracts were lower than those of the so i l so lu t 
ions . Probably, the phosphate content of a saturation extract 
does agree with that of the so i l solut ion. Prom saturation 
ex t rac ts , the amount of phosphate supplied by mass flow was 
assessed at 0.45 kg Pp^S ^ e r a r e # T n* s amount i s only about 
one t h i rd of the amount of phosphate taken up by the crop. 
So, a great part of the phosphate uptake must reach the 
roots by interception or diffusion. 
Experiences gained in routine t es t ing of greenhouse so i l s 
and data obtained in several investigations indicate that 
with most crops the r a t ios "supply/uptake" are not much 
smaller than those found for the tomato. Therefore, the con
clusion can be drawn that in the so i l t e s t ing in behalf of 
greenhouse cultures i t i s not necessary to extract larger 
amounts of nutr ients from the so i l than the amounts which 
are present in the so i l solution, phosphate leaved out of 
consideration. So, for instance, i t i s not necessary to de
termine exchangeable ca t ions . Consequently, extraction met
hods developed for the determination of exchangeable cations 
are not preferable, the more so as the in terpreta t ion of 
the amounts ci' exchangeable cations i s ra ther d i f f i cu l t . 
The in terpretat ion of the amounts of nutr ients in the so i l 
solution i s comparatively very simple. Por the analysis of 
greenhouse so i l s , therefore, those extraction methods are 
preferable with which a good estimation of the chemical 
composition of the so i l solution can be obtained. As far as 
I know, water-extraction methods only are suited to t h i s 
purpose. 

Saturât ion-and 1:5 extracts 

The Research Station at Naaldwijk has used a water-extrac-
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t ion technique for many years. The soi l : water ratio em
ployed i s 1:5 by weight. In the 1:5 extracts, the eieotrioal 
conductivity and the chloride-, nitrogen-, phosphate-, po
tassium-, and magnesium oontents are determined. The ana
lyt ica l data, with the exoeption of those for phosphate, are 
adjusted to soil-moisture level , for whioh they are multi
plied by Sffl, p being the moisture content of the so i l 
at f ie ld capacity. This moisture oontent i s estimated by 
means of the organic-matter oontent of the s o i l . The way 
upon which this i s done has been described previously [ 2 j . 
For so i l s with an organic-matter oontent between 3 and 40 
per cent, i t proved very aoourate. 
in the above-mentioned investigation on 75 greenhouse so i l s , 
analytical data of 1:5 extracts, after adjustment so s o i l -
moisture level , were oompared with analytical data of press 
extracts, for whioh coefficients of correlation were oalou-
lated. The correlation coefficients found are given in the 
seoond oolumn of Table 3 . The correlation ooeffloients for 
nitrate, ohloride, and potassium are high. Those for magnes
ium and eieotrioal conductivity are lower.It i s l ikely that 
the poorer correlation for eieotrioal conduotiylty was cau
sed primarily by varying quantities of grypsum dissolved in 
the 1:5 suspensions due to variations in grypsum oontents 
of the so i l s examined. For th is reason, the coefficient of 
multiple correlation was calculated for (a) values of the 
eieotrioal conductivity of press extracts and (b) adjusted 
values of the eieotrioal conductivity and the sulphate oon
tent of 1:5 extracts. As in consequence of dissolution of 
gypsum, adsorbed magnesium will be exchanged by calcium, 
'suoh a multiple-correlation coefficient was also calculated 
for magnesium* The multiple-oorrelation coefficients found 
are given in the third oolumn of Table 3 . 
Saturation extracts were also included in the investigation 
Coefficients of correlation between analytical data of sa
turation extracts and those of press extracts are l i s ted 
in the fourth oolumn of Table 3» 
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Table 3 . Coefficients of correlation between analytical data 
of press ex t rac ts , on the one hand, and those of 
saturation extracts and of 1:5 extracts adjusted to 
soil-moisture l evel , on the other hand. 

Ni t r a t e 
Chloride 
Potassium 
Magnesium 
E l e c t r i c a l 
conduc t iv i ty 

Press 
1:5 

r 

o:940 
0.965 
O.927 
0.820 

0.752 

ext r ac t s and 
ext r ac t s x 

Rxx 

0.873 

0.884 

Press e x t r a c t s and 
s a t u r a t i o n e x t r a c t s 

r 

0.931 
0.957 
0.965 
0.908 

0.890 

analyt ical data adjusted to soil-moisture l eve l , 
^mul t ip le -cor re la t ion coefficients with as extra variable 

the sulphate content of 1:5 extracts adjusted to soil-moistu
re ' l eve l . 

Prom the data of t h i s table and from data mentioned before, 
the conclusion can be drawn that the e l ec t r i ca l conductivity 
and the n i t r a t e - , chloride-, potassium-, and magnesium con-
tens of the soi l solution can be estimated sa t i s fac tor i ly 
with both the sa turat ion- and the 1:5 ex t rac t . Both extracts 
have advantages and disadvantages. The 1:5 extract has the 
advantage that i t s preparation i s simple. This advantage i s 
very important for routine so i l - tes t ing purposes. Disadvan
tages of the use of the 1:5 extract are that the soi l needs 
to be dried and that organic matter and sulphate need to be 
determined. These disadvantages do not occur in the use of 
the saturation ex t rac t . However, the saturation extract has 
the disadvantage that i t s preparation i s very laborious. For 
t h i s reason, most laboratories do not use the saturation 
extract for routine so i l - t e s t ing purposes. 
On the other hand, the saturation extract i s often used for 
research purposes. The reason of t h i s i s that the r e l a t ions 
hip between the chemical composition of the saturation ex
t r ac t and that of the so i l solution i s ra ther simple. However, 
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this relationship is more complicated 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 
Chloride 
Potassium 
Magnesium 
Elect r ica l 
conductiTity 

y = 0.556 x + 0.6 
y = 0.526 x - 0.3 
y = 0.705 x + 0.4 
y = 0.546 x + 0 . 3 

y = 0.619 x + 0.2 

x • analytical data of press extracts 
y = analytical data of saturation extracts 

of these equations are small. Therefore,, the regression coef
ficients only are important. One of the conclusions which >-••• 
can be drawn from the regression coefficients is that the 
potassium: magnesium ratio in the saturation extract differs 
considerably from that in the soil solution. 

2 + 1 extracts 

Sonneveld and van den Ende [8] studied s t i l l another water-
extraction technique. The extract employed wi l l be termed 
2 + 1 ex t rac t . I t i s prepared by f i l t r a t i on of a suspension 
obtained by adding sufficient s o i l t o two par ts of water so 
that the t o t a l volume i s increased by one p a r t . 
In an investigation on different so i l types, l ike loamy 
sand, loam and clayey peat, analyt ical data of 2 + 1 ex t ra 
c ts were compared with analyt ical data of saturat ion ex
t r a c t s , for which coefficients of correlat ion were calcula
t ed . The correlation coefficients found a re - l i s ted in Ta
ble 5 . All of them are high. 
From these correlation coefficients and from data mentioned 
before, the conclusion can be drawn that the 2 + 1 extract 
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Table 5 . Coeff ic ients of c o r r e l a t i on between a n a l y t i c a l da ta 
of s a t u r a t i on e x t r a c t s and those of 2 + 1 e x t r a c t s . 

Cor re la t ion c o e f f i c i en t s ( r ) 

Nitrogen 0.982 
Chloride 0.976 
Phosphate 0.943 
Potassium 0.965 
Magnesium 0.960 
E l e c t r i c a l 
conduct iv i ty 0.948 

o f f e r s good p o s s i b i l i t i e s fo r t he e s t imat ion of t he e l e c t r i 
c a l conduc t iv i ty and t h e n i t r a t e - , c h l o r i d e - , potassium-, 
and magnesium contents of t he s o i l s o l u t i o n . The 2 : 1 
ex t r ac t l acks the d isadvantages of t he 1:5 e x t r a c t . So, t he 
s o i l needs not be d r ied and organic mat te r and su lphate 
need not be determined. For t hese r easons , t he 2 + 1 ex t r ac t 
could be a good s u b s t i t u t e for t he 1 : 5 e x t r a c t . Por r ou t ine 
s o i l - t e s t i n g purposes, however, t he p r epa ra t ion of t he 2 + 1 
ex t r ac t g ives s t i l l some d i f f i c u l t i e s . l t i s worth t r y i ng 
t o overcome these d i f f i c u l t i e s . 

Phosphate 

In the foregoing, the phosphate contents of the extracts 

were not discussed. The reason of this is that the beha-

viour of phosphate differs considerably from the behaviour 

of the other major elements. 

With increasing water : soil ratio the concentration of 

phosphate in solution tends to be more or less constant 

as a result of the large reserves in the soil and their low 

solubility. Only if the water : soil ratio is raised to 

a high value can a significant decrease in concentration 

be expected. 

'In cur 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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1 : 5 -, and 2 + 1 extracts were more or less equal. It is 

likely that these phosphate concentrations more or less 

equalled the phosphate concentration in the soil solution. 

In experiments with lettuce, Roorda van Eysinga [6] inves

tigated the suitability which a number of extraction methods 

has for the determination of the phosphate level of green

house soils. 

Afferent extractants, like water, citric acid, and buffer 

solutions, were included in the investigation and the extrao-

tant water was tested in different soil : water ratios in

cluding the 1 : 5 ratio. 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 

relationship was almost equally stringent. This is easy to 

understand as the analytical data found with the various 

methods were mutually highly correlated. 

Evidently, many extraction methods can be used for the de

termination of the phosphate level of greenhouse soils. Por 

routine testing of the phosphate level, it is a matter of 

oourse to use an extraction method which is used also for 

routine testing of the levels of other major elements. 

Volume extracts 

Several laboratories use water-extraction methods in whioh 

soil and water are measured by volume. The extraots obtained 

by means of these methods will be termed volume extraots. 

A few volume extracts employed are the 1 t 2.5 - and 1 : 5 

volume extracts (soil : water ratios expressed in v/v). 

Volume extraots are used especially for the determination 

of the salinity level of soils. At first, it was thought 

that the electrical conductivity of volume extracts is a pre-

oise standard for the salinity level. However, this is not the 

oase beoause the various soil types have different water-

- holding capacities. Therefore, it is necessary to correct 

the electrical conductivity of volume extracts. Besides 

on the water-holding capacity, the correction can be based 
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also on quantities which are closely related to this capacity, 

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-, potassium-, and magnesium con

tents of the soil solution. They have the advantage that the 

soil 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. Por peat soils, it is necessary to standardize the 

method of volume measurement very precisely as otherwise 

erratic analytical results may be obtained £3]. 

Potting -and culture 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 also 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. So, it is likely that the ratio between 

supply and uptake of nutrients for crops grown in these 

media more or less equals that for crops grown in green

house soils. For this reason, the Research Station at 

Naaldwijk uses water-extraction methods for the analysis 

of potting soils and culture substrata. Por purposes of 

routine analysis, the soil : water ratio employed is 1:25 

by weight. This wide ratio is necessary in connection with 

the graat water-holding capacity of many media. 
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In the 1 : 25 ext racts , the e l ec t r i ca l conductivity and the 
chlor ide- , nitrogen-, phosphate-, potassium-, and magnesium 
contents are determined. The analyt ical data, with the ex
ception of those for phosphate, are adjusted to the moisture 
content at pP 1,5, for which they are multiplied by ?g|9,P 
being the organic-matter percentage (5 P = estimate of the 
moisture content at pP 1.5). The adjustment i s ra ther cor
rect for growth media which have an organic-matter percen
tage below 50 and do not contain a r t i f i c i a l mater ia ls . For 
other media, i t i s not r e l i a b l e . This was shown by Sonneveld 
[ 7 ] in an investigation on growth media of very different 
compositions: different types of peat) mixtures of peat and 
sand) and mixtures of peat, sand, and p e r l i t e or vermiculi te . 

600r 

y»3Mx*84J 
f - 0*764 

o - mixtun with partit* 
or vermJculihi 

20 60 
% organic matter 

100 

Pig. 1 . The re lat ionship between organic-matter content and 
M-value at pP 1.5 for growth media of various compositions 
(M-value » moisture content in grammes per 100 g dry matter) 
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600 

400 

200-

y-65.63.1-27.1 
-aszs 

02 OA as 
Bulk density 

Fig. 2 . The relationship between bulk density and M-value 
at pF 1.5 for the growth media of f ig.1 (M-value - moisture 

content in grammes per 100 g dry matter) 

His data in respect of the relat ionship between the organic-
-matter content and the moisture content at pF 1.5 are given 
in F i g . 1 . 
Sonneveld investigated also the relat ionship between the 
moisture content at pF 1.5 and the bulk density. His data 
in respect of t h i s re lat ionship are presented in F ig .2 . 
From t h i s f igure, i t i s apparent that adjustment of analy
t i c a l r esu l t s by means of the bulk density i s not re l iable 
for growth media which have a bulk density below 0 .2 . 
As far as I know, the only way to get to a correct adjust
ment of analytical r esu l t s of 1 : 25 extracts i s determi
nation of the moisture content at a suited pF value. For 
purposes of routine analysis , however, such a determination 
i s too laborious. For these reasons, the Research Station 
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at Naaldwijk t r ies to find an useful water-extraction method . 
with which adjustment of analytical results i s not needed. 
The saturation- and 2 + 1 extracts do not offer poss ibi l i t ies 
for the routine analysis of growth media. Por the 2 + 1 
extract, the reason of that i t s preparation i s impossible 
for growth media which contain peat with a low bulk density. 
As to the saturation extract, i t s preparation i s not only 
very laborious but in addition many growth media do not have 
a clear condition of water saturation. 
At present, the poss ibi l i t ies of a volume .extract are studied. 
The results obtained t i l l now are very promising. 

S u m m a r y 

In greenhouse cultures, it is of importance to know the ohem-

ioal composition of the soil solution. In an investigation 

at the Researoh Station at Naaldwijk, the chemical composi

tion of the soil solution was compared with the ehemioal 

composition of both the saturation extraot and the 1 : 5 

weight extract. Both extracts gave satisfactory estimates 

of the electrical conductivity and the chloride-, nitrate-, 

potassium-, and magnesium oontents of the soil solution. 

A correct comparison oould not be established for phosphate. 

For this element, the method whloh was applied to obtain 

the soil solution did not meet the requirements. Therefore, 

the following statements do not apply to phosphate. 

There was a simple relationship between the chemical composi

tions of the soil solution and the saturation extract. How

ever, the-preparation of this extract is too laborious for 

routine soiltesting purposes. In order to obtain satisfactory 

estimates by means of the 1 : 5 weight extraot, it was neces

sary to determine the sulphate content of this extraot. The 

moisture content of the soil at field capacity had to be know 

as well. This moisture content was calculated from the orga

nic-matter content of the soil. 

In another investigation, a comparison was made between the 

saturation extract and an extraot which was termed 2 + 1 

ext ract. 
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fl. BaH aeH EHfle 

AHajiH3 TeiuiMMHbix H ropiae^HHx TIOHB H nwTaTeJiBHux cpea 

P e 3 ra M e 

B B03fleJiHBaHMH OBomefó 3aKpuToro rpyHTa Hanöojiee BaHCHHM HBJIH-

eTCH 3HaK0MCTB0 xHMH^ecKoro cocTaBa no^ïBeBHoro pacTBopa. 

B OIMTHOfó CTaHUMK HaaJIBflBHÜK XMMĤ eCKHM COCTaB ncRBeHHoro 
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pacTBopa cpaBHHBajui c pacTBopou HacumeHHUM H Taicra, B KOTO-

poir SKCTpampoBaJiH noiBy B BBCOBOM cooTHomeHHH 1 : 5 . Onpe-
SeJieHHH XJIOpMaOB, HHTpaTOB, KaJIHH, MarHHfl H SJieKTpOnpOBOSHMO-

CTM B oöowx pacTBopax no cpaBHeHHo c noiBeHHHii pacTBopoM 

maao xopomme pe3yjiBTaTU, osüaico He yaanocB nojiy^HTB nojio-

KHTejiiHOfl KoppeJiHUMH SJifl $oc$aTOB. Meiay ÜOIBeHHHil H Hacu-

meHHUM pacTBopoM ycTaHOBJieHa npaMan Koppennmifl, oaHaieo 

HsroTOBJieHHe laicoro pacTBopa B cjiyiae waccoBUx aHajiH30B H B -
JÏH6TCH CpaBHMTeJIBHO TpySOëHKHU. fe nOJiyieHHH npH BHJIBHHX 
onpeAeJieHHü npw sKCTpampoBaHnii n o o u B COOTHOO6HHH 1 :5 

Heoöxoamio aHaflHSHpoBaTB aKCTpaKT Ha coaepacairae cyjii$aTOB 

H onpeaejiHTB nojieByn BJiaroëiiKocTt noqBu. 

B apyroro posa MccsteaoBaHnnx cpaBHOBajin HacfcmeHHHft SKCipaKi 

c SKCTpaKTOM naayqeHHHM cneuwajiBHUM cnocoÖOM npn oÖteiiHOM 

cooTHomeHHH Meacay noiBOft » 3KCTpaKU,noHHMM pacTBopoM 1 : 2 . 

Pe3yaBTara aHaJuraa STHX aByx BHAOB aiecTpaicTOB ÖUJIM oieHB 
CX03HHMH. 

Eonee 3HaMHTejiBHue ipyaHOCTH H cBH3aHHue c HMMH npoÓneuH 
BOSHMKajiH B HCCJieÄOBaHHHx icacaioDwxH aHamisa nHTaiejiBHHx 
cpea . 


