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Introduction 

 
This report is written by an undergraduate geography student starting a 
dissertation in the University of Wales Swansea on the subject with the kind 
support of the experts of the university. The laboratory facilities of the 
university have been used for testing soil parameters and the equipment of 
the university staff have been used for the collection of samples. 
 
The aim of this research is to collect relevant information expressing the soil 
condition before a major change in land use. The results will form a starting 
point for long term research following the changes that take place in the soil 
over time after the land management system is changed from the methods of 
modern commercially oriented agriculture to follow the principals of 
permaculture. 
 
For the purposes of this report samples have been collected from four types 
of land. The types are specified by different land uses and they are: 
 

1. Field used for grazing and growing hay (plots 1-4, 6 and the common 
of plots 8 and 9) 

2. Field used for grazing (all the other plots) 
3. New woodland with access to animals (the woods on plots 7 and 8: 

NW) 
4. Older woodland (western edges of the land: OW) 

 
The different categories are compared to each other with category 4 being 
considered as the closest to a natural stage and hypothetically closest to soils 
managed with permaculture principals.   
 
The six parameters chosen to indicate soil health are: 
 
Organic matter content (loss of ignition) 
Soil colour 
Particle size 
Quantity of main nutrients (P, K, N) 
Bulk density of dried soil 
Root depths 
pH 
 
The current land use 
 
The land has been rented to a sheep farmer since 1994. Before that the land 
had been used for grazing sheep and cattle and growing barley in rotation. 
The last PKN-fertilisation happened in 1992 and since then the land has been 
strip seeded with Italian rye grass once. Currently two of the fields are 
producing one crop of hay a year and are grazed the rest of the time. The 
other fields are used only as grazing land. 
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Loss on ignition (LOI) 
 
Organic matter content is important for the soil structure. In ideal conditions  
(LOI>3%) organic matter helps the root growth of plants, water movement and 
has a function of water storage. It gives good nutrient supply for plants and 
has high microbiological activity levels. Adding organic matter can prevent soil 
from blowing. On the other hand a very peaty soil (LOI close to 100%) is 
prone to blow and plants on it may suffer from lack of some mineral nutrients 
such as manganese. 
 
Results: 
 
Loss on ignition is a simple method used to determine the amount of organic 
matter in soils. Soil samples are first dried in an oven and then heated in a 

furnace at 550°C. The loss of weight by burning can then be calculated.   
 
Table 1: Loss on ignition from type 1 fields 
 

Plot number/sample number %LOI            Average

1-4/1 15.01777 12.37244

1-4/2 12.90379

1-4/4 11.94335

1-4/5 12.71602

1-4/9 11.79944

1-4/10 13.58443

1-4/11 15.23233

1-4/12 16.62983

1-4/14 14.68064

1-4/16 13.43698

1-4/18 11.48434

6/1 13.24828  

6/2 11.58901  

6/4 11.10259  

6/5 10.28856  

6/7 10.82027  

6/8 10.70052  

6/10 10.17859  

6/11 8.908046  

6/12 10.56575  

6/14 12.00937  

6/15 13.29325  

6/16 11.90913  

6/18 12.1898  

6/20 13.07892  

 
 
Table 2: Loss on ignition from type 2 fields 
 

Plot number/sample number %LOI Average 

1-4 common1/6 15.47764 13.42775 

1-4 common1/9 15.69474  
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1-4 common1/13 15.1933  

1-4 common1/14 15.60198  

1-4 common2/1 12.00884  

1-4 common2/4 12.64601  

1-4 common2/5b 13.8403  

1-4 common2/7 16.29153  

1-4 common2/10 14.2753  

1-4 common2/11 12.8012  

5/16 13.03389  

9/1a 11.36913  

9/1b 11.74114  

9/2a 10.0477  

9/3a 9.52381  

9/10a 14.60216  

9/10b 13.49851  

9/11a 12.39453  

9/11b 11.75963  

8/4 13.09456  

8/5 13.55766  

8/6 13.98006  

8/14 11.86832  

7/6b 14.62837  

7/7b 16.76346  

 
 
Table 3: Loss on ignition from type 3 woodland 
 

Sample %LOI Average 

NW1.2 17.13628 21.28066 

NW2.2 17.17918  

NW3.2 16.07585  

NW4.2 20.45561  

NW5.2 23.59896  

NW6.2 14.79245  

NW7.2 25.43905  

NW8.2 38.76247  

NW9.2 28.28034  

NW10.2 12.56372  

NW11.2 13.41401  

NW12.2 28.75584  

NW13.2 12.41588  

NW14.2 16.95825  

NW15.2 23.97807  

NW16.2 18.52024  

NW17.2 24.79291  

NW18.2 12.6681  

NW19.2 11.95017  

NW20.2 33.86573  

NW21.2 40.30555  

NW22.2 35.29164  

NW23.2 18.23925  
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NW24.2 13.50643  

NW25.2 13.07052  

 
 
Table 4: Loss on ignition from type 4 woodland 
 

Sample %LOI Average 

OW1.2 19.79782 19.99902 

OW2.2 13.75559 

OW3.2 19.92329 

OW4.2 19.02545 

OW5.2 23.10976 

OW6.2 19.08829 

OW7.2 28.42502 

OW8.2 9.817039 

OW9.2 21.74026 

OW10.2 25.43594 

OW11.2 13.54268 

OW12.2 17.36472 

OW13.2 15.17108 

OW14.2 15.13668 

OW15.2 18.49741 

OW16.2 30.44206 

OW17.2 26.6774 

OW18.2  16.69947 

OW19.2 25.75481 

OW20.2 13.33094 

OW21.2 16.45688 

OW22.2 23.12361 

OW23.2 22.30554 

OW24.2 17.13548 

OW25.2 28.21821 

 
The lowest LOI was found on the type 1 fields, the highest on the type 3 
woodland. None of the values is close to critical extremes. 
 
Colour 
 
Soil colour is insignificant when it comes to the nature, behaviour or uses of 
soil. The only important factor in the topsoil colour itself might be that dark 
coloured soil absorbs energy from the sun more readily than lighter coloured 
soil. This means that dark soils warm up quicker. 
 
Soil colour can give important information of many other soil parameters, such 
as presence of iron oxide (red colours) or quantity of organic matter (dark 
brown and black colours). Colour can indicate past anaerobic conditions that 
may have been caused by water logging during the previous growing season. 
Soil colour is very important in soil classification.   
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Results: 
 
The colour of the topsoil of the area varies between dark brown, very dark 
brown and black, which is a “normal” colour for topsoil in Britain. Some 
samples contained several red dots or stripes, which indicates presence of 
iron oxide and tells that anaerobic conditions in close by history are 
improbable. The soil colour of the woodlands was comparatively darker than 
that of the fields. This may be due to the differences in the quantity of organic 
matter. 
 
Particle size 
 
Soil particles are considered to be smaller than 2mm from their diameter. 
Anything bigger is gravel and sieved away from the soil before particle size 
analysis.  
 
Particles smaller than 2mm are roughly divided in three main categories 
according to their size: 
 

1. Sand 0.05mm and 2mm  
2. Silt 0.002mm-0.05mm  
3. Clay <0.002mm 

 
Clay has much greater influence to how soil behaves than silt or sand 
because of its surface area per volume. In soil classification clay is used in the 
class name with as little clay content as 20%, whereas 40% or 45% of silt or 
sand is demanded to change a class name.   
 
Even when it is very important to have a percentage of clay in soil, too much 
of it leads to problems such as water logging and lack of oxygen in the plants 
root system. Clay doesn’t leave a big enough gap for plant roots to grow 
through, which might lead into abnormalities in the root system and 
unavailability of nutrients for the plants; this also prevents plants creating 
more channels for drainage. Clay soils are very hard to plough due to their 
sticky nature. 
 
In ideal conditions clay retains water and nutrients by absorption and releases 
them when they are needed. With too little clay, water is free to run through 
the soil to deeper layers inaccessible to plants. Water-soluble nutrients are 
washed away with the water and soil remains nutrient poor and is prone to 
drought. Clay also buffers changes in soil pH against both, acidic and alkaline 
directions by either releasing or absorbing H+ molecules. Much more liming is 
demanded to raise the pH of clay soil than sandy soil, but once the 
appropriate balance is reached, clay soil is capable of keeping it for longer 
than sandy soils. 
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Results: 
  
Particle sizes of 25 samples from each land use type have been analysed. 
The method used was sieving through sieves of different sizes. This didn’t 
allow accurate determination of the quantity of clay or silt particles in the soil, 
but estimations can be made once the sand particles have been sieved out. 
  
The average of each size category for each land use type was calculated. The 
following graphs introduce the results.   
 
Fig 1:Particle size on type 1 fields 
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Fig 2: Particle size on type 2 fields 
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Fig 3: Particle size on type 3 woodland 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 4: Particle size of type 4 woodland  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 5: Average particle sizes of each land use type 
 
The results show very high percentage of sand in the soils, which leaves a small fraction of 
particles that may be either silt, clay or both: 
 
Land use type % sand % smaller than sand 
1 87 13 
2 87 13 
3 93 7 
4 93 7 

 
Main nutrients 
 
The nutrients with most agricultural importance are nitrogen (N), phosphorus 
(P) and potassium (K). They are the most important nutrients for plants tissue 
formation and strength and the resistance and adaptation to environmental 
stresses, such as droughts, heavy winds and rain or disease.   
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There is a huge reservoir of nitrogen (N) in the earth’s atmosphere, but it is in 
a form unusable for plants or animals. In soils, especially in root systems of 
some legumes there are certain micro-organisms that can brake the bond of 
gaseous nitrogen (N2) and make it available for plants.  
 
Most of the soil nitrogen is bound in the soil organic matter, which does 
protect it from being lost, but again is not available for plants. From organic 
matter it is slowly released and changed into a water-soluble mineral form that 
plants can use but may be lost by runoff or leaching. Nitrogen can also be lost 
by denitrification, when it through chemical reactions ends up back to its 
gaseous form or bound to be part of ammonium (NH4

+).   
 
The natural supply of phosphorus (P) in most soils is low and the fraction of 
that low amount of phosphorus available for plants is very low. Plants are 
adapted to use phosphorus very efficiently due to its scarcity. In natural 
undisturbed environment loss of phosphorus is close to nothing.  
 
There is some phosphorus in the atmosphere, but the transfer from there to 
soils is negligibly small. It may be enough to balance the tiny losses in 
undisturbed nature, but for agriculture, where plenty of phosphorus is lost all 
the time by removing the plants (e.g. crop harvesting/hay), it is meaningless. 
Other natural sources of phosphorus are plant residues, manure and sludge. 
There also are large quantities of phosphorus in human and animal bones 
and teeth. Phosphorus is water soluble, so it can also be lost by water runoff 
or by erosion when particles containing phosphorus are displaced.  
 
Potassium (K) in most soils is abundant, but often in insoluble minerals, 
unavailable for plants. Potassium, unlike nitrogen and phosphorus does not 
form gases and escape to the atmosphere. Sources of potassium are human 
and animal waste, especially urine, plant tissues, manure (especially poultry 
manure) and wood ashes. Potassium, in the similar way as phosphorus, can 
be lost by erosion, removal of plants and by leaching into groundwater. The 
quantity of available potassium can also reduce if the pH is increased by e.g. 
liming. When the pH increases, H+ particles from clays are released and 
replaced by K+ ions  
 
Results: 
 
10 samples from each land use type were tested for the main nutrients. The 
Palintest System used for this purpose is commonly used for testing 
agricultural soils. As the tests are designed for regularly fertilized land, high 
results from these soils cannot be expected. 
 
Table 6: Main nutrients from type 1 and 2 fields 
 

Plot no./sample N(mg/l) P(mg/l) K(mg/l) 

1-4/1F <5 <20 150 

1-4/2F <5 <20 <120 

1-4/3F <5  180 

1-4/4F <5 <20 390 
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1-4/5F <5  185 

6/17F <5 <20 150 

6/18F <5  135 

6/19F <5  130 

6/20F <5 <20 265 

6/21F <5 <20 185 

1-4 common2/1F <5 <20 <120 

1-4 common2/2F 10-15 <20 225 

5/14F <5 <20 <65 

5/18F <5  <65 

9/a2F <5 <20 185 

9/a10F <5  65 

8/8F <5 <20 <120 

8/16F <5  185 

7/b5F <5 <20 <120 

7/12F <5  265 

 
 
Table 7: Main nutrients from type 3 and 4 
woodland 
 

Sample N(mg/l) P(mg/l) K(mg/l) 

NW1.1 5-10 40 <120 

NW11.1 5-10 60 150 

NW3.1 <5 60 <120 

NW6.1 10-15 80 150 

NW8.1 20-25 60 150 

NW13.1 5-10 20 <120 

NW16.1 5-10 40 <120 

NW18.1 10-15 60 <120 

NW21.1 10-15 120 <120 

NW23.1 5-10 80 265 

OW1;1 10-15 40-60 390 

OW1;3 <5 60-80 185 

OW6;1 5-10 40-60 <120 

OW8;1 5-10 60-80 <120 

OW11;1 5-10 20-40 <120 

OW13;1 5-10 <20 <120 

OW16;1 10-15 20-40 150 

OW18;1 05-10 20-40 <120 

OW21;1 10-15 20-40 <120 

OW23;1 5-10 20-40 <65 

 
The results from the woods are significantly higher in P and N compared with 
the results from the fields but the K level of the fields is higher than that of the 
woods. 
 
All the samples taken from the fields show P values lower than 20mg/l, which 
is the lowest P value that can be identified using the Palintest System. In the 
woods the values vary between <20mg/l to 120mg/l of soil. 
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The natural variation in the K content of the soil is high. On the fields the 
lowest value was below 65mg/l (which is the lowest measurement possible 
using the Palintest System) and the highest value was 390mg/l, which is a 
medium value. In the woods the variation of K was the same, but the average 
(147.25mg/l) was much lower than the average of K levels in the fields 
(165.25mg/l). 
 
N of the fields is regularly less than 5mg/l of soil (5mg/l is the lowest value on 
the Palintest scale) with one exception (10-15mg/l). N values in the woodland 
varied between <5mg/l and 25mg/l.  
 
Bulk density 
 
The density of soil depends in everything that has an effect on the spaces 
between soil particles. Examples of such factors are particle size, amount of 
organic matter, arrangement of soil particles and, importantly on an 
agricultural land, the pressure under which the soil is or has been subjected. 
High bulk densities reduce the water infiltration rates and gas exchange in 
soils and give the plant root system a poor environment to grow in.  
 
Bulk density of a very compacted actively cultivated field where heavy 
machinery is regularly used is often 1.4 g/ cm³ or over. The bulk densities of 
woodland topsoil are usually very low. 
 
Results: 
 
Samples of a known volume were taken for bulk density testing from 10 
places in the fields and 10 places in the woods. The 20 samples were dried in 
an oven and weighed. The density of each sample was calculated into g/ cm³  
 
Table 8: Dry bulk densities of type 1 and 2 fields 
 

Plot no./sample Bulk density (g/ cm³) Average 

1-4/20 1.0153 0.90525 

1-4/29 0.8869  

6/7 1.0703  

6/13 0.9272  

6/15 0.8348  

1-4 common1/10 0.8772  

5/1 0.774  

9/a8 0.963  

8/10 0.8833  

7/10 0.8205  
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The soil of the fields was clearly more dense than the soil of woods. The 
highest two densities were measured from the type 1 fields, but these results 
were not significantly higher than the results from type 2. The soil of the fields 
is compacted compared to the OW, where the bulk density is much closer to 
its natural stage. 
 
Root depths 
 
Several soil parameters have a big impact into plant root distribution. The 
most important ones are the structure of the soil, soil density, aeration and 
fertility. Because not all of the important parameters can be included in this 
report, the root depth was measured to indicate the health of the plants 
growing on the soil. This tells us something about the conditions of the soil 
itself and will give us important information on the impact of the land 
management changes in the future.   
 
Results: 
 
20 holes were cut into the ground to find out how deep the root system of the 
grass extended. A tape measure was used for measuring the distance 
between the soil surface and the deepest tips of the roots.   
 
Table 10: root depths on type 1 fields 

Plot no/sample Root depth (cm) Average 

1-4/20 27 21.33333 

6/17 15  

6/21 22  

 
 
Table 11: Root depths on type 2 fields 
 

Plot no./sample Root depth(cm) Average 

1-4 common 1/13 14 14.52941 

1-4 common 1/17 14  

1-4 common 1/18 10  

1-4 common 2/10 15  

5/20 14  

Table 9: Dry bulk densities of type 3 and 4 woodland 
  

Sample Bulk density (g/ cm³) Average 

NW1;2 0.8722 0.705 

NW6;2 0.9766  

NW11;2 0.9362  

NW16;2 0.7498  

NW21;2 0.431  

OW1;2 0.6202  

OW6;2 0.6946  

OW11;2 0.6063  

OW16;2 0.4185  

OW21.2 0.7446  
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5/21 13  

9/11b 13  

9/12b 18  

9/13b 17  

9/9a 22  

8/4 12  

8/5 14  

8/6 16  

7/4a 6  

7/5b 17  

7/6b 15  

7/17b 17  

 
Not many measurements were made from the type 1 fields and for accurate 
conclusions more samples need to be taken. However, comparing the results 
suggests that the root systems of type 1 fields extend deeper than on the type 
2 fields. 
 
pH 
 
The acidity level of soil is important to know if one is considering growing a 
crop on it. There are many plants that tolerate acidic conditions, some may 
even thrive on acidic soils, but there is also a wide range of useful plants that 
will not produce a crop below certain pH levels. The ideal pH level (Suitable 
for most food crops) is between 5.5 and 7. In very acidic soils, the availability 
of main nutrients is low, but the quantity of minor nutrients can reach levels 
that are toxic to some plants.  
 
Results: 
 
The soil pH was measured from both, soil-water suspension and soil-CaCl 
suspension using a pH meter. Because the water dilutes the soil solution the 
results in water suspension tend to be higher than in reality. This effect is 
minimized in the CaCl suspension.      
 
Table 12: pH from type 1 fields 
 

Plot no./sample pH with water pH with CaCl 

1-4/1 5.1 4.4 

1-4/2 5.2 4.4 

1-4/4 5.3 4.4 

1-4/5 4.9 4.3 

1-4/8 4.9 4.3 

1-4/9 5.2 4.5 

1-4/10 5 4.4 

1-4/11 5.1 4.5 

1-4/12 5.3 4.7 

1-4/14 5.1 4.6 

1-4/16 4.8 4.5 

6/1 5.7 4.5 

6/2 5.6 4.7 
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6/4 5.2 4.4 

6/5 5.4 4.6 

6/7 5.3 4.5 

6/8 5.1 4.3 

6/10 5.2 4.5 

6/11 5.3 4.5 

6/12 4.9 4.4 

6/14 5.4 4.7 

6/15 5.3 4.6 

6/16 5.4 4.5 

6/18 5.3 4.4 

6/.20 5.4 4.7 

Average 5.216 4.492 

 
 
Table 13: pH from type 2 fields  
 

Plot no./sample pH with water pH with CaCl 

1-4 common 1/6 5.3 4.6 

1-4 common 1/9 5.3 4.7 

1-4 common 1/13 5.4 4.6 

1-4 common 1/14 6 4.9 

1-4 common 2/1 5.3 4.8 

1-4 common 2/4 5.4 4.6 

1-4 common 2/5b 5.1 4.4 

1-4 common 2/7 5.4 4.6 

1-4 common 2/10 5.5 4.8 

1-4 common 2/11 5.3 4.6 

5/13 5 4.4 

5/16 4.7 4.3 

5/19 4.8 4.4 

9/1a 5.1 4.5 

9/1b 5.3 4.7 

9/3a 5.3 4.8 

9/10b 4.9 4.6 

9/11a 4.9 4.4 

8/4 5 4.3 

8/5 5.2 4.3 

8/6 5.3 4.6 

8/14 4.8 4.1 

8/15 5 4.2 

7/6b 5.3 4.4 

7/7b 5.3 4.5 

Average 5.196 4.524 

 
 
Table 14: pH from type 3 woodland 
 

Sample  PH with water pH with CaCl 

NW1.2 5.4 4 

NW2.2 5.3 4.3 

NW3.2 4.9 3.7 

NW4.2 4.7 3.8 
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NW5.2 3.9 3.7 

NW6.2 4.2 3.6 

NW7.2 4.2 3.5 

NW8.2 3.9 3.6 

NW9.2 4.3 3.8 

NW10.2 4.3 3.7 

NW11.2 4.2 3.7 

NW12.2 4.3 3.5 

NW13.2 5.1 4.3 

NW14.2 4.5 3.8 

NW15.2 4.3 3.5 

NW16.2 4.4 3.6 

NW17.2 4.1 3.4 

NW18.2 4.2 3.7 

NW19.2 4.9 4.2 

NW20.2 4.3 3.5 

NW21.2 4.3 3.5 

NW22.2 4.4 3.7 

NW23.2 4.3 3.7 

NW24.2 4.2 3.7 

NW25.2 4.3 3.7 

Average 4.436 3.728 

 
 
Table 15: pH from type 4 woodland  
 

Sample pH with water pH with CaCl 
OW1.2 4.8 3.9 

OW2.2 4.6 3.8 

OW3.2 4.3 3.4 

OW4.2 4.3 3.6 

OW5.2 3.8 3.1 

OW6.2 4.7 3.8 

OW7.2 3.8 3.1 

OW8.2 4.4 3.7 

OW9.2 3.9 3.3 

OW10.2 3.7 3.1 

OW11.2 4.7 3.9 

OW12.2 4.2 3.6 

OW13.2 5 4.2 

OW14.2 5.3 4.6 

OW15.2 4.5 3.7 

OW16.2 4.6 4 

OW17.2 4.6 3.9 

OW18.2 4.2 3.5 

OW19.2 4.4 3.8 

OW20.2 4.7 3.9 

OW21.2 4.8 4.1 

OW22.2 4.6 3.7 

OW23.2 4.3 3.7 

OW24.2 4.3 3.6 

OW25.2 4.6 4 

Average 4.444 3.72 
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Measured with CaCl, none of the results reach the minimum of the ‘ideal’ 
range (5.5). Even with water only 4 results out of 100 were over 5.5. The soils 
in the woodland are considerably more acidic than the soils on the fields. 
Liming of the soil to some extend will be required if food crops are grown.   
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