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Introduction 

The UK growing media and Horticulture industries have diversified the supply chain of raw 

materials for containerised plant production.  Based upon availability, cost and suitability, a 

range of responsibly sourced growing media (RSGM) has been selected to offset peat 

dependency.  RSGM includes sources of coir, bark, wood fibre and green compost that 

meet the criteria of the Responsible Sourcing & Manufacture of Growing Media Scheme 

(http://www.the-hta.org.uk/page.php?pageid=1453).  For some applications, peat can be 

replaced with a single raw material e.g. coir is used in strawberry table top production 

systems. For many applications however, a blend of materials is necessary to meet 

production cost and product quality criteria.  It is the consistency of raw materials and their 

impact on plant performance when mixed to form a growing media blend, which is the key 

challenge to provide alternatives to peat.  The AHDB and Defra joint funded project CP 138 

is providing a practical mechanism to ease this transition and predict blend performance 

from the range of available RSGM raw materials.  The ability to predict performance is 

based upon the accurate measurement of growing media physical and chemical properties, 

which include air filled porosity (AFP), available water (AW), dry bulk density (Db), total 

porosity, shrinkage, electrical conductivity (EC), pH, and cation exchange capacity (CEC).  

Whilst BS/CEN standards exist for bulk commercial sampling of growing media (e.g. CEN/TC 

223; Standards for soil improvers and growing media), a concise laboratory manual does not 

exist for the modern range of RSGM.  Important differences between TC 223 and the 

current monograph involve sample preparation hydration timings, which affects calculated 

air and water properties, the development of a CEC assay and inclusion of refined AFP 

methodology.  This monograph is therefore timely and draws together key techniques that 

have been formulated by growing media industry and science experts and can be used in 

conjunction with the outputs from CP138 to continually characterise, understand, develop 

and refine RSGM performance. A range of currently available RSGM raw material was 

sourced from leading commercial growing media manufacturers for testing; only data from 

these raw materials are presented in this technical monograph. 

 

 

      

     

    

  

http://www.the-hta.org.uk/page.php?pageid=1453
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Air-filled porosity (AFP) 

This method was developed after Bragg 

and Chambers (1988). The AFP value 

calculated by this method is specific to the 

dimensions of the chambers used 

(Appendix 1). 

 

Figure 1. Samples in AFP chambers ready 
to be hydrated. 

AFP chambers (height: 10.5 cm, diameter: 

11 cm) were lined with green mesh to 

prevent the growing media adhering to the 

chamber surfaces. The chambers were 

filled with raw materials to within 1-3 cm 

of the upper collar lip, making sure there 

were no air voids and that the raw material 

structure was not broken down or 

compressed (Figure 1). The samples were 

placed in a water bath with the water level 

raised to 1 cm below the upper collar lip. 

Samples were soaked for 16 hours to 

ensure complete saturation and were 

placed on a draining rack and allowed to 

drain for 10 minutes. The samples were 

then soaked twice more, this time for one 

hour and allowed to drain for 10 minutes 

for each cycle (Appendix 1). At this point 

the samples were at terminal volume. 

To determine AFP, the collar was removed 

and the sample levelled to the top of the 

chamber. The sample was then soaked 

until saturation and then left for a further 

hour. The chamber was removed from the 

water bath, allowed to drain for 30 

minutes and the leachate collected, 

weighed and the AFP calculated (Appendix 

1). 

AFP method comparison 

This data was compared with Bragg and 

Chambers (1988) to assess the accuracy of 

the amended method. 

The amended method (Appendix 1) 

showed less variation compared with 

Bragg and Chambers (1988; Figure 1). The 

variation for mean AFP values across media 

types from the Bragg and Chambers (1988) 

method ranged from 0.66 to 5.81%, whilst 

Air-filled porosity (AFP) 

What is air-filled porosity? 

The proportion of air filled pores after 

gravitational drainage from saturation. 

What effect does it have? 

Plant roots require an adequate supply of 

oxygen to maintain growth (respiration), 

but also discharge waste gases which 

include carbon dioxide and ethylene to the 

atmosphere. A growing medium must 

have sufficient pore space for the roots to 

remain aerated, but not to the extent that 

the plant is drought stressed. AFPs of 10-

25% are typical in growing media for pot 

grown plants, although the target values 

will be substrate and plant specific. 

Low AFP: There are not enough air spaces 

present to sufficiently aerate the roots, 

resulting in root damage and potentially 

whole plant loss.  

High AFP: The air spaces present are too 

large and the medium drains quickly. The 

growing medium will have to be irrigated 

frequently to prevent drought stress. 
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the variability in the amended method 

ranged from 0.33 to 3.88% AFP.  

The amended version of the method 

performed particularly well on bark 

samples. These samples were from a range 

of species, such as pine and larch, and fell 

into the size categories 0-8 mm and 5-12 

mm. The variation around the mean values 

for these samples ranged from 0.66-4.52% 

in the original method, compared with 

0.33-1.33% AFP in the amended method. 

The reduction in variation between 

replicates for the bark samples is likely to 

be due to the increased soaking time of the 

samples prior to analysis. 

Where the means are different for the two 

methods, in almost all cases, the original 

method has a higher AFP than the 

amended method (Figure 2). These data 

suggest that samples tested with the 

original method were not being fully 

saturated prior to analysis, and therefore 

the sample has a higher starting AFP. The 

amended method allows a more accurate 

test for a wide range of growing media raw 

materials.

 

 

Figure 2. Mean air-filled porosity (AFP) of 15 raw material samples tested in triplicate, with 
the original method of Chambers and Bragg (1988) and the amended method in this study. 
Vertical bars denote standard errors with 2 degrees of freedom (d.f.).  Sample codes: a = 
potting bark, b = pine bark 5-12 mm, c = solid anaerobic digestate, d = spent mushroom casing, 
e = coarse perlite, f = medium vermiculite, g = spent mushroom casing, h = spruce bark 0-8 
mm, i = spruce bark 0-8 mm, j = medium perlite, k =  pine bark 0-8 mm, l = fine vermiculite, m 
=  pine bark 0-8 mm, n = superfine vermiculite, o = superfine vermiculite.

There were differences between the AFP 
of the different growing media raw 
materials tested in the first year of this 
study (Table 2). The different peat types 

had similar AFPs at under 10%; these were 
the lowest AFPs for the materials tested. 
The highest AFP was for the potting bark 
at 46.2%. 
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Table 1. Measured values of AFP (%) for a selected growing media material within a raw 
material type. 

Growing media raw material AFP (%) Growing media raw material AFP (%) 

Coarse 
peat (10-
25 mm) 

 

29.5 ± 
1.0 

Green 
compost (0-

10 mm) 
 

14.6 ± 
0.6 

Fine peat 
(0-5 mm) 

 

9.1 ± 
0.2 

Wood fibre 
(mechanically 

extruded) 

 

32.1 ± 
1.7 

Bark (0-8 
mm) 

 

16.3 ± 
1.5 

Vermiculite 
(superfine) 

 

11.9 ± 
1.7 

Potting 
bark (5-16 

mm) 
 

46.2 ± 
1.2 

Perlite 
(medium) 

 

21.3 ± 
0.6 

Buffered 
coir (0-12 

mm) 
 

15.2 ± 
2.0 
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Available water and physical properties 

Available water and aligned physical 

properties were measured using the sand 

bath and pressure plate.  This was done 

because the sand bath gave reliable data 

up to 5kPa suction; beyond this and up to 

10kPa the pressure plate proved reliable.  

Both suctions 5 and 10 kPa, have been 

reported when analysing growing media 

for available water. The sand bath is the 

growing media industry standard 

technique (5 kPa suction) and confers the 

additional advantage of larger sample rings 

and accommodation of bulky growing 

media materials. 

Sand bath, up to 5 kPa suction 

This method was developed using BS EN 

13041:2011; ‘Soil improvers and growing 

media’. Determination of physical 

properties which include dry bulk density, 

air volume, water volume, shrinkage value 

and total pore space can also be calculated 

using this methodology (Appendix 2).  

Sand baths were built in accordance with 

BS EN 13041:2011, Annex A. 

Two large sample containers with muslin 

attached to the underside, were filled with 

growing media, to avoid compaction or air 

voids in the sample. The samples were 

then placed in a water bath, which was 

then slowly filled from below to just above 

the height of the sample in the container. 

Once the samples were fully hydrated they 

were placed on a wetted sand bath and -50 

cm (5 kPa) of water pressure head was 

applied for 48 hours to allow samples to 

equilibrate (Figure 3). 

Available water (AW) 

What is available water? 

The amount of water present after the 

medium has been saturated and allowed 

to drain, less the amount still present at 

permanent wilting point. A growing 

medium may have a low available water 

capacity because it has low total porosity, 

there is poor interconnectivity between 

pore spaces or conversely the pores are 

relatively large, well connected and water 

drains rapidly under the influence of 

gravity.  Whilst AW can be influenced by 

particle size it can also be encapsulated 

within plant / moss cell structures such as 

those found in peat substrates. 

What effect does it have? 

The ability of a plant to extract water 

from a growing media is critical for plant 

growth. A growing media should have a 

relatively large amount of available water 

to overcome potential water loss through 

evapotranspiration. Time taken for plants 

to wilt is not necessarily proportional to 

the available water and as such different 

media either alone or in combination 

require different water management 

strategies to achieve optimal plant 

performance e.g. see Bragg (1995).   

Low AW: The plant is unable to extract 

enough water from the medium for 

growth, resulting in wilting and whole 

plant loss. 

High AW: The plant could become 

waterlogged if it is watered too much 

and/or too frequently. This can be 

overcome by careful irrigation 

management. 

http://shop.bsigroup.com/ProductDetail/?pid=000000000030207925
http://shop.bsigroup.com/ProductDetail/?pid=000000000030207925
http://shop.bsigroup.com/ProductDetail/?pid=000000000030207925
http://shop.bsigroup.com/ProductDetail/?pid=000000000030207925
http://shop.bsigroup.com/ProductDetail/?pid=000000000030207925
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Figure 3. Samples being tested on a sand 
bath. 

The containers were removed from the 

sand bath and the sample taken out of the 

container and mixed thoroughly. The 

mixed sample was used to fill three smaller 

containers (each made up of two 6 cm (h) 

x 10 cm (d) sections), with muslin attached 

to the underside. The samples were the re-

wetted in the water bath until fully wet and 

transferred to the sand bath, where -10 cm 

(1 kPa) water pressure head was applied. 

The samples were allowed to equilibrate 

for 48-72h.  These were subsequently 

weighed every 24h to reach equilibrium, 

established at the point when there was 

less than a 10 g change in weight compared 

to the previous day for 3-4 consecutive 

days. 

The upper and lower sections of the 

sample containers were separated and the 

sample was sliced off to be level with the 

top of the lower section. The sample was 

weighed again and returned to the sand 

bath where -50 cm (5 kPa) water pressure 

head was applied. The sample was left to 

equilibrate as before and the weight 

recorded when equilibrium was reached. 

 

Pressure plate, up to 10 kPa suction 

The sand bath analysis was carried out 

contemporaneously with pressure plate 

(Soil Moisture Equipment Corporation, 

California, USA) testing (Figure 4).   

 

Figure 4. Samples being tested in a 
pressure plate system. 

Each sample was saturated in two large 

containers using a water bath. The sample 

was thoroughly mixed and used to fill two 

smaller containers (each 5.3 cm (h) x 5.7 

cm (d)), with muslin attached to the 

underside. The samples were then re-

wetted in the water bath until fully wet and 

transferred to the pressure plate, which 

had been saturated for 24 hours before 

use. Any excess water was drained off 

before attaching the outflow pipe. The 

pressure plate system was sealed and 0.05 

bar pressure (5 kPa) was applied to the 

samples. The leachate from the outflow 

pipe was recorded daily until the samples 

were at equilibrium (less than 10 g change 

in weight compared to the previous day for 

3-4 consecutive days). 

The samples were removed from the 

pressure plate and weighed. They were 

returned to the pressure plate system and 

0.1 bar pressure (10 kPa) was applied to 

the samples. The leachate from the 

outflow pipe was again measured daily 

until the samples had reached equilibrium. 

All equilibrated samples were removed 

from the sand bath and pressure plate and 

oven dried at 100°C for 48 hours without 

the muslin; the weight was recorded 

before and after drying. The mean height 

and diameter of the sample after drying 

was also recorded (Appendix 2). 
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Comparison of sand bath and pressure 

plate at 5 kPa suction 

Data were analysed using Pearson’s 

correlation coefficient. There was a 

significant positive correlation between 

the values for the available water at 5 kPa 

obtained from the sand bath and pressure 

plates (Figure 5 5), with an r value of 0.947 

(d.f. 71, p < 0.001). This indicates that the 

sand bath and pressure plates give 

consistent results for the range of growing 

media types. It also indicates that the 

available water method is reliable and 

comparable when using either method at 5 

kPa suction.  The available water expressed 

as % volume of the raw materials ranged 

from 21.4% for perlite to 41.9% for fine 

peat (Table 2). Fine peat, coir and 

vermiculite exhibited the highest available 

water volumes for the raw materials 

sampled of close to 40%.

 

Figure 5. Correlation of available water expressed as % volume, measured at 5 kPa with two 
different methods; sand baths and pressure plates; r=0.947, with 71 d.f. 
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Table 2. Measured available water expressed as % volume, at 5 kPa for sand baths and 
pressure plates for a selected growing media material within a raw material type. 

Growing media raw material 
Measured available water (%) at 5kPa 

Sand bath Pressure plate 

Coarse peat (10-
25 mm) 

 

36.8 ± 0.4 34.8 ± 0.3 

Fine peat (0-5 
mm) 

 

41.9 ± 0.2 40.2 ± 1.0 

Bark (0-8 mm) 

 

32.3 ± 0.2 31.4 ± 0.1 

Potting bark (5-
16 mm) 

 

26.6 ± 0.6 26.7 ± 0.3 

Buffered coir (0-
12 mm) 

 

37.5 ± 0.4 35.5 ± 1.0 

Green compost 
(0-10 mm) 

 

35.8 ± 0.4 32.5 ± 1.4 

Wood fibre 
(mechanically 

extruded) 

 

24.7 ± 0.3 29.4 ± 0.3 

Vermiculite 
(superfine) 

 

40.7 ± 0.3 39.0 ± 1.3 

Perlite 
(medium) 

 

21.4 ± 0.1 26.7 ± 0.3 
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Cation exchange capacity 

As no British Standard has been developed 

for cation exchange capacity (CEC) in 

growing media, this method was based on 

BS EN 23470:2011 (Soil quality. 

Determination of effective CEC and 

exchangeable cations using a 

hexamminecobalt trichloride solution) and 

Method 16 of RB427 Analysis of 

Agricultural Materials (ADAS/MAFF, 1986). 

The method uses ammonium acetate to 

extract the cations from raw material 

samples (Appendix 3). Prior to extraction, 

all samples were air dried to a uniform 

consistency and the material was ground 

with a pestle and mortar to pass through a 

2 mm sieve. 20 ml of 1 M ammonium 

acetate was added to 5 g of the sample, 

stirred and left to stand overnight. The 

suspension was filtered and the filtrate 

collected. The raw material sample in the 

filter was leached with 25 ml volumes of 1 

M ammonium acetate and the funnel was 

allowed to drain between each addition 

until nearly 250 ml had been collected. This 

was diluted to 250 ml with 1 M ammonium 

acetate and analysed for calcium, 

magnesium, manganese, potassium and 

sodium. 

The funnel interior, the raw materials and 

the filter paper were rinsed with five 25 ml 

volumes of ethanol, draining the funnel 

between rinses and discarding the 

washings. The raw materials were leached 

with successive 25 ml volumes of 

potassium chloride solution (10 % m/V) 

and the leachate collected. This was 

repeated until nearly 100 ml was collected 

and then it was diluted to 100 ml with 

potassium chloride solution and analysed 

for cation exchange capacity. 

 

The results from the cation exchange 
testing can be found in Table 3. There was 
a wide range of CEC recorded in the raw 
materials, with the fine peat, bark and 
green compost having the highest CECs 
(15.1 to 18.0 meq 100 cm-3) and perlite 
having the lowest CEC (0.9 meq 100 cm-3). 

 

Cation exchange capacity 

(CEC) 

What is cation exchange capacity? 

The sum of the exchangeable cations or 

bases that a medium can absorb per unit 

weight. This is expressed as milligram 

equivalents per 100 cm3 (meq 100 cm-3) 

because of the differences in the 

volume:weight ratios of the selected 

raw growing media materials. Media 

particles have negative charges on their 

surface, which can attract and adsorb 

cations from fertilizers such as Ca2+, 

Mg2+ and K+. 

What effect does it have? 

The cation exchange capacity (CEC) 

helps to regulate the supply of certain 

nutrients, such as Ca2+, Mg2+, K+, NH4
+ 

and Na+. CEC also affects the regulation 

of pH.  Growing media with a high CEC 

will recover more quickly from 

acidification compared with a media 

with a low CEC. 

Low CEC: The medium doesn’t hold on 

to cations in fertilizer added, resulting in 

nutrient deficiencies particularly in K+ 

and Mg2+. 

Low CEC: The media retains relatively 

large concentrations of cations and 

ideally makes them easily available to 

plants roots but prevents leaching when 

irrigated. 
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Table 3. Measured CEC (meq 100 cm-3) for a selected growing media material within a raw 
material type. 

Growing media raw material 
CEC (meq 
100 cm-3) 

Growing media raw material 
CEC (meq 
100 cm-3) 

Coarse 
peat (10-
25 mm) 

 

42.8 ± 0.8 
Green 

compost (0-
10 mm) 

 

16.7 ± 0.5 

Fine peat 
(0-5 mm) 

 

15.1 ± 0.1 
Wood fibre 

(mechanically 
extruded) 

 

9.0 ± 0.1 

Bark (0-8 
mm) 

 

18.0 ± 0.1 
Vermiculite 
(superfine) 

 

9.7 ± 0.4 

Potting 
bark (5-16 

mm) 
 

9.2 ± 0.2 
Perlite 

(medium) 

 

0.9 ± 0.1 

Buffered 
coir (0-12 

mm) 
 

7.3 ± 0.1  
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Electrical conductivity (EC) and pH 

These methods were developed using BS 

EN 13037:2011 (Soil improvers and 

growing media — Determination of pH) 

and BS EN 13038:2011 (Soil improvers and 

growing media — Determination of 

electrical conductivity) as their basis. 

The preparation of the sample of growing 

media for both pH and EC is the same (see 

Appendices 4 and 5), and as a result both 

can be measured following preparation. 

The particle size of the growing medium 

will determine the volume of sample 

needed for the tests.  

If the sample passes through a 20 mm 

sieve, then a weight equivalent to 60 ml of 

the sample volume should be added to 300 

ml of distilled water. Blanks (without the 

sample) should also be prepared. If the 

sample passes through a 40 mm sieve, 

then a weight equivalent to 250 ml of the 

sample volume should be added to 1250 

ml of distilled water.  

The container with the sample should be 

shaken for 1 hour. The pH of the 

suspension can be measured, agitating the 

sample just before the measurement. The 

pH should be read after the value has 

stabilized. 

After measuring pH, the suspension should 

be filtered to obtain a clear filtrate to 

measure EC. The first 10 ml of the filtrate 

should be discarded. The EC of the filtrate 

should be measured within one hour of 

filtering. If the blank exceeds twice the 

detection limit of the conductivity meter, 

the results are void and the apparatus 

should be checked and cleaned before 

repeating. 

See summary Table 4 for expected ranges 

of pH and EC for the raw materials. The EC 

Electrical conductivity (EC) 

What is EC? 

EC provides a measure of the total soluble 

salt content of a growing medium. Soluble 

salts present, dissociate into positively or 

negatively charged ions; EC is proportional 

to the electric current flow between an 

anode (positive charge) and cathode 

(negative charge).  EC is measured by a 

conductivity meter in a saturated extract or 

suspension in water and is commonly 

reported in units of µS cm-1 (microSiemens 

per cm). 

What effect does it have? 

High EC: This can result in plant injury or 

loss, acting as a specific ion toxicity or by 

constrained osmotic water transfer into 

plant roots. 

pH 

What is pH? 

A measure of the relative concentrations of 

hydrogen and hydroxyl ions in a growing 

medium suspension. It is expressed on a 

logarithmic scale from 0 to 14. 

What effect does it have? 

The pH can affect the availability of macro 

and micro nutrients to plants in the growing 

medium.  

Low pH: A very low pH can cause 

macronutrients such as N to become less 

easily available, which may result in older 

leaves exhibiting deficiency and yellowing. 

High pH: Selected micronutrients, such as 

iron, can become unavailable to plants 

resulting in young leaves turning white. 
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is also linked to the nutrient content of the 

material, but the methodology for 

determining nutrient concentration has 

not been detailed in this monograph.  

Nutrient analysis is a widely available 

commercial service offered by UKAS 

accredited laboratories, such as NRM 

Laboratories (Berkshire, RG42 6NS); NRM 

produced the analysis of growing media 

raw materials detailed in Table 5.

Summary 

The range of values of raw growing media materials that have been tested using the methods 

detailed in this monograph are summarised in Table 4, as have nutrient composition (Table 

5). Some variability exists between different sub-samples within a raw material type, but 

overall variability is relatively small. Green compost samples have some of the highest 

variability in measured properties, particularly EC. The data suggest that high EC in green 

compost is strongly linked to high potassium and chloride concentrations (Table 5).   The 

characterisation of raw materials that make up growing media blends is important for 

determining the likely outcome of the blend properties. The pH, EC, AFP and Db are more 

commonly measured by growing media manufacturers, however CEC and AW are also 

important properties to measure. This monograph outlines a single set of methods for 

measuring these properties across the range of commercially available RSGM types.  Using 

these methods will improve the measurement consistency and comparability of the materials 

either for commercial practice or laboratory R&D investigation. 

Table 4. The range of chemical and physical properties for all available RSGM materials 
partitioned into raw material type categories.  

a Wood fibre includes medium and coarse, steam extruded and mechanically extruded 

samples.

Raw material 
type 

pH EC (µS cm-1) 
CEC (meq 
100 cm-3) 

AFP (%) 
Available 
water (%) 

at 5kPa 

Dry bulk 
density  
(g cm-3) 

Coarse peat (10-
25 mm) 

4.2 - 4.7 15.0 – 49.0 15.1 - 42.8 13.3 - 38.4 32.5 – 44.6 0.12 - 0.19 

Fine peat (0-5 
mm) 

4.1 - 4.7 24.2 - 49.8 10.5 - 20.9 8.2 - 9.1 35.0 – 43.0 0.09 - 0.17 

Bark (0-8 mm) 5.7 - 6.4 98.0 - 246.1 13.9 - 22.0 16.3 – 26.3 30.1 - 34.2 0.16 - 0.23 

Potting bark (5-
16 mm) 

5.3 - 5.8 20.2 - 46.3 7.3 - 11.9 38.6 - 49.4 35.0 - 43.0 0.15 - 0.17 

Buffered coir (0-
12 mm) 

6.9 - 7.3 38.3 - 96.2 5.3 - 6.8 17.3 - 20.3 36.6 - 40.4 0.06 - 0.11 

Green compost 
(0-10 mm) 

7.5 - 8.2 
456.6 - 
1739.1 

15.8 - 20.9 5.0 - 15.1 35.8 - 46.7 0.23 - 0.52 

Wood fibre (all 
tested types a) 

5.4 – 8.3 5.3 – 441.1 9.0 - 14.9 25.4 - 51.7 13.2 – 24.7 0.06 - 0.11 

Vermiculite 
(superfine - 
medium) 

8.0 - 9.8 18.7 - 36.7 3.0 - 9.7 11.9 - 40.2 34.4 - 41.6 0.10 - 0.13 

Perlite 
(fine - coarse) 

8.0 - 9.2 5.2 - 9.7 0.8 - 2.1 21.3 - 36.2 21.4 - 24.2 0.05 - 0.12 
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Table 5. The range of nutrient composition of the growing media raw materials analysed for the other chemical and physical properties. These 

samples were analysed by NRM Laboratories; sample solution was extracted according to BS4156 1990 and analysed using Aquakem 250 

Photometric discrete analyser (Thermo Scientific). Sample values for nutrients below the detection threshold of the apparatus are denoted 

with <, e.g. <0.01. 

a Wood fibre includes medium and coarse, mechanically extruded and steam extruded samples 

Raw material 
Ammonia 
N (mg/l) 

Nitrate 
N (mg/l) 

Total 
soluble 

N (mg/l) 

Phosphorus 
(mg/l) 

Potassium 
(mg/l) 

Chloride 
(mg/l) 

Sulphide 
(mg/l) 

Boron 
(mg/l) 

Copper 
(mg/l) 

Magnesium 
(mg/l) 

Manganese 
(mg/l) 

Calcium 
(mg/l) 

Zinc 
(mg/l) 

Sodium 
(mg/l) 

Iron 
(mg/l) 

Coarse peat 
(10-25 mm) 

8.3-19.7 0.9-13.9 8.7-33.6 <1.0-1.6 <1.0-4.7 9.6-25.4 2.0-37.5 <0.05 <0.01 <0.2-1.3 <0.01-0.01 0.3-2.7 
<0.02 - 
0.11 

2.8 – 
14.2 

<0.05 - 
0.16 

Fine peat (0-5 
mm) 

8.3-10.8 3.6-11.7 
12.8-
20.2 

<1.0 1.6-17.9 12.2-33.2 6.2-19.5 <0.05 
<0.01-
0.01 

0.5-1.5 0.01-0.02 0.8-2.2 
<0.02 - 
0.02 

8.9-20.0 
0.11-
0.16 

Bark (0-8 mm) 6.3-15.4 
<0.6-
82.4 

6.9-97.9 15.6-57.8 
31.5-
245.6 

24.6-83.0 
<0.6-
23.0 

0.11-
0.22 

<0.01-
0.02 

0.3-6.3 0.04-0.24 0.3-17.1 
<0.02 - 
0.05 

6.0-26.5 
0.12-
2.32 

Potting bark 
(5-16 mm) 

3.7-9.0 <0.6-0.9 4.3-9.9 2.2-14.0 7.8-36.9 6.4-23.6 <0.6-2.5 
0.06-
0.10 

<0.01 <0.2-0.9 0.02-0.06 <0.1-1.2 <0.02 1.8-6.7 
0.08-
0.27 

Buffered coir 
(0-12 mm) 

5.2-10.8 <0.6-0.8 5.4-11.4 2.2-4.5 25.5-94.9 
29.2-
131.9 

5.4-30.5 
0.12-
0.16 

<0.01 0.4-1.4 0.03-0.05 1.1-2.8 
<0.02 - 
0.04 

7.1-41.3 
0.55-
1.79 

Green 
compost (0-10 
mm) 

18.6-33.6 
0.8-
313.4 

19.4-
340.6 

17.2-51.3 
427.5-
2228.1 

266.2-
1163.5 

38.3-
395.9 

0.15-
0.18 

0.06-
0.22 

8.2-33.6 0.16-0.30 
32.0-
85.0 

0.17-
0.32 

50.7-
254.6 

1.49-
21.85 

Wood fibre 
(all tested 
types a) 

0.9-9.1 <0.6-2.8 1.0-9.4 <1.0-40.3 2.7-586.5 5.3-450.4 
<0.6-
42.1 

<0.05-
0.12 

<0.01-
0.01 

<0.2-5.1 <0.01-0.23 0.4-19.8 
<0.02 - 
0.09 

1.1-75.1 
0.06-
1.63 

Vermiculite 
(superfine - 
medium) 

2.0-5.7 <0.6-2.9 2.2-6.7 <1.0 12.9-23.7 1.2-2.4 1.7-6.9 <0.05 
<0.01-
0.02 

3.2-10.3 0.01-0.05 0.4-0.7 
<0.02 - 
0.02 

4.0-8.4 
1.34-
5.01 

Perlite 
(fine - coarse) 

0.6-1.8 <0.6 0.7-1.9 <1.0 <1.0 0.6-1.3 <0.6-3.1 <0.05 <0.01 <0.2 <0.01-0.01 <0.1-0.1 <0.02 0.9-2.2 
<0.05 - 
0.12 
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Appendix 1 – Air-Filled Porosity 

This method is based on Bragg and Chambers (1988) Interpretation and advisory 
applications of compost air-filled porosity (AFP) measurements. 
 
Apparatus 

 Large water bath with low level shelf for soaking samples to sit on and higher level 

drainage rack. 

 Trays with holes in the bottom suitable to submerge in water and as not to impede 

drainage. 

 Stop watch to record the time the samples have had to soak/drain. 

 Perspex AFP chambers with known dimensions (height: 10.5 cm, diameter: 11 cm) 

whose internal volume can be accurately determined (998ml) with removable upper 

collar (height: 6.3 cm, diameter: 11 cm) and lid. The chamber is also fitted with a 

rubber sealed closing twist base, which is perforated with drainage holes. 

 Flexible plastic mesh (hole-size: 2-5mm). One piece for the bottom of the chamber 

and one piece to encircle the sides of the lower chamber (not including removable 

collar). 

 Balance scales with a resolution of up to 0.001g. 

 Knife/ secateurs to cut away the excess sample 

 Drainage funnel for use in final drainage procedure for AFP determination. 

 Large container (up to 1 L) to collect the drained water expressed above. 

AFP method 

1) Weigh the chamber with upper collar removed and only the lid and green mesh in place 

before starting. 

2) Take the AFP chamber attach the upper collar and secure, insert the green mesh to the 

inside and bottom of the chamber (3x per sample) ensure chamber holes are open. 

3) Fill the chamber within 1-3 cm of upper collar lip (BS EN 12579) making sure to prevent 

air voids. Do not compress the sample and/or change its structure by breaking it down. 

Fill all 3 chambers equally to make it representative.   

4) Sample is ready for soaking, place into water bath, water level within 1cm of upper collar 

lip, weigh down if sample begins to float, taking care not to cover the air escape holes.  

Samples are soaked for 16 hours (overnight) to ensure sufficient saturation; this step 

encapsulates the 1st wetting cycle: the 2nd and 3rd soaking procedures should then be for 

1 hour each. 

5) After each wetting cycle place the samples on the drainage rack and allow to drain for 10 

minutes. Sample is now at resting/ terminal volume. 

6) Remove upper collar and slice the sample level to the top of the chamber. 

7) Sample is ready for soaking, place into water bath, water level within 1cm of upper collar 

lip, weigh down if sample begins to float. 

8) Once saturation is visible allow to soak for further 1 hour. 
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9) Sample is now ready for the AFP determination. 

10) Weigh a collection container for the leachate, place a funnel over the container. 

11) Whilst still soaking twist the base of the chamber to closed, weigh chamber and record.  

12) Transfer to the funnel and pre weighed container. 

13) Twist the base to open and allow to drain for 30 minutes into the collection container, 

weigh the drained container with sample. 

14) Re weigh the collection container with the leachate. 

 
Air filled porosity (%) = Volume of drainage water (ml)  x100 

                 Volume of compost (ml) 
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Appendix 2 – Available Water and physical properties 

This method is based on BS EN 13041:2011 Soil improvers and growing media. 
Determination of physical properties. Dry bulk density, air volume, water volume, shrinkage 
value and total pore space. 
 
This methodology is provided for both sand bath and pressure plate techniques.   Also 

detailed are additional notes on how to determine shrinkage and dry bulk density. 

Apparatus 

 Sand suction table (sand baths) build in accordance with (BS EN 13041:2011 ANNEX 

A) or pressure plates. 

 De-aired water to use with the sand bath, this is to reduce the likelihood of air bubbles 

entering the sand bath. 

 Pressure plate system. 

 Large containers, approx. 14 cm height (h) by 14 cm diameter (d). This is to hold the 

material used in the initial equilibration. 

 For sand baths: smaller containers with equal sized upper and lower sections, each 

section being approx. 6 cm (h) by 10 cm (d). 

 For pressure plates: smaller containers approx. 5.3 cm (h) by 5.7 cm (d). 

 Water resistant tape to hold the upper and lower rings together. 

 Thin fabric, such as muslin, of different sizes to be secured to the base of the 

containers.  

 Elastic bands to hold the muslin in place. 

 Stainless steel trowel to fill the containers. 

 Balance scales with a resolution of 0.001 g or better. 

 Knife/ secateurs to cut away the excess sample. 

 Drying oven set to 100 °C. 

 Oven proof tins suitable to withstand 105 °C. 

 

Available water method 

Sample preparation – sand bath and pressure plate procedure 

1) Take large sample container(s) and attach the muslin to the underside. Secure with elastic 

bands. Fill the containers with the sample material taking care not to compact or create 

any air voids, fill until level with the top of the container. 

2) Transfer the containers to a water bath for soaking. The water bath should be higher than 

the container. Fill the water bath level with the growing media in the container, and take 

care not to soak the growing media from above. Once the growing media is fully wetted 

it can be transferred to the sand bath. 
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3) The sand bath must be fully wetted to 1-2 cm above the sand surface, to remove any air 

bubbles and help create a good contact when placing the samples in; see BS EN 13041 for 

further details. 

4) Once saturation of the sample is visible, transfer samples to the sand bath and ensure 

good connection between the base on the sample container and the voile surface of the 

bath. 

5) Slowly lower manometer to -50cm (5 kPa) and allow to equilibrate for 48 h. 

6) The material is now ready for stage two of the analysis which can be done both on the 

sand bath and/or pressure plate system. 

Sand bath procedure 

1) Take the lower section of the containers and attach the voile to its base. Secure with an 

elastic band. Take the upper section and tape to the prepared lower section (3 for 

representative sample).  

2) Empty the large containers of the sample, mixing gently as to not alter the sample 

structure  

3) Fill the container within 1-3 cm of upper collar lip (BS EN 12579) making sure to prevent 

air voids. Do not compress the sample and/or change its structure by breaking it down. 

Fill all 3 containers equally to make them representative. 

4) Place in water bath for soaking, ensure the water level to within 1-3cm of the lip of the 

container. Samples may float these should be weighted down until fully saturated  

5) The sand bath must be fully wetted to 1-2 cm above the sand surface, to remove any air 

bubbles and help create a good contact when placing the containers in. (See BS EN 

13041:2011 for details). 

6) Place the samples on the sand bath (make sure to leave a minimum gap of 2-3 cm from 

the sides of the bath and from each sample). Ensure there is a good contact between the 

muslin on the base of the container and the surface of the sand bath itself.  

7) Apply a -50 cm (5kPa) water pressure head, measured from the base of the container by 

lowering the water level using the manometer (see BSI 13041:2011 for details) and allow 

to equilibrate for 48 hours. 

8) Remove the large containers with the equilibrated growing media from the sand bath, 

empty out the growing media onto a clean surface and gently mix, taking care not to 

cause any physical damage to the material. 

9) Take a lower section of the smaller container and attach the muslin to its base. Secure 

with an elastic band. Take the upper section and tape to the prepared lower section 

(triplicate repeats for the samples should be made).  

10) Fill the smaller containers (triplicate samples should be made) with the mixed sample, 

taking care not to compact or create any air voids. Fill until level with top of upper 

container. 

11) The samples should now be transferred to the water bath for soaking and returned to 

the sand bath (repeating steps 2-4). 

12) Apply a -10 cm (-1 kPa) water pressure head, measured from the middle of the lower 

container by lowering the water level using the manometer (see BSI 13041:2011 for 

details). Allow to equilibrate for 48-72hrs.  



19 
©ADAS2016           

13) Weigh the samples at daily intervals and record the weights, samples will have reached 

equilibrium when there is less than 10 g change in weight compared to the previous day 

for 3-4 consecutive days. 

14) The samples can be analysed for further water pressure head measurements at -50cm (-

5 kPa) and -100 cm (-10 kPa). Remove the upper section of the container, exposing the 

material. Slice this material off so that it is level with the top of the lower container, taking 

care not to disturb or compress the sample. 

a. If -50 cm (-5 kPa) is required this should be applied to the sand bath as before, the 

samples can be placed onto the sand bath and steps 10 and 11 should be repeated. 

b. Once the samples have been analysed at -50 cm (-5 kPa), with the samples still in the 

sand bath, a -100 cm (-10 kPa) water pressure head can be applied and steps 10 and 11 

repeated. 

15) Once measurements are complete the samples should be prepared for the oven. Remove 

the upper section of the container, exposing the material. Slice this material off so that it 

is level with the top of the lower container, taking care not to disturb or compress the 

sample. 

Pressure plate procedure 

1) Take the small containers (dimensions; 5.3 cm (h) x 5.7 cm (d)) and attach and secure 

voile to the base (2 for representative samples).  

2) Empty the large containers of the sample; mix gently to avoid altering the sample 

structure. 

3) Fill the small containers (BS EN 12579) making sure to prevent air voids. Do not compress 

the sample and/or change its structure by breaking it down. Fill both containers equally 

to ensure consistent results.  

4) Place in water bath for soaking, ensure the water level to within 1-3 cm of the lip of the 

container. Samples may float these should be weighted down until fully saturated. 

5) Ensure the pressure plate is saturated for 24 hours prior to use. 

6) Place samples on plate and drain off any excess water before connecting the outflow 

pipe. 

7) Attach the outflow pipe and close and seal tightly lid of system. 

8) Apply 0.05bar pressure (5 kPa); do not exceed pressure as the sample will be void and 

have to be repeated. 

9) Collect the leachate from the outflow pipe. 

10) Weigh the leachate at daily intervals and record the weights, samples will have reached 

equilibrium when there is less than 10 g change in weight compared to the previous day 

for 3-4 consecutive days. 

11) Remove and weigh the samples, and place them back onto plate for further 

measurements. 

12) Return to pressure plate system and apply 0.1bar (10 kPa); do not exceed pressure or 

samples will be void and have to be repeated. 

13) Weigh the collected leachate at daily intervals and record the weights, samples will have 

reached equilibrium when there is less than 10 g change in weight compared to the 

previous day for 3-4 consecutive days. 
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14) Remove the samples from the system and weigh. The samples are now ready for oven 

drying. 

Oven weighing 

1) Record the weight and ID of an oven proof tin, remove the elastic band and muslin from 

the base of the lower ring without altering the sample structure (as shrinkage values need 

to be taken after the sample has been oven dried) place the sample and lower container 

in the pre-weighed oven tin and record the weight. Place into the oven for 24-48hrs until 

the sample is dried. 

2) Once removed from the oven and record the dry weight including oven proof tin and 

container.  

3) To record shrinkage, using a calliper gauge measure a mean height (quadruplicate) and 

mean diameter (triplicate) of the dried samples and record. Weigh the empty container 

and record weight. 

a) Note: the procedure cannot be carried out on some growing media as they do not 

retain their shape, for this material carry out these measurements prior to oven drying. 

Calculations: 

Dry bulk density (Db; g cm-3) = mass of dried sample (g) 

   initial sample volume (cm3) 

Shrinkage (%) = initial sample volume – dried sample volume  x 100 

         initial sample volume (cm3) 

Water volume (Wv):  

Wv at -10 cm (-1 kPa) = (m2 - m5) x 100 

           V1 

Wv at -50 cm (-5 kPa) = (m3 - m5) x 100 

           V1 

Wv at -100 cm (-10 kPa) = (m4 - m5) x 100 

    V1 

Where: 

Wv = water volume content (% by volume) 

V1 = volume (cm3) of sample ring 

m2 = mass (g) of wet sample plus sample ring at -10 cm water (-1 kPa) 

m3 = mass (g) of wet sample plus sample ring at -10 cm water (-1 kPa)  

m4 = mass (g) of wet sample plus sample ring at -10 cm water (-1 kPa) 

m5 = mass (g) of dried sample plus sample ring  
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Appendix 3 – Cation Exchange Capacity 

This method is based on BS EN 23470:2011 Soil quality. Determination of effective cation 
exchange capacity (CEC) and exchangeable cations using a hexamminecobalt trichloride 
solution. 
 
Apparatus 

 pH meter. 

 Pestle and mortar. 

 50 ml glass beaker. 

 Stirring rod.  

 Funnel. 

 125 mm Whatman No. 44 filter 

paper. 

 250 ml conical flask. 

 25 ml pipette. 

 100 ml conical flask. 

 20 ml extraction container. 

 Waste containers. 

 De-ionised water. 

 Calibrated balance and test weight. 

 2 mm sieve. 

Reagents 

 Ammonium acetate. 

 1M Acetic Acid Solution. 

 1M Ammonia Solution. 

 Ethanol. 

 Potassium Chloride. 

 1M Hydrochloric Acid. 

 

CEC method 

1) Ensure the test sample is representative of the growing media to be tested. 

2) Record the fresh weight and volume of the sample then allow to air-dry to a uniform 

consistency. 

3) Grind the material so that it will pass through a 2 mm sieve. 

4) Transfer a 5 g sub-sample into a 50 ml borosilicate glass beaker. 

5) Add 20 ml of M ammonium acetate, stir and allow to stand overnight. 

6) Transfer the contents of the beaker to a filter funnel fitted with a 125 mm Whatman No. 

44 filter paper and collect the filtrate in a 250 ml volumetric flask. 

7) Leach the growing media with successive 25 ml volumes of 1 M ammonium acetate, 

allowing the funnel to drain between each addition. 

8) Collect all the extracts in the flask containing the original filtrate and continue leaching 

until nearly 250 ml have been collected. 

9) For the determination of exchangeable cations only. Dilute to 250 ml with 1 M ammonium 

acetate and retain the solution for the determination of calcium, magnesium, manganese, 

potassium and sodium. Otherwise, discard the extract solution. 

10) Wash the interior of the funnel, the soil and the filter paper with five 25 ml volumes of 

ethanol. Allow the funnel to drain between washings. Discard the washing. 

11) Leach the ethanol-washed growing media on the filter paper with successive 25 ml 

volumes of potassium chloride solution. Allow the funnel to drain between each addition.  
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12) Collect the extracts in a 100 ml volumetric flask. 

13) Continue leaching until nearly 100 ml has been collected. Dilute to 100 ml with potassium 

chloride solution.  

14) Retain this solution for the determination of cation exchange capacity. 

15) Carry out at least three blank determinations for each set of extractions.  

16) Send enough blank extractant for the lab to matrix match. 

17) A 20 ml sample is sufficient for the analysis of cation exchange capacity. A 1 L sample is 

sufficient to be used for matrix matching. 

18) To calculate CEC: 

a) The raw data received will be in the form of Ammonium-N (in extract) mg/L. Subtract 

the blank NH4-N from the sample figures.  

b) Convert to mg NH4-N per g growing media taking into account the weight of the 

growing media (5 g) and volume of KCl (100 ml) used: 

NH4N (mg/L) x (volume/1000) 

Growing media (g) 

c) Divide by 18 (molecular weight of NH4) to convert to mmoles of NH4/g growing media.  

d) Multiply by 100 to give cmoles kg-1 or meq 100 g-1 (NB 1 cmol/kg = 1 meq/100 g). 

e) Multiply by the dry bulk density (Db) to give meq 100 cm-3 
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Appendix 4 – pH 

This method is based on EN 13037:2011 (Soil improvers and growing media — 

Determination of pH) 

Apparatus 

 Glass containers of sufficient 

capacity to accommodate the 

volume of the sample, extractant 

and at least 10% air volume 

 Balance, with a scale interval of 

0.01 g 

 Distilled water 

 Stopwatch 

 pH meter – readable to 0.05 pH  

 pH 4 buffer solution 

 pH 7 buffer solution 

 pH 10 buffer solution 

 Thermometer, capable of 

measuring to the nearest 1°C 

 Shaking or mixing machine 

 

pH method 

1) Prepare the sample as follows: 

a) If sample passes through a 20 mm sieve then take a weight equivalent to 60 ml of the 

sample volume to the nearest 1 g and transfer to the container. Add 300 ml of water, 

secure the cap and shake for 1 hour on the shaking machine at 22 +/- 3°C 

b) If sample passes through a 40 mm sieve then take a weight equivalent to 250 ml of 

the sample volume to the nearest 1 g and transfer to the container. Add 1250 ml of 

water, secure the cap and shake for 1 hour on the shaking machine at 22 +/- 3°C 

2) Calibrate pH meter before use and check that the correct pH reading is obtained when 

the electrodes are placed in one of the buffer solutions.  

3) Agitate the suspension thoroughly just before the measurement and measure the pH in 

the settling suspension.  

4) Read the pH after stabilisation is reached, i.e. when the reading does not change by more 

than 0.1 of a pH unit over 15 seconds. Note the values to 1 decimal place.  

5) Rinse the pH meter between determinations and remove large droplets of water with 

absorbent paper. 
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Appendix 5 – Electrical Conductivity 

This method is based on EN 13038:2011 (Soil improvers and growing media — 

Determination of electrical conductivity) 

Apparatus 

 Glass containers of sufficient 

capacity to accommodate the 

volume of the sample, extractant 

and at least 10% air volume 

 Balance with an accuracy of 0.01 g  

 Conductivity meter and probe. 

 Buffer solutions for calibration 

 Thermometer 

 Shaking or mixing machine 

 Filter paper 

 Distilled water 

 Stopwatch 

 

Electrical conductivity method 

This method can be followed from step 2 if the sample has already been prepared and 

analysed following the pH method. 

1) Prepare the sample as follows: 

a) If sample passes through a 20 mm sieve then take a weight equivalent to 60 ml of the 

sample volume to the nearest 1 g and transfer to the container. Add 300 ml of water, 

secure the cap and shake for 1 hour on the shaking machine at 22 +/- 3°C 

b) If sample passes through a 40 mm sieve then take a weight equivalent to 250 ml of 

the sample volume to the nearest 1 g and transfer to the container. Add 1250 ml of 

water, secure the cap and shake for 1 hour on the shaking machine at 22 +/- 3°C 

2) Filter through filter paper discarding the first 10 ml. In some cases, paper filtration is too 

slow or even impossible. In such cases, alternative procedures (e.g. centrifuge, glass fibre 

filter papers) may be used to obtain a clear supernatant.  

3) To obtain a blank repeat the procedures for shaking and filtering but omit the sample. Any 

modifications to the filtration procedure should also be repeated.  

4) Check the calibration of the electrical conductivity meter with the buffer solutions before 

use and when in use periodically check that the correct EC reading is obtained when the 

electrodes are placed in one of the buffer solutions.  

5) Measure within 1 hour of extraction the specific electrical conductivity of the filtrates in 

millisiemens per metre (mS/m). Note the results to 1 decimal place.  

6) If the blank exceeds twice the detection limit of the conductivity meter, all the results 

from this batch are void. All the apparatus and equipment used in the extraction should 

be checked and cleaned as required. 

 

 


