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ANALYSIS OF GLASSHOUSE SOILS ON A VOLUME BASIS 
WITHOUT DRYING THE SAMPLE 

T. R. Gormley 

An Foras TaJUntais, Horticulture and Forestry Division, 
Kinseiily, Malahide Road, Dublin 5 

ABSTRACT 

pH, K and SC readings from glasshouse soils were found to be almost independent of the moisture 
content provided the sample for analysis was taken on a volume basis. Cylindrical containers were 
most suitable for measuring volumes of soil for analyses. 

Different results were obtained when five operators carried out analyses for Kon wet peat samples 
taken on a volume basis. The precision of all operators was excellent (CV~ 5.3 %). The different results 
were due to variations in the technique of filling the container. 

INTRODUCTION 

The area under glass in Ireland has increased steadily from I &8 acres in 1960 to an 
estimated 400 acres.in 1968. Since 1961 the area of unheated glass. has remained almost 
static while that of heated glass has increased by 100%. This swing to heated glass 
demonstrates clearly the change from traditional mid-summer tomato growing to 
extended season production. 

Intensive growing under glass is similar to production of material in a factory. 
As in the factory, it is necessary to be able to monitor all aspects of the operation 
frequently. In the case of glasshouse crops, nutrients are often added to the soil in a 
liquid feed an.d the concentration of salts. can build up rapidly giving a high specific 
conductivity (SC}'. Because large salt concentrations cause poor plant growth it is 
essential to have a rapid soil testing service. 

A 3-day quick test for pH, K and SC is provided for growers by the Horticultural 
Chemistry Laboratory at Kinsealy. Samples are air-dried at 15'C for 12 to 24 hr and 
the analyses are then carried out on a known volume of sieved soil. With some 
nutritional problems, however, it is often desirable to send the results to the grower 
on the day that the sample is received in the laboratory, so it would be useful if the 

µ mhos -
1 Specific conductivity (SC) = --
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time-consuming drying process could be eliminated. The present study investigated 
the possibility of analysing wet glasshouse soils on a volume basis and compared 
resuhs with those obtained by analysing the dry soils on a volume and weight basis. 
Shape of containers. for measuring the volume of the soil sample and results obtained 
by five operators were also investigated. 

EXPERIMENTAL 

Preparation of soil samples used in the experiment 
Samples of peat, loam and sand (15 litres each); previously treated with fertiliser, 

were sieved (2 mm mesh) and then thoroughly mixed. The samples were wetted to 
capacity and sub-samples were removed at the appropriate times for each experiment 
and sieved (2 mm mesh) prior to analysis. 

Shape of containers 
Three different containers for measuring volumes .. of wet peat (moisture content 

> 85%} for potassium analysis were compared. 
A. Frustum of a cone: top diameter 3.6 cm, bottom diameter 0.8 cm, height 

2.5 cm. 
B. Broad cylinder: diameter 1.8 cm, height 4 cm. 
C. Narrow cylinder: diameter 0.83 cm, height 12 cm. 

The containers were filled by adding portions. of sieved peat and then tapping the 
bottom of the container on the laboratory bench. No pressure was used for filling. 

Twenty sub-samples of wet peat were taken with each container. The samples were 
extracted with Morgan's solution and the potassium levels measured. The coefficients 
of Variability gave the sampling variation associated with each container. 

)' Met hods of analyses 
Unless otherwise stated, the methods of analyses for pH, K, SC and moisture 

content (MC} on peat, loam and sand were as follows: 
pH: Soil (20 ml, using a 20-ml cylindrical container) was extracted with distilled 

water (40 ml} for JO min and the pH of the suspension was measured on a 
Radiometer pH meter. 

SC: Measured with a portable SC meter using the extract prepared for the pH 
estimation. 

K: Soil (6.5 ml, container C) was extracted with 30 ml Morgan's solution (I) on a 
platform shaker over 30 min. The extract was filtered through a Whatman No. 2 
filter paper and the potassium content measured on a Coleman flame photo
m~ter, 
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MC: Samples of soil were placed in aluminium dishes and dried in a vacuum oven 
at 70'C and 560 mm Hg. 

Precision of soil tests for wet soil samples 
Sub-samples (20 for each soil type) were removed from large lots (15 litres) of wet 

peat, loam and sand to find the number necessary to obtain analytical results of a 
desired precision. The sub-samples Were analysed for pH, K and SC. Standard devia
tions were calculated and entered in Equation I (2): 

2 

L .................. n= (k:). 
where k = 2 for 95% assurance 

s = standard deviation 
e = desired precision 
n = number of samples required to ensure that the result would not be 

more than ±I standard deviation from the true mean 95% of the time. 

In this instance e was taken as equal· to s (see Results and Discussion) and a value of 
4 was obtained for n. Four sub-samples were taken for all further experiments. 

Measurement of pH, Kand SC 
Peat, loam and sand were air-dried in the laboratory for periods up to 10 days, 

Four sub-samples were removed from each soil type daily and analysed for pH, K, 
SC and MC. The effect of the changing moisture content of the soils on the analytical 
figures was obtained. 

The practical application of this was carried out in a further experiment where 50 
routine glasshouse soil samples (peats and loams) obtained at random from growers 
were analysed for pH, Kand SC when received and again after air-drying at 15'C for 
12 to 24 hr. The results obtained before and after drying were compared. 

Comparison of two methods for estimating potassium in glasshouse peats 
Eight sub-samples were removed daily (over an 8-day period) from a large volume 

of peat as it air-dried in the laboratory. Four samples were analysed on a volume basis 
(6.5 rul) and four on a weight basis (0.59 g) using Morgan's solution (30 ml) as ex
tractant. Results obtained by the two methods were compared. 

()perator dijj'erence 
The degree of filling of the cylindrical sampling container (C), with wet peat, by 

five different operators was studied. Each person was instructed to fill the container 
by tapping down the peat without using compression. Each operator measured eight 
duplicate samples. The potassium content of each sample was obtained and the co
efficient of variability (CV) for each operator calculated, 
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RESULTS Ai"iD DISCUSSION 

Shape of container 
The coefficients of variability associated with the cylindrical containers B and C 

were 2.8 and 2.6% respectively. The figure for the conical container (A} was 8.2%. 
These data show that there is a much bigger sampling error associated with the conical 
container. This is an important result since many soil laboratories use a scoop con
tainer which may be less precise than the cylindrical type. 

Wet peat was used in this experiment because it was more difficult to fill it into the 
container and thus variation should be at a maximum . 

Precision of soil tests for wet soil samples 
Twenty sub-samples of peat, loam and sand (all having high moisture contents) 

were analysed on a volnme basis for pH, K and SC to estimate the total variation in 

Soil type 

Sand 

Peat 

Loam 

TABLE I : Precision of soil tests 

Mean 
Reading (20 samples) SD CV(%) 

pH 7.9 ± 0.06 0.8 
K(ppm) 48 ± 6.58 13.7 
SC 62 ± 4.02 6.5 
pH 6.1 ± 0.08 1.3 
K (ppm) 608 ±16.28 2.7 
SC 133 ± 3.46 2.6 
pH 7.0 ± 0.05 0.7 
K (ppm) £n ±11.23 4.1 
SC 157 ± 4.01 2.6 

TABLE 2: Influence of moisture content (MC) on pH, Kand SC 
readings in a peat soil 

Days a pH K(ppm) SC MC(%) 

l 6.1 614 131 85 
2 6.1 638 138 84 
3 6.0 680 162 82 
4 6.0 697 154 80 
5 6.1 626 147 74 
8 6.1 592 142 58 
9 6.1 603 147 43 

10 6.1 606 147 32 

a A large amount of peat was air-dried in the laboratory and samples were withdrawn each day 
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TABLE 3: Infiµence of moisture content (MC) on pH, K and SC 
readings in a loam soil 

Days a pH K(ppm) SC MC(%) 

1 6.9 277 157 37 
2 6.9 268 150 31 
3 6.8 262 161 22 
4 7.0 270 164 17 
5 6.9 278 171 11 

a As in ·Table 2 

TABLE 4: Influence of moisture content (MC) on pH, Kand SC 
readings in a sandy soil 

Days a pH K(ppm) SC MC(%) 

1 7.9 48 62 12 
2 7.9 49 54 10 
3 7.9 55 60 9 
4 7.9 56 63 8 
5 7.9 47 63 6 

a As in Table 2 
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sub-sampling procedure and analytical methods. The standard deviations (Table 1) 
were within practical limits and for convenience it was decided to take the standard 
deviation as the degree of precision required, that is, e = s in Equation I (see Experi
mental). A value of n = 4 was then obtained which showed that only 4 replicates, 
rather than 20, were required to give the desired precision. 

Measurement of pH, Kand SC 
The results (Tables 2, 3, 4) show that pH, Kand SC readings vary within practical 

limits with changes in moisture content of the peat, sand or loam when the samples 
are taken on a volume basis. This variation would not alter the category into which 
the soil would be put for manurial or treatment recommendations. 

No significant difference was found between SC and K values measured on a wet 
and dry basis for 50 glasshouse soils, but pH values after drying were higher (p < 0.05) 
than those of the w<;t samples (Table 5). For all practical purposes, however, the pH 
values on a wet and dry basis were the same in view of the small sample standard 
deviation (±0.016). 

These data show that reliable analytical figures can be obtained for wet soils when 
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the samples are analysed on a volume basis . .It is possible, therefore, for a grower to 
obtain the results for a sample on the day it is sent to the laboratory. 

Comparison of two methods for estimating potassium in glasshouse peats 
Large variations are encountered in wet peat when potassium is estimated on a 

weight basis (Table 6) All peat samples must be air-dried to the same moisture content 
in order to get reliable results. This process is time consuming and reduces the number 
of samples that can be analysed. On a volume basis, however, the potassium figures for 
the same peat are practically independent of moisture content. 

()perator dijf'erence 
Five operators obtained different readings for the potassium content of the wet 

peat even though they had been previously instructed on the method of filling the con
tainer. However, the coefficient of variability was small for each operator (Table 7}. 
This confirms that different readings were caused by variation in the technique of 
filling the sampling container (3) . 

TABLE 5: Mean analytical figures for 50 glasshouse soils before and after drying 

pH" 
K (ppm) 
SC 

Before dryinga 

6.390 
301 

96 

a Moistur~ contents varied between 3.7 filid 73.2% 
b Air-dried at 15°C for 12 to 24 hr 

After dryingb 

6.434 
302 

95 

c pH values for advisory purposes are normally read to one decimal place 

SD 

±0.016 
±2.04 
±0.53 

TABLE 6: Potassium (ppm) estimation on wet peat 
using. Morgan's. solution as extractant 

Daysa Volume basis Weight basis 

I 539 184 
2 544 292 
3 564 457 

After oven drying 579 562 

aM in Table2 

MC(%) 

58.4 
30.6 
16.4 

t test 

• 
NS 
NS 
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TAB.LE 7: Potassfom readings (ppm) obtained by five operators 
for a peat soil (mean of eight readings} 

Operator 

1 2 3 4 5 

K 455 539 530 631 653 
SD ±19 ±18 ±£8 ±29 ±29 
CV(%) 4.2 3.3 5.3 4.6 4.4 

F-test for operators *** 

CONCLUSIONS 
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Reliable analytical figures for pH, K and SC can be obtained on wet peat, loam and 
sand provided the sample for analysis is taken on a volume basis. 

Cylindrical containers were found to be suitable for measuring soil samples for 
analysis. 

More d.etailed studies on techniques of filling the cylindrical sampling container 
with soil are necessary in order to reduce variation in results obtained by different 
operators. 
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