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Útdráttur 
Jarðvegur er eitt mikilvægasta vistkerfi Jarðar. Í jarðvegi er ræktaður matur, líf dafnar og 
kolefni er bundið niður. Mæling á bindingu kolefnis í jarðvegi getur reynst erfið, 
kostnaðarsöm og tímafrek. Það getur því verið auðveldara og minnkað kostnað, að mæla 
eingöngu magn lífræns efnis í jarðveginum. Lífrænt efni er að öllu jöfnu góður vísir um 
heilbrigði jarðvegs og það kolefnismagn sem í honum er. Rannsókn þessi miðaði að því að 
finna samband milli plægingar og lífræns efnis í íslenskum jarðvegi sem notaður hefur verið 
eingöngu undir grænmetisræktun. Síðastliðinn nóvembermánuð, 2020, voru tekin sýni úr 
jarðvegi hjá sex grænmetisbændum á Suðurlandi. Bændurnir voru síðan teknir í viðtöl þar 
sem þeir voru spurðir út í ræktunaraðferðir sínar yfir síðastliðin 3 ár á sýnatökusvæðinu. 
Sýnin voru síðan greind með Loss on Ignition (LOI) brennslu og niðurstöður þeirrar 
greiningar voru bornar saman við niðurstöður úr viðtölunum. Niðurstöður úr 
samanburðinum sýndu að það er klárt samband sjáanlegt milli breytinga á magni af lífrænu 
efni og tíðni og dýptar plægingar. Þó hafa of margir aðrir þættir áhrif á magn lífræns efnis 
þannig að erfitt er að tengja þessa samsvörun eingöngu við plægingu.    

 

 

Abstract 
Soils are a vital part of the Earth’s system. They provide our foods, allow life to grow and 
sequester carbon. To measure how much carbon some soils can carry and sequester is 
expensive and takes a long time. A cheaper and less time-consuming factor to measure is 
Soil Organic Matter (SOM). SOM is a good indicator of the health of soils and consequent 
carbon content. This study investigates how or if tillage has notable effects on SOM content 
in horticultural soils in Iceland. In November of 2020 samples were collected from six 
horticultural farms located in southern region of Iceland. The farmers were interviewed 
about their agricultural management practices over the last 3 years and the results were 
presented in a simple table. The samples were tested using Loss on Ignition (LOI) 
combustion and results were then compared to the reported tillage methods. The results 
imply that there is a definite trend between the change in SOM content and the amount and 
depth of tillage. However, there are too many other factors that have an effect on the SOM 
and ergo it is difficult to imply that only tillage is causing this correlation.
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1 Introduction 
There are many definitions for the term soil depending on the profession. Farmers might 
refer to soil as the uppermost weathered layer of surface deposits where roots grow, or simply 
the fertile substrate in which they can cultivate. Whereas geologists would refer to soil as all 
weathered materials produced in situ, focusing more on what minerals formed the soil and 
how. Engineers, on the other hand, would refer to soil as the ground that can be excavated 
without blasting, focusing on how the material could be exploited (Hunt, 1972). 

For this study, soil science is understood to be part of the larger academic field of geology, 
however, soil can be studied interdisciplinary. Soils are great carbon sinks, the total amount 
of carbon found in the Earth’s soils is 2500 Gt and to put that number into perspective the 
total carbon found in the atmospheric pool is only estimated at around 800 Gt (Mehra et al., 
2018). In 1990 it was estimated that at least 38% of the current cultivated areas on Earth had 
been damaged or eroded by agricultural management practices since 1945 (Nearing et al., 
2017). Many researchers have investigated the soil’s role in storing carbon (Gíslason, 2012; 
Keesstra et al., 2016; Smith, 2004). Could the right agricultural management practices 
increase that storage and decrease soil damage? 

This thesis combines quantitative and qualitative research on Icelandic horticultural soils 
which have been cultivated in different ways over the past 3 years. By integrating qualitative 
research methods which gathered data around agricultural management practices with lab 
testing for soil organic matter (SOM) content, an investigation was carried out in order to 
determine if there might be a correlation between the soil sample testing outcomes and the 
reported agricultural management practices, in this case the frequency and depth of reported 
tillage and the SOM content in these soils. The rest of this chapter will describe the basics 
of soil science and justify the reasons for this study. The following chapters cover the 
methods used and finally present the results. 

1.1 General information 
A.E. Hartemink (2016:117) defines soil as “a living, four-dimensional natural entity 
containing solids, water (or ice) and air”. He describes how “soils store and transform energy 
and matter. The soil often supports vegetation, carries all terrestrial life, and produces most 
of our food. It is an integral part of the natural world interacting with the climate, lithosphere 
and hydrosphere”. With this definition there is no denying that soil is a vital part of nature 
that we also belong to. 

This study evaluates Icelandic soils on horticultural farms which are farms that only produce 
vegetables. This evaluation looks to inspect the frequency and depth of reported tillage to 
observe whether it may influence the accumulation and maintenance of SOM in actively 
managed horticultural Andosol soils. Soils that are actively managed for agriculture are 
significantly modified through mechanical, chemical, and biological means, and tillage is 
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therefore only one of many factors contributing to SOM. The decision was made to only use 
tillage for comparison in this study, because of time limits and the scope of this thesis.  

Tillage or plowing involves turning or breaking up the soil (Obour et al., 2018). This 
agricultural management practice helps to control weed pressure, to produce an appropriate 
soil structure for planting, and to introduce nutrients and air deeper into the soil. However, 
there is a relationship between tillage and the release of carbon as CO2. Increased tillage can 
decrease the amount of carbon in the soil (Reicosky, 1997). One of the reasons being that 
the residue that is on the surface will be incorporated into the soil which increases the activity 
of microorganisms (Reicosky, 1997). Those microorganisms consume carbon and nitrogen 
meaning the SOM content decreases. Plowing fractures, inverts and opens the soil which 
allows for more rapid CO2 and oxygen exchange with the atmosphere (Reicosky, 1997). The 
exchange happens with the respiration of microorganism which breath in the oxygen that is 
in surplus because of the tillage and in return breath out increased amount of CO2 that enters 
the atmosphere.  

1.1.1 Soil properties 

It can take soils between decades to millennia to form as a product of erosion caused by 
chemicals, climate, water, plants and other living organisms (Guðmundsson, 2018). Soil is 
the building block of life and has many remarkable properties, including the recycling of 
carbon (Gíslason, 2012). Carbon sequestration has been explored and tried in rock and the 
ocean but also in soils (Gíslason, 2012). Soils naturally sequester carbon as a part of the 
organic carbon cycle with the help of microorganisms like bacteria and fungi (Gíslason, 
2012). The sequestration of inorganic carbon happens with the breakdown of plagioclase 
minerals to form allophane clay minerals (which is the most common mineral in Icelandic 
soils) as shown in equation 1 (Gíslason, 2012). This process can lead to the uptake of 
bicarbonate by organisms in the ocean as the bicarbonate flows to the sea from soil water 
with rivers (Gíslason, 2012). Therefore, the carbon does not stay for too long in the soil, but 
nonetheless plays a vital part in the carbon cycle.  

Eq. 1  CaAl2Si2O8 + 2CO2 + 5.53H2O ® Al2SiO5·2.53H2O + Ca2+ + H4SiO4° + 2HCO3- 

Plagioclase + Carbon dioxide + Water ® Allophane + Calcium + Silica + Bicarbonate 

Measuring OC (organic carbon) in soils requires dry combustion technology which is 
expensive and therefore, SOM can be used as an indicator of total carbon content (Pribyl, 
2010). 

The soil samples collected for this study were Icelandic soils which generally have either 
Brown Andosol (ice. brúnjörð) or Gleyic/Brown Andosol (ice. votjörð-brúnjörð) soils 
containing around 12% of SOM (Ó. Arnalds & Óskarsson, 2009). Soil classification is based 
on factors of soil formation represented by the acronym CLORPT, which stands for CL = 
climate, O = organisms, R = topography, P = parent material and T = time (Stockmann et 
al., 2018). In a study from Ólafur Arnalds et al. (2009), a soil map of Iceland was published, 
showcasing the classification for Icelandic soils which is mostly influenced by the parent 
material, seen in figure 1. Icelandic Andosol soils form from the erosion of mafic tephra 
(parent material) among other materials. 
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1.2 Review of Literature 
Agricultural management practices are being studied here insofar as these practices might 
promote or abate carbon capture in soils. The negative consequences of global climate 
change motivate exploration of these management practices for capturing carbon in soil 
which would otherwise accumulate in the atmosphere as CO2. Long-term studies that ranges 
five to fifteen years are common within soil science studies as it can take a considerable time 
to see significant changes in the soil (Brown et al., 2021). In the case of this study, designing, 
funding, and implementing a multiyear, multisite study with controlled trials is beyond the 
scope of a BSc thesis and in many cases is out of reach for many researchers and most 
farmers around the world. By integrating qualitative research methods like interviews with 
farmers which gathered data around agricultural management practices, an attempt is made 
here to determine if a correlation can be made between the reported tillage depth/frequency 
and SOM content in their managed soils. 

Franco-Luesma et al. (2020) did a study in a Mediterranean climate where they found that 
conventional tillage increased the cumulative soil CO2 emissions by 39% compared to no-
tillage. In that study they mention how tillage stimulates the oxidation of SOM by microbial 
activity because it creates favorable conditions for soil microorganisms to decompose the 
SOM. These conditions are favorable because the soil profile is disturbed by the plow and 
soil aggregates are broken down. Soil aggregates are collections of inorganic and organic 
compounds cemented together, and the soil profile consists of those aggregates together with 
the pore space between them (Blanco-Canqui & Lal, 2004). Farmers want to break up the 

Figure 1 Soil map of Iceland showcasing the classification for Icelandic soils. Brown: Brown 
Andosols, yellow: Gleyic/Brown Andosols (Arnalds & Óskarsson, 2009). 



4 

soil aggregates to make it easier to plant seeds in the soil and eliminate weeds. The tillage 
also moves topsoil, which contains higher levels of organic matter than deeper soil layers, 
downwards through the soil profile (Franco-Luesma et al., 2020). Decomposition of the 
SOM produces soil CO2 that can be released into the atmosphere (Franco-Luesma et al., 
2020).  
 
The processes that form the soils around the world are explained with the CLORPT acronym 
where climate is the first factor. Climate affects the ways in which a soil interacts with 
organic matter. Therefore, could agricultural soils in different climates have different 
responses to SOM content due to different agricultural management practices. Mangalassery 
et al. (2015) noted that the rate of carbon sequestration in tropical soils can be up to five 
times higher than in temperate soils, when they compared data from multiple studies. 

Paustian et al. (1997) looked at how different agricultural management practices have an 
effect on carbon sequestration in agricultural soils. They found that in a no-till soil there was 
8% more soil carbon than in conventionally cultivated soils. In a more recent study, Li et al. 
(2020) found similar results. In that study they collected data from 243 global studies and 
found that regardless of climate and crops by reducing tillage there was always an increase 
in soil organic carbon (SOC). No-tillage increased SOC by 11% compared to conventional 
tillage and reduced tillage increased SOC by 6%. In conventional farming the farmers 
usually till their soil either every spring or at an interval of about 3 years (Guðmundsson, 
2018). 

Some experiments have been made to assess whether transitioning to more agroecological 
management practices results in decreased erosion and increased in SOM content. Blesh and 
Wolf (2014) performed a qualitative research on how and why farmers decide to transition 
to a more sustainable agriculture and found that even though the transition is complex, the 
farmers will benefit from it greatly. Álvaro-Fuentes et al. (2008) assessed an agroecological 
system in the Mediterranean and found that reducing tillage in such a system is a viable 
method to increase SOC levels. Lewis et al. (2011) found that reduced tillage would help 
farmers that were transitioning to organic farming to increase soil quality and health. Labile 
soil carbon in the testing areas increased around 15%. 

In the scientific community the overall agreement seems to be that altering tilling methods 
from regular tillage to reduced tillage will always have generally beneficial effects on 
aggregate formation in agricultural soils and thereby increasing SOC content (Blanco-
Canqui & Lal, 2004). Aguilera et al. (2013) found that conservation tillage methods (no-till 
and reduced till) increased SOC by an average 11-15% and subsequently sequestered carbon 
by the rate of 0.32-0.44 mg C/ha·year. Gadermaier et al. (2012) found that organic carbon 
would increase by 2-3% in the top 10 cm in the top soil with reduced tillage. 

In Iceland most studies regarding carbon sequestration and climate change mitigation in land 
systems focus on remediating eroded land and bogs. In a study from O. Arnalds et al. (2013) 
they found that the carbon content in the top 5 cm layer of some remediated soils (formerly 
eroded soils) increased by 0.3 – 0.7%. They also noted an annual carbon accumulation of 
0.04 – 0.063 kg C/m2·year over the first seven years in actively remediated land. No studies 
have been published on the effect of tillage on Icelandic agricultural soils. 



5 

1.3 Global warming 
Before 1920 the main anthropogenic CO2 emission was from land use change, mainly 
conversion of natural land to agricultural land (Paustian et al., 1997). Considerably more 
carbon is stored in the Earth‘s soils than is in the atmosphere. This balance between storing 
and emitting carbon dioxide as one of the greenhouse gases is important because if it is 
disrupted the atmosphere will get warmer (Ó. Arnalds & Guðmundsson, 2020). The global 
soil carbon pool to 1-meter depth is estimated to be 2500 Gt and of that is SOC about 1500 
Gt (Ghosh et al., 2020). That is about 3.2 times the size of the atmospheric pool (Ghosh et 
al., 2020).  

According to a special report for policymakers from the IPCC (Intergovernmental Panel on 
Climate Change) almost all the proposed pathways to stay within a global temperature 
increase of 1.5°C included carbon storage as a way to go to negative anthropogenic 
emissions (IPCC, 2018). Finding realistic solutions to the global warming problem is vitally 
important now and for the future. Even if carbon cannot be stored long term in soils as it 
would be if it was to be stored in rocks (e.g., basalts), reduction of tillage and the consequent 
reduction of CO2 emissions from those soils can be part of the global strategy for climate 
change mitigation. In a review on NETs (negative emissions technologies) done by Fuss et 
al. (2018) they conclude that reduction of tillage is a very inexpensive option for carbon 
sequestration and an easy adaptation for farmers that has no other negative impacts. 

According to a study from 2004 there is a clear link between carbon sequestration and food 
security due to soil health improvement (Lal, 2004). In a forum paper from 2016 scientists 
discussed how soil sciences are vital to improve the results of interdisciplinary studies on 
the UN Sustainable Developement Goals (SDGs) from 2015 related to, for example, food 
security, climate change and biodiversity loss (Keesstra et al., 2016). 

1.4 Main focus 
The aim of this study is investigating the existence of a correlation between the reported 
frequency and depth of tillage from the farmers with the change in SOM content. This study 
is part of a larger research investigation (note chapter 4.1 for more information) combining 
qualtitative research methods with standard soil sampling and testing procedures to evaluate 
the impact of various agricultural management strategies on SOM and SOC in cultivated 
horticultural soils in Iceland. The question lies in whether less disturbance and less tillage of 
the soil leads to an increased buildup of SOM, and thus carbon, in the managed soils under 
investigation. 

2 Methods 
The decision to combine quantitative and qualitative research methods was to minimize the 
research time needed to perform this study and still produce results which might point toward 
a correlation. Qualitative interviews were used as a proxy for long term trials that would 
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otherwise take years. Long term trials involve testing the agricultural management practices 
firsthand and waiting for years to receive the desired results. With interviews that step can 
be avoided and the farmers themselves report the results. However, using only reported 
results limits the strength of any relationship found during testing, for example, if the farmers 
are unsure of which methods they used or if they report their methods inaccurately.  

The SOM content in the soils was measured through Loss on Ignition (LOI) testing. Which 
is done by burning a small portion of the milled samples in a high temperature oven for a 
few hours, turning it into fine ash (Pribyl, 2010). By measuring the weight of the sample 
before and after, it can be determined how much organic matter burned away and therefore 
how much organic matter was initially in the sample. The LOI test was selected as the 
appropriate test in order to estimate SOC in the samples, because SOM is often used as a 
proxy for SOC, as the vast majority of the dry weight of SOM is carbon (Pribyl, 2010). This 
test fell within the time and resource limits of the study when considering access to a lab and 
the availability of appropriate equipment. The LOI testing is an accessible and relatively 
inexpensive testing procedure for understanding carbon content in soils. Therefore, it falls 
under the broader intentions of this study, which is to develop a procedure by which 
agricultural soils can be more broadly tested for carbon sequestration in response to changes 
in agricultural management practices. There were limitations to that approach, for example, 
SOM is not a perfect representation for total carbon content (Pribyl, 2010). If time and 
resources had allowed, then a more precise carbon content test would have been carried out. 

2.1 The farms 
The south-west part of Iceland is the most heavily cultivated area of Iceland. The soil is 
relatively similar over the whole area, making it a perfect place to compare agricultural 
management practices with respect to carbon accumulation. The samples were collected 
from six horticultural farms that cultivate different types of vegetable crops and have 
different agricultural management practices. Semi-structured interviews were conducted 
with the farmers over three days in November 2020. 

The six farms were all located within the regional boundaries of the study. They all grow 
only vegetables and they have been doing so for at least 5 years. Most of the soils are Brown 
Andosol (ice. brúnjörð) or Gleyic/Brown Andosol (ice. votjörð-brúnjörð) soils but two of 
the farms are cultivating in soils that are situated on the banks of the river Hvítá and those 
soils are mixed with a considerable amount of sand. The farmers were asked prior to the 
study to designate a particular field from which the soil samples were taken which fits the 
following criteria:  

1. Vegetables have been grown for at least 3 years in the area. 
2. The farmer can attest to the agricultural management practices employed throughout 

those years in the area as well as what particular crops have been grown throughout 
that time period. 
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2.2 Interviews 
The qualitative part of the study was conducted as a semi-structured interview with all of the 
farmers. Due to the COVID-19 pandemic the interviews were conducted through phone calls 
or on site with appropriate distance. The following questions were asked in Icelandic: 

- How is the cultivated area organized? (ice. Hvernig er svæðið skipulagt? Þ.e. er það 
beð, akur, gróðurhús osfv.?) 

- What crops have you cultivated in the area in the past 3 years? (ice. Hvaða 
grænmeti/annað hafið þið ræktað á svæðinu síðustu 3 árin?) 

- How long has this area been cultivated? (ice. Hvað hefur það lengi verið notað undir 
ræktun?) 

- Do you plow the area regulary and if so how deep into the soil? (ice. Plægið þið 
svæðið reglulega og ef svo er hvernig og hversu djúpt (á einnig við um tætingu)? Eða 
notið þið aðrar aðferðir?) 

Results from these interviews are shown in table 1 in chapter 3.1. 

2.3 Sample collecting 
The soil samples were collected during November 2020 at each of the farms. The sample 
collection was conducted under soil sample guidelines from Ackerson (2018). Following 
sampling protocol, the growing area was identified, e.g., a field, a bed or a greenhouse. Then 
the samples were taken from a diagonal transect across the selected growing area from 10 
cm diameter holes to a depth of 15 cm. The three samples from each growing area were 
blended together in a bucket and placed into 1-gallon zip lock bags that were labelled 
accordingly with the date, farm, growing area and depth. Finally, the bags were sealed and 
stored in a cooler at 2°C for approximately 2 months. 

Sampling on a diagonal transect gives the most accurate representation of what processes 
are taking place in the soil and limits uncertainty (Ackerson, 2018). Using the same sampling 
protocol, samples were also taken from an area of each farm which had never been 
cultivated. Those samples are termed the control samples in this study. For two of the farms, 
samples were taken from 3 areas, but for the rest of them it was only 2 areas (one cultivated 
and one control). The reason for the special treatment of the two, was that one had both 
greenhouse cultivation and outdoor beds and the other had two greenhouses that differed 
greatly in age and history. This resulted in 14 sample bags from 6 farms.  

The tools used were; a 15 cm core sampler (soil auger), a bucket, a shovel, zip lock bags, a 
ruler and a small hand shovel to blend the soil.  

2.4 Sample preparation 
The sample preparation took place in the soil lab at the Askja building at the University of 
Iceland from the 16th to the 19th of January 2021. Approximately 300 to 500 g from each 
blended 15 cm depth sample was air dried and sieved to 2 mm, producing 14 air dried and 2 
mm sieved samples for testing.  
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The tools used were; a small hand shovel to blend the soil, a 2 mm sieve, 14 aluminum boxes 
to hold the sieved samples and a paper to transfer the sieved soil.  

From the 26th to 28th of January 2021 at the same lab in Askja, the air-dried and 2 mm sieved 
samples were milled using a Planetary Ball Mill PM200 milling machine for 10 minutes 
each at 450 rpm and then sieved to 150 µm. 

The tools used were; a milling machine (Planetary Ball Mill PM200 from Retsch), a 2 mm 
sieve, a 150 µm sieve, spoons for blending, containers, small aluminum boxes, brushes and 
small tools to help with the sieving.  

2.5 Sample analysis 
From the 28th of January to the 2nd of February 2021 at the same lab in Askja a LOI test was 
performed. Two repetitions of 1-gram portions of each sample were put into a low 
temperature oven at 110°C, overnight for about 14 hours and then stored in a moisture-free 
oven for three days. The oven was then manually controlled for the LOI test: first the samples 
were kept at 200°C for 1 hour and then at 550°C for 4 hours. To cool the oven down, the 
sampled stayed at 110°C overnight, for approximately 17 hours. The samples were then 
weighed again. The results can be seen in table 2 in chapter 3.2.  

The tools used were; 28 crucibles, tools to transfer the soil, a scale of 0,001 g readability, a 
low temperature oven (Heratherm general protocol oven from Thermo scientific) and a high 
temperature oven (StableTemp muffle furnace from Cole-Parmer).  

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2 Samples after LOI. 
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3 Results 
All numerical results were added to an excel spreadsheet as well as the relevant answers 
from the interviews. The excel spreadsheets were subsequently uploaded into Rstudio for 
visualization. 

3.1 Results from interviews 
Table 1 Results from interviews with farmers. 

Farms Type Cultivation 
area 

Reported tillage Crops Time in use 

A Certified 
organic 

Field 
(geothermal 
heat) 

Plow initially and 
if a field has not 
been in use for a 
while (15-20 cm) 

Carrots, 
marigolds, 
beets and 
celery 

26 years 

B Conventional Field Plow initially and 
then every 3 
years (15-20 cm) 

Cabbages 4 years 

C Conventional Field 
(geothermal 
heat) 

Plow every 
spring (25 cm) 

Carrots and 
potatoes 

23 years 

D Conventional Field Plow every 
spring (33 cm) 

Chinese 
cabbages, 
cauliflowers 
and broccoli 

4 years 

E Organic 
methods (not 
certified) 

Greenhouses Never Tomatoes, 
cucumbers 
and bell 
peppers 

29 years and 
19 years 

F 
 

Organic 
methods (not 
certified) 

Outdoor beds 
(geothermal 
heat), 
greenhouse 

Plow initially 
outdoors (20 cm) 
and never indoors 

Tomatoes, 
beets and 
summer 
courgette 
(squash) 

Greenhouse: 
6 years, bed: 
5 years 

 

Here has each farm been assigned an alphabetic letter. 
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3.2 Results from lab testing 
Table 2 Results from lab testing. 

Average repetition 
for analysis, farms 

Oven dried 
weight (g) 

Ratio of 
dry matter 

LOI (g) ratio OM %OM 

A1 (control) 0.904 0.930 0.220 0.2434 24.339 

A2  0.871 0.919 0.202 0.2318 23.177 

B1 (control) 0.905 0.942 0.186 0.2062 20.619 

B2  0.932 0.946 0.199 0.2129 21.287 

C1 (control) 0.883 0.966 0.081 0.0918 9.178 

C2  0.912 0.966 0.070 0.0762 7.622 

D1 (control) 0.888 0.964 0.089 0.1008 10.079 

D2  0.907 0.970 0.075 0.0827 8.274 

E1 (control) 0.884 0.951 0.236 0.2664 26.640 

E2  0.922 0.945 0.243 0.2636 26.356 

E3 0.875 0.928 0.237 0.2709 27.086 

F1 (control) 0.908 0.939 0.181 0.1993 19.933 

F2 0.850 0.919 0.190 0.2230 22.296 

F3 0.882 0.925 0.180 0.2046 20.463 

 

Here the farms have been assigned different labels depending on where the samples were 
taken. From these results, if the control sample is compared to the farm sample, it can be 
seen that some farms increase their SOM content while others decrease their SOM content. 
Note that two of the farms have much lower numbers of OM (organic matter) which can 
indicate that their soil composition is different compared to the others.  

Rstudio was used to produce graphical plots, shown on the following page, to determine 
whether a trend can be seen between the different categories of interest. On these graphs the 
change in SOM was calculated as the soil sample subtracted from the control sample, for 
example: A = A2 - A1, E(a) = E2 - E1 and E(b) = E3 - E1. 
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Here the reported tillage from the farmer is compared to the change in SOM. Note that at the 
last two farms the sampling was done in two different locations.  

 

Here the reported depth of tillage is compared to the change in SOM.  

Graph 3 Plot of change in SOM in correlation with reported frequency of tillage. 

Graph 4 Plot of change in SOM in correlation with reported depth of tillage. 
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4 Discussion 
From the results it can be indicated that there is a trend between the amount of tillage and 
the corresponding decrease or increase in measured SOM. It can also be indicated that there 
is a trend between the depth of tillage and corresponding decrease or increase in measured 
SOM. The largest loss of SOM occurred where the amount of tillage was annual and at the 
greatest depth. However, it is hard to acknowledge a correlation between those factors when 
they do not all follow the trend. For example, there are similar tillage methods used between 
farms A and B, but the results differ greatly.  

Tillage is only a single factor of many that contribute to soil health and consequent SOM 
content of the soil. Therefore, tillage would not be enough to explain all that is happening in 
the soil relative to SOM/SOC content. For example, the fertility management (i.e., composts 
and fertilizers) used by the farmers can have an effect on the soil structure and SOM content 
(Ayuke et al., 2011). 

Other factors that do have an effect on the soil structure and SOM content and could be 
directing the results of this study would be e.g., the type of soil, time in use, type of crops, 
machines used and different types of plows, former use of the land (i.e., was it previously a 
drained bog area), etc.  

4.1 Broader study 
The study undertaken for this BSc thesis and the data collected herein is part of a larger 
investigation being carried out by Nicholas Ian Robinson as part of his doctoral dissertation 
on horticultural production in Iceland. Additional data collection, soil sample collection and 
soil testing on these samples was carried out simultaneously as part of that broader study.  

There are multiple agricultural management practices utilized by farmers in their 
management of soil fertility which contribute to the SOM and SOC content. To fully utilize 
the qualitative part of this study the farmers were also asked about amendments they use on 
their soil as well as other contributing factors. These are the additional questions asked as 
part of the broader study: 

- How did you manage the fertility of the soil? (ice. Hvernig sinntuð þið frjósemi 
jarðvegsins? Þ.e. notuðu þið áburð eða bætiefni?) 

- What fertilizers or other amendments did you use in the past 3 years? (ice. Hvaða 
bætiefni eða áburð notuðu þið? Þ.e. hverju hefur verið viðbætt í jarðveginn síðustu 
3 ár (steinefni, molta, mykja osfv.)?) 

- How did you manage weeds and pests? (ice. Hvernig hélduð þið illgresi og 
meindýrum í skefjum?) 

In addition to asking the farmers further questions, more soil samples were taken than were 
tested for this BSc thesis. Another set of samples were taken down to a depth of 30 cm and 
subsequently frozen for future analysis.  

Soil samples were also sent to the NMI (The Icelandic Innovation center) for a direct analysis 
of total carbon and total nitrogen using dry combustion analysis. 
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4.2 Broader impacts 
There are many ways of performing a soil analysis and an emphasis can be put on many 
different focus points. The methods for soil analysis described in this thesis can be an 
accessible method of experimentation that can open up soil carbon testing to more people, 
farmers and scientists alike, because the lab testing is relatively simple and inexpensive. 
Finding possible correlations across farms between agricultural management practices and 
SOM/SOC with combined qualitive and quantitative methods can decrease working hours 
and resource expenditure for these studies. When a study is organized in this manner, many 
different agricultural management practices can be tested against different lab testable 
outcomes in order to derive correlations. This type of study could be replicated in other 
locations, in other contexts, for other soils, etc. For future studies, getting a bigger sample 
size by sampling at more farms and taking more samples at each of them, could help decrease 
the uncertainty of the results and show a more definite correlation.  
 
The role of organic matter in soils is great and doing an analysis on it as a factor on soil 
health could be utilized in more ways than is shown in this study. Organic matter in soils 
transfers nutrients, mostly supplements like nitrogen, phosphorous and sulfur, from the soil 
to the vegetation (Guðmundsson, 2018). According to Obalum et al. (2017) SOM can be 
used as an indicator of soil degradation because of its role on plant nutrition and overall soil 
structure. 
 
In this study the tested material was taken from the top 15 cm of the soil profile because that 
was the average depth of the tillage. However, for future studies sampling down to deeper 
depths might show different results. Perhaps with an unlimited budget and appropriate 
equipment, deeper cores might be warranted for getting a more accurate picture of carbon 
content. 
 
Studies on soils and their capacity to store carbon and evidently preventing more soil erosion 
in the world are becoming more urgent in a progressively more populated and polluted 
world. This should encourage policy makers and governments to stand by those type of 
studies and be more active in preserving soils in the world. They could, for example, 
implement stricter regulations on harmful farming methods and fertilizers. 

4.3 Conclusions 
In conclusion different agricultural management practices result in different amounts of 
SOM and consequently different amounts of SOC. The results of this study indicate that 
different tillage frequencies and depths have an effect on the accumulation of SOM to some 
extent, however many other factors do affect the SOM amount as well. Repeating this type 
of study with more farms could better indicate how only tillage affects the SOM content. 
These types of studies could be precursors to other larger studies that hopefully can lead to 
more innovation work within agriculture and the development of more sustainable 
agricultural management practices.  
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