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Abstract 
 

English abstract 

Climate change can be described as both a natural and an artificial process that affects all 

life on earth. One of its consequences is the rising of sea levels which can cause problems in 

coastal areas, such as increasing the pressure of saline groundwater. Due to this increased 

pressure, this saline seepage water can rise to the surface, causing salinisation of the soil in 

question. This has direct impacts in nature, but it affects agricultural land as well. Salinisation 

of the soil causes a loss of soil structure and soil fertility, and these soils are often 

dehydrated. In addition, plants find it more difficult to root on these soils and can suffer from 

osmotic and ionic stress. Until now, it was still unknown whether ploughing could be a 

method of reducing the negative effects of salinisation. In addition, breeding salt tolerant 

wheat crops is considered difficult because this involves a polygenetic trait for which not 

much phenotypic selection methods are available. Therefore, this research focuses on which 

vegetative growth differences are visible in saline soils and to what extent ploughing has an 

effect on this. This study was carried out on two types of wheat parcels, where one of which 

was ploughed. Half of each parcel was then salinated with saline seepage water through drip 

irrigation, and the other half was irrigated with fresh surface water. The variables 

germination, plant length, leaf area, damage, condition and root architecture were then 

examined over a 13-week period. The results showed that ploughing and salinisation had an 

interactive effect on the variables germination, plant length, damage and condition. 

Ploughing always seemed to have a negative effect on germination, but also limited the 

effects of salinisation in the other variables. In the treatments where salinisation was applied, 

the plants were significantly higher, had less damage and an improved condition. This was 

probably caused by an increased quantity of strigolactones, which these plants release in 

response to salt stress. These hormones contribute positively to apical dominance and salt 

tolerance. It can therefore be concluded that ploughing and salinisation have an interactive 

effect on germination, plant length, damage and condition during the vegetative growth of 

Triticum aestivum 'Extase'. 
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Dutch abstract 

Klimaatverandering is tegenwoordig zowel een natuurlijk als kunstmatig proces dat al het 

leven op aarde beïnvloed. Zo is één van de gevolgen de stijging van de zeespiegel die voor 

problemen kan zorgen in gebieden langs de kust, zoals het verhogen van de druk van zout 

grondwater. Door de verhoogde druk kan dit zoute grondwater stijgen waardoor de bodem in 

kwestie verzilt. Dit heeft directe gevolgen in de natuur, maar ook op agrarische gronden. 

Verzilting van de bodem zorgt voor een verlies van bodemstructuur en 

bodemvruchtbaarheid, en ook zijn deze gronden vaak uitgedroogd. Daarnaast kunnen 

planten lastiger op de gronden bewortelen en kunnen zij leiden aan osmotische en ionische 

stress. Tot voorheen was het nog onbekend of ploegen een methode kon zijn om de 

negatieve gevolgen van verzilting te beperken. Daarnaast is het veredelen van zouttolerante 

tarwegewassen erg lastig omdat het hierbij gaat om een polygenetische eigenschap waarbij 

nog weinig fenotypische selectiemethoden bekend zijn. Daarom focust dit onderzoek zich op 

welke vegetatieve groeiverschillen zichtbaar zijn in verzilte bodems en in welke mate 

ploegen hierop een effect heeft. Dit onderzoek is uitgevoerd op twee type tarwepercelen, 

hierbij is een perceel geploegd en de ander niet. De helft van ieder tarweperceel is 

vervolgens verzilt met zout kwelwater middels een druppelirrigatiesysteem en de andere helft 

werd geïrrigeerd met zoet oppervlakte water. Vervolgens is in een periode van 13 weken 

gekeken naar de variabelen ontkieming, plantlengte, bladoppervlak, schade, conditie en 

wortelarchitectuur. Uit de resultaten is gebleken dat ploegen en verzilting een interacterend 

effect hebben op de variabelen ontkieming, plantlengte, schade en conditie. Ploegen leek 

hierbij altijd de ontkieming negatief aan te tasten, maar daarnaast wel de effecten van 

verzilting in de andere variabelen te beperken. In de behandelingen waar verzilting werd 

toegepast waren de planten significant hoger, hadden minder schade en een verbeterde 

conditie. Dit werd waarschijnlijk veroorzaakt door een verhoogde hoeveelheid strigolactonen, 

die deze planten als reactie op zoutstress afgeven. Deze hormonen dragen positief bij aan 

apicale dominantie en zouttolerantie. Hierdoor kan worden geconcludeerd dat ploegen en 

verzilting een interactief effect op de kieming, de plantlengte, de schade en de conditie 

tijdens de vegetatieve groei van Triticum aestivum 'Extase'. 
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1.  Introduction 
 

Climate change can be described as a natural process that affects all living organisms on 

earth. Climate is formed by the chemistry and physics of the Earth’s atmosphere, as well as 

the natural processes that take place on Earth. Natural climate change is a rather slow 

process and is caused by chemical changes in the Earth’s atmosphere due to the 

greenhouse effect. This effect is caused by increasing and decreasing of greenhouse gasses 

(water (H2O), carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3)) 

(Hardy, 2003). These gasses emit and absorb radiant energy and reflect this back to Earth 

which contributes to global warming (Cassia, Nocioni, Correa-Aragunde, & Lamattina, 2018). 

In natural climate change, these greenhouse gasses are produced by Earth’s natural cycles 

which create warmer and colder periods. Natural climate changes are small and take 

thousands to even millions of years to develop (Hardy, 2003). Most organisms on Earth can 

adapt to such subtle changes through evolution (Campbell et al., 2018). Over the past 150 to 

200 years, however, humans began to influence this natural cycle by adding more 

greenhouse gasses to the Earth’s atmosphere as a consequence of new technologies which 

emitted more greenhouse gasses. This caused the Earth to warm up at a much faster scale, 

which has led to drastic effects on health, environment and economy (Hardy, 2003). 

One of the effects of artificial climate change is the rising of the 

sea level, which has negative consequences for the people that 

live in most coastal lands. For example, in the Netherlands, most 

coastal areas have high concentrations (>10.000 mg/l) of salts in 

groundwater (see figure 1.1). Because of this rising sea level, the 

pressure of saline seepage water increases, making the soil 

saltier (Daliakopoulos et al., 2016). Seepage is water that is 

present and stored underground and can rise to the surface due 

to increasing pressure or a reduction in rainfall. In the 

Netherlands, most groundwater is brackish to saline. The rising of 

this water therefore directly salinates the soil in question (Stichting 

Toegepast Onderzoek Waterbeheer, n.d.). This is already causing 

problems in nature, but it is even more problematic for agricultural 

lands (Daliakopoulos et al., 2016). Most cultivated plants grow 

poorly on saline soil, rendering salinisation a challenge for both 

breeders and growers, who are currently looking for more salt 

tolerant varieties or innovative ways to overcome salinisation. 

Consequently, more research into the effects of salinisation on 

both soil and plants is needed (Zhu, 2001). 

1.1 Effects of salinisation on agricultural lands 

As mentioned before, soil salinisation is a major problem for most agricultural lands, due to 

the fact that most cultivated plants do not grow well on saline soils. Salinisation can have 

many different causes that can be classified as salinisation due to natural causes and 

salinisation caused by humans. Natural salinisation occurs by chemical or physical transport 

of salt in rain or ground water, carried by wind or accumulation of seawater. Artificial 

salinisation is often caused by insufficient use of fertilisation, irrigation or drainage of the soil. 

Fertilisation adds nutrients to the soil, which can accumulate if used improperly, making the 

soil more saline. Irrigation water is often saltier because it is one of the ways in which plants 

can be fertilised, and salinisation can occur as a result of residual irrigation water on the land. 

Finally, drainage can also contribute to salinisation because residual salts can remain in the 

soil, after the groundwater is pumped away. (Daliakopoulos et al., 2016)  

Figure 1.1: Salt concentrations in mg/l present 
in Dutch soils (Deltares, 2010) 
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Salinisation can have many different effects on the soil, based on the soil type. In clay 

grounds, degradation of the structure of clay particles is possible due to the replacement of 

calcium (Ca2+) and magnesium (Mg2+) cations with sodium (Na+). This leads to the 

weakening of bonds between soil particles and increases the chance of erosion 

(Daliakopoulos et al., 2016). It also makes the soil less suitable for plants to grow on, as Na+ 

is considered to be toxic for plants in extreme concentrations (Tester & Davenport, 2003). 

The soil can become dehydrated, crusted and sometimes even structureless due to the 

disappearing of natural aggregations. Crusted grounds limit the possibility of rooting, making 

it harder for seedlings to root. Saline soils are often susceptible to tunnel erosion as well. 

Tunnel erosion is when the small clay particles move towards each other and collect in the 

cracks caused by dehydration of the soil. This results in the obstruction of the pores that are 

present in the ground and a decrease of hydraulic conductivity. This means that water has a 

harder time penetrating the soil because of its high compactness, making it more difficult to 

rehydrate the dry soil. In addition, it is known that saline soils are often less fertile, because 

of the reduction in available nutrient ions when sodium and chlorine are present in high 

quantities in the soil. This can in turn reduce the biomass production of the plants growing on 

these types of soils (Daliakopoulos et al., 2016).  

There are various ways in which farmers themselves can limit the appearance of salinisation 

on their land. This can be done, for example, by reducing the use of fertilisers, irrigation and 

drainage, and adapting the use of these systems in a way that is suitable for the type of land 

and the characteristics of the soil. These are preventive ways to reduce salinisation to some 

extent. The major effect of salinisation on agricultural lands, however, is dehydration 

(Daliakopoulos et al., 2016).  One way to restore soil moisture is to enrich the soil with more 

organic matter, as organic matter increases the moisture holding capacity of the soil (Bot & 

Benites, 2005). Ploughing could help to increase the organic matter in the soil, as this 

involves mixing organic matter found on the land, such as green manures, weeds or crop 

residues from previous years, evenly with the soil in question. In ploughing the upper layer of 

the soil is turned upside down and mixed. This makes it easier for plants to root, brings the 

fertile parts of the ground to the surface and could even help to control weeds (The Editors of 

Encyclopaedia Britannica, 2020). Ploughing may thus reduce some of the negative effects of 

salinisation, but in literature only one research has been found that addresses the influence 

of ploughing on salinisation. This study, of Libus, Mauer, & Vavříček from 2010, did not show 

evidence of ploughing having an effect on salinisation. However, this study only examined 

possible differences in the soil and focused on natural vegetation on a natural soil type. 

Research into the effect of ploughing on salinisation on agricultural lands is still lacking. 

Besides this, ploughing could also have negative effects on the soil. Wang et al. showed in 

2014 that ploughing could disrupt soil structure and moisture stability, and that no-tillage 

cultivation systems actually decreased the salinity concentration in the soil (Wang et al., 

2014). It is currently unclear whether ploughing can be a method of limiting the effects of 

salinisation, as both positive and negative effects can be found in the literature regarding this 

subject. More research on this subject is therefore of evident importance as salinisation of 

soil is becoming an increasing problem in agriculture. 

1.2 Effects of salinisation on plants 

Salt stress is a common phenomenon on saline soils. It occurs when the salinity of the soils 

becomes toxic and is the main consequence of salinisation for plants. Currently, about 5.7 

million hectares (ha) of land worldwide are affected by salinisation and this is likely to 

increase to 17 million ha by 2050. Rooting and germination is harder for plants on saline soils 

as the ground dries out due to salinisation. In addition, salinisation has direct effects on the 

plant’s development and can be described as a combination of osmotic stress and ionic 

stress. (Isayenkov, 2012) 
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Osmotic stress is caused by the accumulation of sodium (Na+) and chlorine (Cl-) in the 

groundwater. Plants use osmosis for their water absorption. The plant stores certain salts, to 

have an osmotic potential that is higher than in its environment. This results in water uptake 

from the environment, as water always moves towards the highest concentration of solutes. 

Due to the accumulation of the previously mentioned ions, the osmotic value of the soil 

moisture changes. This results in a reduced water uptake by plants because the osmotic 

potential is now higher in the soil than in the plant itself, and plants may consequently suffer 

from dehydration. This phenomenon is called osmotic stress. (Isayenkov, 2012) 

Ionic stress is caused by the high absorption of, in particular, Na+ and Cl-, via non-specific ion 

channels in the membrane of root cells. When these ions are present in high quantities inside 

the plant, they have a strong influence on various processes. First of all, these ions cause an 

imbalance in the mineral homeostasis because they replace calcium (Ca+) and potassium 

(K+). Both calcium and potassium control important processes in the plant such as stomatal 

movement, turgor, membrane potential and adaptive stress responses. By replacing these 

ions with Na+ and Cl-, the degree to which these processes are controlled is significantly 

reduced, leading to a decreased growth. In addition, ionic stress disrupts biochemical activity 

and inhibits enzyme activity. (Isayenkov, 2012) 

Plants can react differently to salt stress. Some plant species, so-called halophytes, are 

adapted to a saline environment and can therefore cope well with osmotic and ionic stress 

without suffering any deterioration in their development. These plants often have built-in 

organs that actively excrete excess salt (Glenn, Brown, & Blumwald, 1999). Examples of 

halophytic crops are barley (Hordeum vulgare), quinoa (Chenopodium quinoa) and wild rice 

(Zizania aquatica) (Biosalinity Awareness Project, n.d.). Unfortunately for growers, most 

cultivated crops are glycophytic, which are known to be quite sensitive to salt stress. 

Salinisation severely impacts growth of carrots (Daucus carota sp.), onions (Allium cepa) and 

different types of beans, for example (Isayenkov, 2012).  

Within these glycophytic crops, however, some varieties express tolerance to salt stress, due 

to genetic differences. Breeders can use this variation to select for salt tolerant varieties and 

possibly cross these with varieties that have commercially important traits in order to get a 

high yielding, salt tolerant cultivar (Isayenkov, 2012). Salt tolerance refers to a plant that can 

germinate, is not inhibited in its development and can reproduce in a saline environment 

(Jana, 1993). Breeding crops for salt tolerance, however, is a difficult process. It is a 

polygenetic trait, which means that several genes determine the level of tolerance, and these 

are often recessive. Also, for most crops it is still unknown which genes underlie any possible 

salt tolerance (Shannon, 1985). This makes genetic selection methods mostly infeasible. It 

would therefore be better to use phenotypic selection methods, but salt stress symptoms are 

very general, and similar to other stresses (Shannon, 1985). Due to this generality of stress 

symptoms, selecting the plants that show the least stress symptoms is not very precise. Salt 

tolerance is thus considered to be a difficult trait to breed. In order to implement an efficient 

breeding program and to select salt tolerant plants at an early stage, insight into phenotypic 

plant responses to salt stress is crucial (Isayenkov, 2012). 

According to Isayenkov (2012), both halophytes and glycophytes often use comparable 

strategies to deal with salt stress, albeit to different degrees. The first strategy is to 

selectively take up calcium and potassium from the environment instead of sodium and 

chlorine. Another strategy is to store the toxic ions in different parts of the plant, such as in 

xylem- or phloem vessels, secreting organs or in the vacuole (Isayenkov, 2012). The last 

strategy that plants employ is to actively change their growth through halotropism. 

Halotropism can be described as a phenomenon in which a plant grows its roots away from a 

saline environment, so that it absorbs less salt from the soil it stands on (Galvan-Ampudia et 
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al., 2013). The effects of salt stress may be visible on the phenotype of the plant. Possible 

symptoms are poor germination, growth inhibition, increased rate of development, apoptosis 

and finally death. In addition, leaves may become discoloured or deformed, and burnt 

damage may be present (Shahid, Zaman, & Heng, 2018). As mentioned before in paragraph 

1.1, ploughing could be a means for limiting the effects of salinisation, but its efficacy in this 

context has thus far not been studied. 

One crop that particularly suffers from salt stress these days is wheat. It is known that 69% of 

all wheat production worldwide has been negatively affected by salinisation (Isayenkov, 

2012). The development of salt-tolerant wheat varieties is therefore an important objective. 

However, in order to develop these varieties, more research is needed to find out what plant 

responses to salt stress make the plant more tolerant. 

1.3 Wheat 

Wheat is one of the most widely grown crops for global consumption (Shewry, 2009). It 

belongs to the grasses family (Poaceae) under the genus Triticum (The Editors of 

Encyclopaedia Britannica, 2021). According to Shewry (2009), breeding and cultivation of 

wheat began probably 10.000 years ago during the Neolithic revolution when humans began 

to grow plants for food instead of hunting or collecting it. Prove has been found that wheat 

probably originates from south-eastern Turkey. The varieties used in these times were still 

diploid or sometimes tetraploid, while the market nowadays is being dominated by hexaploid 

or tetraploid varieties. Nowadays, there are essentially two types of wheat that are still being 

cultivated. First is durum wheat (Triticum durum), a tetraploid which accounts for 5% of the 

world market for wheat production and is mainly cultivated for products such as pasta. The 

second type is common wheat (Triticum aestivum), a hexaploid that accounts for the other 

95% of the market and is grown mainly for bread. It is therefore clearly visible that common 

wheat has become the most important wheat crop in both economic and agricultural terms 

(Shewry, 2009). 

Common wheat is very similar to other grasses in its characteristics. Typical 

properties include pointed leaves, a round and hollow stem, a ligula and 

inflorescence in spikelets. Wheat is pollinated by wind and produces about 2 to 

3 grains per flower and there are 20 to 100 flowers per spikelet (The Editors of 

Encyclopaedia Britannica, 2021). Figure 1.2. shows a botanical drawing of the 

characteristic features of common wheat.  

The two major types of common wheat are spring wheat and winter wheat, 

where winter wheat has the main benefit that it can grow in winter (The Editors 

of Encyclopaedia Britannica, 2021). Additionally, winter wheat can be used for 

both cereal production and as a cover crop that promotes the nutritional value 

of the soil (Town and Country Supply Association, 2019). 

Winter wheat is usually seeded from September to February on primarily clay 

soils. The soil must be slightly moist (16%) and well aerated. The pH of the soil on which 

winter wheat is grown varies between 5 and 8. The plant grows best at temperatures of 15° 

to 20°C, with a vernalisation period up to 2 months between 0° and 2°C. This vernalisation 

period is necessary for the plant to enter its generative phase and is initiated shortly after 

germination. In addition, the crop has a water requirement of 50,000 litres per ha. 

Furthermore, winter wheat only needs to be fertilised with nitrogen (N), as the other nutrients 

are already available in clay soils. The recommended nitrogen fertilisation rates from 150 to 

200 kg N/ha, with the amount and number of applications adapted to the development stages 

of the plant. (Darwinkel, 1997) 

 

Figure 1.2: Fruit of common 
wheat (T. aestivum) 
(Masclef, 1891) 
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1.4 Research 

The organisation SPNA agroresearch (Stichting 

Proefboerderijen Noordelijke Akkerbouw) is 

currently investigating the main effects of 

salinisation on various crops in collaboration 

with the SalFar project of the European Union 

(EU), which aims to examine the impact of 

salinisation on both plants and soils at different 

levels on a more realistic scale in ordinary 

cultivation systems (Interreg North Sea Region 

SalFar, n.d; C. Rietema, personal 

communication, 2021). SPNA agroresearch is 

an organisation that performs practical research 

into various problems within plant cultivation. It 

is a non-profit organisation with two 

experimental farms, location Ebelsheerd in 

Nieuw-Beerta (Groningen, the Netherlands) and 

location Kollumerwaard in Munnekezijl 

(Friesland, the Netherlands). The organisation 

works on the basis of project applications, but 

also takes the initiative to carry out research 

projects itself (SPNA agroresearch, n.d.). In the current project SPNA wants to investigate 

the effects of salinisation of agricultural soils on the most commonly grown Dutch field crops, 

such as potatoes, onions and wheat. 2021 is the first year of a more than four-year long 

study and SPNA has already prepared two ha of land for the above-mentioned project. On 

each ha of land, four parcels are created on which the above-mentioned crops are grown: 

potato (Solanum tuberosum), spring wheat (Triticum aestivum), onion (Allium cepa) and 

winter wheat (Triticum aestivum). All crops grow both on salinated and unsalinated, and on 

ploughed and unploughed clay soils (see figure 1.3). Because of the different seeding times 

of the crops, only the winter wheat cultivar ‘Extase’ was sown yet on the start of this research 

(February 2021) (C. Rietema, personal communication, 2021). 

Salinisation is clearly causing major problems in plant cultivation and breeding. In this 

research, two possible directions aimed at reducing the negative effects of salinisation will be 

pursued. Ploughing could be a method to limit the effects of salinisation, through increasing 

the organic matter in the soil which contributes to an increase in soil moisture (Bot & Benites, 

2005). Ploughing may disperse the salt concentration in the soil more evenly, and therefore 

will most likely benefit the growth of plants on this soil, when compared to plants that grow on 

unploughed saline soils, as the salt concentration is now diluted. However, it is still unknown 

whether and to what extent ploughing affects the growth of plants on saline soils and proof 

has been found that ploughing could disrupt soil structure, and that no-tillage cultivation 

systems decreases soil salinity (Wang et al., 2014). Research into how ploughing would 

affect the growth of plants on saline soils would therefore be of great value for growers. 

Second, breeding salt tolerant plant cultivars is complicated due to the polygenetic nature of 

salt tolerance in most crops, and the difficulty of effectively selecting among tolerant and 

susceptible plants (Shannon, 1985). Various studies have addressed salinisation at the soil, 

plant physiological and plant genetic level, but practical research into differences in the 

phenotypical development of plants on saline soils versus plants on favourable soils is 

lacking, but crucial for future breeding of salt tolerant varieties. Therefore, both topics will be 

analysed in this research that is conducted on Triticum aestivum 'Extase' at the trial field of 

SPNA. 

Figure 1.3: Overview of the research area, top side is salinized soil, 
and the bottom side is regular soil (via Google My Maps) 
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As mentioned above, this research investigates growth differences of winter wheat on a 

regular soil versus a salinated soil, and on a ploughed versus a non-ploughed soil. To keep 

the size of the study manageable, it was decided to focus only on the vegetative growth 

differences. The main research question is therefore: “How do ploughing and salinisation 

affect the vegetative growth of winter wheat (Triticum aestivum 'Extase')?” 

The aim of this research is to be able to determine, by answering the main question, how 

vegetative growth variables change in winter wheat when it is grown in a saline environment 

and what influence ploughing has on this. By answering this question, advice can be given to 

breeders and growers. For example, breeders of winter wheat can be advised which 

vegetative growth properties are important for breeding salt-tolerant varieties and growers 

can be advised whether ploughing contributes positively or negatively to salt stress in winter 

wheat due to salinisation. In order to answer this research question, a number of sub-

questions have been formulated as well. These sub-questions are displayed below, in an 

order that follows logically from a statistical perspective. 

- How do salinisation and ploughing interactively affect the vegetative growth of winter 

wheat? 

- How does ploughing affect the vegetative growth of winter wheat? 

- How does salinisation affect the vegetative growth of winter wheat? 

Salinisation is expected to have a major impact on the vegetative growth of winter wheat, as 

literature has shown that Na+ and Cl- in high concentrations are toxic to plants, and two thirds 

of all wheat grown worldwide is negatively affected by salinisation (Isayenkov, 2012). To 

what extent the 'Extase' wheat variety is susceptible to salt stress and which typical 

symptoms can be observed in this variety, was not found in literature. Ploughing could 

possibly ensure that the plants develop more quickly, as it increases the fertility of the soil by 

adding more organic matter in deeper soil layers (The Editors of Encyclopaedia Britannica, 

2020). This indirectly restores soil moisture and could help to reduce dehydration (Bot & 

Benites, 2005). Ploughing might also negatively affect the vegetative growth of winter wheat, 

as ploughing can disrupt soil structure and decrease moisture stability (Wang et al., 2014). 

There is not much information that can be found in literature when looking at the effects of 

ploughing on salinisation. The possible effect of ploughing on salinisation and how this 

relates to plant growth will therefore have to be revealed in this study.  

The following chapters will describe the conducted research. Chapter 2 explains how and 

where this research took place and which method was used to answer the research 

questions. Chapter 3 presents the results of this research, after which chapter 4 analyses 

and evaluates these results. Finally, in chapter 5, an answer is given to the research 

questions and advice is given for both growers and breeders. 
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2.  Materials and methods 
The second chapter will explain where, when and how this research took place. It will also 

explain which statistical tests were used to analyse the found data and which measurements 

took place to provide an answer to the research questions. 

2.1 Location and period 

In the period from 8 February 2021 to 6 June 2021, a study was conducted regarding the 

vegetative growth differences in winter wheat on regular soil and on saline soil at location 

Kollumerwaard, Hoge Zuidwal 1 in Munnekezijl (see figure 1.3). Standard measurements 

were taken weekly on Thursdays and there were 13 measurements in total. However, a total 

of three destructive measurements have been conducted as well. Paragraph 2.3 further 

explains exactly which variables were measured. The following sub-paragraphs will now first 

describe how the field was prepared for carrying out this research and what the climatic 

conditions were. 

2.1.1 Trial field 

The trial field (2 ha) is shown in figure 

2.1. This trial field was divided into two 

spaces; half of the trial field was 

ploughed, and the other half was not. 

This created two separate experimental 

fields (of 1 ha each) which were divided 

into four parcels. A different crop was 

grown in each parcel (potato, onion, 

spring wheat or winter wheat). Also, half 

of each parcel was irrigated with saline 

seepage water and the other half with 

fresh surface water, using Subsurface 

Drip Irrigation. The saline seepage water 

was pumped from a natural source near 

the trial field, and the fresh surface water 

came from a reservoir which was filled 

with both rain and tap water (C. Rietema, 

personal communication 2021). The EC 

value of the saline seepage water was 

15,3 mS/cm and the EC value of the 

fresh surface water was 0,5 mS/cm 

(Eurofins, personal communication, 

2021). The water characteristics of each 

source is displayed in table 2 of Appendix I.  

In the parcel of winter wheat on both experimental grounds (110 m x 25,6 m on unploughed 

soil and 110 m x 22,4 m on ploughed soil) a block test was carried out, with four blocks in the 

saline part and four blocks in the regular part of the ground (see figure 2.1). The size of the 

blocks is about 2 metres by 2 metres, where approximately 1642 seeds have been sown. In 

these blocks, three plants were selected, and their growth was monitored weekly (see 

section 2.2). The saline soil was irrigated from November 2020 with water with the above-

mentioned EC value of 15,3 mS/cm. The regular soil was irrigated for the first time in April 

2021, since this soil was still sufficiently saturated with fresh water which was already 

present in the soil as a buffer. Underground drip irrigation (40 - 50 cm deep on ploughed soil 

and 30 - 40 cm deep on unploughed soil) has been applied for this. Hereby, an average of 

Figure 2.1: Block design salinisation field trial, top is salinized soil and 
bottom is regular soil (via Google My Maps) 
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380 litres of water is irrigated on both grounds every three hours for 5 minutes (G. Koops, 

personal communication 2021). The trial field is situated on a light clay/silt soil with all 

essential micro- and macronutrients (Eurofins, personal communication, 2020). The soil 

characteristics are displayed in table 1 of Appendix I.  

The same sowing technique has been used on both fields. On these fields 195 kg/ha winter 

wheat seed of the variety 'Extase' was sown with a thousand seed weight of 40 to 55 grams. 

Sowing was done on 26-11-2020 on the ploughed soil and on 27-11-2020 on the unploughed 

soil. This means that there was a difference of one day between the sowing times. All other 

factors, such as fertilisation and pest and weed control are again the same on both trial 

fields. Both chemical and mechanical techniques are used for this purpose. First of all, each 

trial field was spaded and of course, only one trial field was ploughed in order to clear the 

weeds. Both ploughing and spading were conducted once, only before the winter wheat was 

sown on it. After this, chemical control of weeds, diseases and pests was carried out. The 

following crop protection agents were used at the following concentrations: Capri Twin (0.200 

kg/ha), Pacifica Plus (0.300 kg/ha), Plant oil HF (1,000 l/ha), Trimaxx (0.250 l/ha), UPL CCC 

750 (0.750 l/ha), Elatus Era (1,000 l/ha), U 46 MCPA (2,500 l/ha). These crop protection 

products have all been used once between February and May. Fertilisation was also applied, 

using the fertilisers Sulfan (420 kg/ha) and calcium ammonium nitrate (220 kg/ha), and were 

also used once in February and April. (C. Rietema, personal communication, 2021) 

2.1.2 Climate and weather 

The average climate data of location Kollumerwaard in the months that this research took 

place are shown in table 2.2. Climate data of 2021 were used from the weather station 

located near the research location. 

Table 2.1: Average climate data in research location Kollumerwaard February - June (via Dacom Online) 

 February March April May 

Temperature 
(mean) 

1,7 °C 4,5 °C 5,1 °C  9,1 °C 

Total radiation 
(sum) 

3.446,7 J/cm² 6.361,4 J/cm²  22.506,3 J/cm² 48.034,5 J/cm² 

Rainfall  
(sum) 

30,8 mm 45,2 mm  34,4 mm 91,6 mm 

Wind velocity 
(mean) 

3,6 m/s 4,1 m/s 4,1 m/s 3,7 m/s 

Relative 
humidity 

47,5 - 87,8 % 32,2 - 97,8 % 35,2 - 97,8 % 56,1 – 97,8 % 

 

2.2 Selection of plants for measurements  

As mentioned in section 2.1, four blocks of 2 x 2 metres were created in both the regular soil 

and in the saline soil and this was applied in both wheat parcels. By using a block design, it 

is possible to compensate for gradients that are present above and below the ground, such 

as temperature differences, soil moisture and sunlight (Kirk, 2012). In each block, three 

plants were selected on which weekly above-ground measurements took place, for 13 weeks 

in total. When selecting these three plants, it was important that they all grew at 

approximately the same location in the block. For example, they were all positioned around 

the middle, taking border rows into account. Border rows are the plants that stand on the 

outside of the block and therefore often differ in growth due to the present gradients (Wang, 

Zhao, Wu, Gao, Yang, & Shen, 2017), which is why it was decided to only use the middle 

plants. In addition, when the plants were selected, a first measurement was taken to assess 

the condition of the plant at the beginning of the study. 
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Besides above-ground measurements, root measurements were also conducted in this 

study. For these measurements, the plants were taken at random from the block. This was 

done because below-ground measurements are destructive. Plants used for below-ground 

measurements were not taken from border rows. In addition, the plants had to be 

representative for the entire block by showing an average growth. Section 2.3 mentions 

exactly which measurements took place. 

2.3 Vegetative growth measurements 

A couple of measurements were needed in order to give an answer to the research 

questions. These measurements were conducted both above and below the surface and 

were needed to monitor the vegetative growth of winter wheat. Jana (1993) stated that salt 

tolerance refers to a plant that can germinate, is not inhibited in its development and can 

reproduce in a saline environment. As mentioned earlier, the generative phase has been left 

out of this research in order to keep it manageable. Therefore, this study focuses on 

measurements of germination and vegetative growth. Each measurement that took place is 

described below in more detail. 

2.3.1 Germination 

The germination success of a crop reflects the quality of the soil it grows on. As mentioned 

earlier, salinisation has negative effects on germination. This is caused by the fact that saline 

soils are often dehydrated, structureless and less fertile (Daliakopoulos et al., 2016). 

Ploughing also has various effects on germination. Besides the fact that ploughing increases 

soil fertility by adding organic matter to the soil which indirectly increases soil moisture (Bot & 

Benites, 2005), it can also have negative effects on germination success. For example, the 

compactness of the soil is decreased, which can make germination more difficult (The 

Editors of Encyclopaedia Britannica, 2020). Because of the above-mentioned facts, 

germination success is an important variable for determining the influence of salinisation and 

ploughing. 

To determine the success of germination, individual plants were counted by using a counting 

frame. A counting frame is a quarter-square-metre metal construction that can be placed on 

the land in question. This can be done once at the front of the land and once at the back, 

taking border rows into consideration. All plants that fall within this counting frame are then 

counted. After counting, the following formula was applied (C. Rietema, personal 

communication, 2021): 

𝐷𝑐 = (Nc1 + Nc2) × 2 

Dc  = Crop density per m2 

Nc1  = Number of plants in counting plot 1 

Nc2  = Number of plants in counting plot 2 

The germination success could then be determined, as the sowing data was known. This 

could be done by applying the following formula (C. Rietema, personal communication, 

2021): 

𝑂 =  
Dc

Ds
 × 100 

O  = Percentage developed/germinated seeds 

Ds = Number of sown seeds per m2 

2.3.2 Plant length 

Plant length is one of the most obvious growth factors when it comes to vegetative growth. It 

shows how fast a plant grows, and is negatively affected under saline conditions (Jana, 

1993). Every week, the same three research plants were measured for determining plant 
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length in centimetres. A ruler was held next to the plant at ground level to the tip of the 

highest leaf (apex) of the plant, to be able to read how high the plant grew in centimetres.  

2.3.3 Leaf area 

Leaf area is an important factor when it comes to vegetative growth. The leaf is where most 

of the photosynthesis in a plant takes place, and the size of the leaf can reflect the 

photosynthetic production of a plant. Since salinisation drastically limits plant growth (Jana, 

1993), the effect of salinisation should therefore be noticeable in the growth of leaf area of 

plants growing on saline soils.  

The total leaf area in square centimetres (cm2) per plant was estimated using a dot chart. A 

dot chart is a transparent A4 sheet with a dot on every centimetre, four dots together is about 

1 cm2. By placing this transparent A4 on the leaf, the cm2 of each leaf could be estimated by 

counting the dots. After knowing how many cm2 each leaf was, it was possible to determine 

the total leaf area per plant. This method was performed on all leaves of the three research 

plants per block. By repeating this every week, the average vegetative growth in leaf area 

could be registered. 

2.3.4 Damage 

In order to be able to determine whether the plants are damaged by the type of treatment 

(ploughing and/or salinisation), it was decided to quantify the damage present on the plant 

every week. For this purpose, a scale of 1 to 10 has been used, where 1 stands for no 

damage present (0%) and 10 stands for severely damaged (>75%). The scale that was used 

for these assessments is shown in Appendix II. The three research plants per block have 

been assessed weekly using this method. Since salt damage can be very similar to other 

types of damage, it was decided not to make any distinction between them; all damage was 

assessed when the plants were evaluated. 

2.3.5 Condition 

The condition of the plant is a subjective assessment, in which the plant is judged on the 

overall impression it shows when it comes to growth. The size of the plant, the presence of 

damage and whether the plant is upright or hanging down are all examined. (C. Rietema, 

personal communication, 2021). Both the individual research plants and the entire block 

were tested weekly for their state. A grading of 1 to 10 was applied, where 1 indicates a poor 

condition and 10 indicates a perfect condition. The scales of these scores are shown in 

Appendix II. 

2.3.6 Root architecture 

The way in which the plant root grows can help to understand how a plant deals with stress 

situations. For instance, the plant may choose to put more energy into apical root growth, 

which often happens when there is no saline gradient present in the ground. Alternatively, 

the plant may choose to put more energy into lateral root growth, which happens when there 

actually is a saline gradient present (Julkowska et al., 2014). Halotropism is also a 

phenomenon often observed in plants undergoing salt stress, whereby the root moves away 

from the saline environment (Galvan-Ampudia et al., 2013). 

Root growth thus is an important factor when it comes to growing in a saline environment. A 

disadvantage of root measurements is that they are destructive; the plant is often damaged 

in the process and will often not survive the measurement. For this reason, it was decided to 

measure the roots only three times, in the beginning, middle and end of this research. The 

lateral root growth (from the longest root on the left to the longest root on the right) and the 

longest apical root were thereby measured in centimetres. In order to do this, one random 

plant per block was used, which had to be representative for the entire block. 



Page | 17  
 

2.4 Data analysis 

In order to answer the research questions, the effects of salinisation, ploughing and the 

possible interaction of ploughing and salinisation must be evaluated. To achieve this, it was 

decided to apply two types of statistical tests. The 'Mixed Model ANOVA' test was used for all 

vegetative growth variables (plant length, leaf area, damage, condition, and apical/lateral root 

length). This was chosen because it fits with the obtained data, since this involves weekly 

measurements. Furthermore, the Chi-square test for independence was used for determining 

the possible association between the different treatments on germination. This test was used 

for germination, because the result of this variable is based on only one measurement. Both 

methods will be discussed briefly below. 

Mixed model ANOVA: 

An ANOVA test compares mean values of two or more groups and determines whether 

statistically detectable differences exist between the groups (Statistics Solutions, n.d.). The 

ANOVA test can be applied in various ways, including the 'Mixed model ANOVA', which 

takes the variables that are based on multiple observations into account. It also considers 

within-subjects, which means that this test assumes that different conditions are applied to 

the different groups. This test can be used to find the possible relationship between the 

dependent (the plant) and the independent (the treatment) variable, and also distinguishes 

fixed effects (ploughing yes or no × salinated yes or no) and random effects (block + time in 

weeks) (Laerd Statistics, n.d.). The test can be carried out in various programs, including 

SPSS. This program determines the chance of finding the observed variables when the null 

hypothesis is correct, with a significance value (p-value). For the successful demonstration of 

a significant relationship, the p should be lower than the alpha (Statistics Solutions, n.d.). For 

this study, the standard alpha value of 0,05 is used with the null hypothesis that there are no 

detectable differences between the treatments and therefore no significant relationship 

between the dependent and independent variable exists. 

Chi-square test for independence 

The Chi-square test for independence is a statistical test that can be used to determine a 

possible relationship between two (independent) groups. The test can be performed in 

programs such as MS Excel. It compares observed data with expected data. The expected 

data must first be calculated by applying the following formula (Frost, n.d.):  

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑎𝑡𝑎 =  
(𝑅𝑜𝑤 𝑡𝑜𝑡𝑎𝑙 × 𝐶𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒
 

When the expected data is calculated, the Chi-square test can be performed by using the 

next formula (Frost, n.d.): 

𝑋2  =  ∑
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑
 

When the above-mentioned formula is applied, the result of this comparison must be verified 

with the critical Chi-square value. If this outcome surpasses the critical Chi-square value at 

an alpha of 0,05, it can be described as a significant effect. This means that the null 

hypothesis can be rejected (Frost, n.d.). The null hypothesis formulated in this study is that 

no association between germination and the different treatments exists. 

After performing the above-mentioned statistical tests, graphs were produced showing the 

average weekly development of the variables per treatment. By comparing the results of the 

statistical tests with these graphs, it was possible to determine the potential (interactive) 

effects of the treatments.   
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3.  Results 
In order to answer the research questions, all observed data had to be analysed using 

statistics. The Chi-square test for independence was used for determining association 

between the treatment groups and germination, and a Mixed Model ANOVA test was 

conducted for determining any possible (interactive) effects of the treatments per growth 

variable. All analyses per variable can be found below in order of the research questions. By 

doing so, first will be determined whether there is an interactive effect between the 

treatments, when this is not the case, each treatment is individually analysed. 

(Non)Significant data is displayed as follows: p= <0,05 = *, p= <0,01 = **, p= >0,05 = n.s. (not 

significant). Finally, a graph is produced to explain the possible (interacting) effects. The 

complete dataset can be found in Appendix III, and the full output of the statistic tests from 

SPSS can be found in Appendix IV. 

3.1 Germination 

The Chi-square test for independence was used for determining possible associations 

between the treatments on germination. Crop density per square meter was used for the Chi-

square test for independence, that was conducted using MS Excel. Figure 3.1 shows a p-

value of 2,37273E-07 (df = 1, p = 0,000**). The impact size of unploughed/unsalinated soil 

was the highest (1,51), and the lowest impact size was found in ploughed/unsalinated soil 

(0,60). Figure 3.2 displays germination success per treatment. Most plants germinated on 

unploughed soil, where unploughed/unsalinated scored the highest germination success with 

61,0%. The lowest germination was visible on ploughed/unsalinated soil, with a germination 

success of 24,4%. 

 

Figure 3.1: Chi-square output results MS Excel 

 

Figure 3.2: Germination success per treatment 
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3.2 Plant length 

Figure 3.3 shows the output of the Mixed model ANOVA test by SPSS. This test showed a 

significant value for the interactive effect of both treatments (df = 1, p = 0,003**) and for 

salinisation (df = 1, p = 0,009**). Ploughing did not show any significance (df = 1, p = 0,782 

n.s.). The weekly growth in plant length per treatment is displayed in figure 3.4. Since an 

interactive effect is found, it was decided to show all treatment groups in one graph. This 

graph shows the highest growth in unploughed/salinated soil, and the lowest growth can be 

seen in unploughed/unsalinated soil.  

 

Figure 3.3: SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on plant length 

 

Figure 3.4: The vegetative growth in plant length of the research plants per treatment 
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3.3 Leaf Area 

Leaf area was the only variable that was not normally distributed, and therefore had to be 

transformed into logarithmic data in order to fulfil the requirement for the data to be normally 

distributed. No significant value came out of the Mixed Model ANOVA test by SPSS, for both 

the interaction of the treatments (df = 1, p= 0,225 n.s.), as the treatments individually (df = 1, 

p = 0,613 n.s for ploughing, and df = 1, p = 0,406 n.s. for salinisation). This can be seen in 

figure 3.5, displaying the SPSS output. As no effects were found by the statistical test, it was 

decided to make a graph showing each type of treatment separately in figure 3.6. This graph 

showed an exponential growth in all treatments with minor differences. Unploughed/salinated 

soil showed the highest growth in weeks 8 to 18 but was then surpassed by both 

ploughed/unsalinated and ploughed/salinated soil types. The unploughed/unsalinated 

treatment showed the lowest growth in leaf area. 

 

Figure 3.5: SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on leaf area 

 

Figure 3.6: The vegetative growth in leaf area of the research plants per treatment 
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3.4 Damage 

A significant value of df = 1, p = 0,001** came out of the Mixed Model ANOVA test, when 

looking at the interaction between salinisation and ploughing on plant damage. Both 

ploughing (df = 1, p= 0,000**) and salinisation (df = 1, p = 0,026*) scored a significant value 

as well (see figure 3.7). The amount of damage has been scored by using the classification 

system, described in Appendix II. Since an interactive effect has been found, all treatment 

groups were separated in one graph. The means of weekly damage on the twelve research 

plants per treatment is therefore visualised in figure 3.8. The overall least amount of damage 

can be seen on unploughed/salinated soil on weeks 9 to 16, and most of the damage was 

visible in week 11 to 20 on unsalinated/unploughed soil. The ploughed treatments stayed 

most of the time in between the other two treatments. 

 

Figure 3.7: SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on plant damage 

 

Figure 3.8: The amount of damage on vegetative plant parts of the research plants per treatment  
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3.5 Condition 

The Mixed Model ANOVA test showed again a significant value for the interaction between 

the treatments on the measured variable (df = 1, p = 0,000**). Ploughing did not show a 

significant effect (df = 1, p = 0,109 n.s.), but salinisation did (df = 1, p = 0,000**) (see figure 

3.9). A classification system was again used for determining individual plant condition and 

the general expression of each plant (see Appendix II). Since an interaction between the 

treatment groups is found, it was decided to show all treatment groups separately in one 

graph. Means of the condition score had been calculated per treatment and is displayed in 

figure 3.10. The condition was quite consistent in all treatment groups, and only minor 

differences between the treatment groups can be seen. The highest condition was scored, 

most of the times, in unploughed/salinated soil, and the lowest condition was scored mostly 

in unploughed/unsalinated soil. The ploughed treatments stayed again most of the time in 

between the other two treatments. 

 

Figure 3.9: SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on plant 

condition 

 

Figure 3.10: The weekly plant condition of the research plants per treatment 
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3.6 Root architecture 

When looking at the outcome of the Mixed Model ANOVA tests, no significant value is found 

for both the interaction between the treatments as the treatments themselves on affecting 

apical or lateral root length (see figure 3.11 for apical root length and 3.12 for lateral root 

length). Apical root length scored df = 1, p = 0,892 n.s. on interactive effects, df = 1, p = 

0,792 n.s on ploughing, and df = 1, p = 0,961 n.s on salinisation. Lateral root length scored df 

= 1, p = 0,407 n.s. for the interactive effect of ploughing and salinisation, df = 1, p = 0,128 

n.s. for ploughing, and df = 1, p = 0,598 n.s. for salinisation. Since no effects emerged from 

the statistical test, it was decided to present each treatment separately in a graph. The length 

of both apical and lateral roots was measured three times during this study. Means of the 

twelve research plants per treatment have been calculated to show the root growth in weeks. 

The results are visualised in figure 3.13 and 3.14, where 3.13 shows the results of the apical 

root length measurements, and 3.14 shows the results of lateral root length measurements. 

There are only subtle differences between the treatment groups visible, when looking at the 

apical root growth, and these subtle differences are not consistent either. Lateral root growth 

does differ much between the treatment groups, but these differences are also inconsistent. 

 

Figure 3.11: SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on apical root 
length 

 

Figure 3.12:SPSS output: Mixed Model ANOVA for determining (interactive) effects of treatments on lateral root 

length 
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Figure 3.13: The vegetative growth in apical root length of the research plants per treatment 

 

Figure 3.14: The vegetative growth in lateral root length of the research plants per treatment 
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4.  Discussion 
In section 4, the obtained results will be explained and interpreted. In addition, the used 

methodology will be critically examined, and points of improvement will be given for a 

possible repeat or follow-up study. The interpretation of the obtained results can be used by 

breeders of salt-tolerant wheat varieties for choosing phenotypic selection criteria and 

provide information to wheat growers growing on saline soils. 

4.1 interpretation of the obtained results 

In the analysis conducted in SPSS and MS Excel, only four growth variables showed an 

interactive effect of the treatments, and all other variables showed no individual or interactive 

treatment effects. The interpretation of these results will be discussed below per variable in 

order of the research questions.  

4.1.1 Germination 

The Chi-square test for independence shows a significant value of df = 1, p = 0,000** (see 

figure 3.1). Since the p-value is lower than the standard alpha value of 0,05, the null 

hypothesis can be rejected. This means that there is an association between the treatments 

on the level of germination. When looking at figure 3.2 it became clear that most plants 

germinated on unploughed/unsalinated soil, and the least number of plants germinated on 

ploughed/unsalinated soil. Both ploughed/salinated and unploughed/salinated showed 

comparable amounts of germination with only a difference of 2,9% (12 plants). This outcome 

provides insight on the influence of ploughing and salinisation on germination success. 

First, ploughing seems to interact with salinisation when looking at germination success, 

because neither salinisation nor ploughing show consistent differences in the rate of 

germination when this was applied to the soil in question. This means that both treatments 

influence the level of germination. Ploughing seems to drastically decrease the germination 

of winter wheat growing on unsalinated soil types. When ploughing was applied, a decrease 

of 36,6% in germination success was visualised. This can be logically explained by the fact 

that ploughing disrupts soil structure (Wang et al., 2014). By disrupting soil structure, plants 

such as winter wheat may find it harder to germinate, since seeds need direct contact with 

(moist) soil in order to germinate properly (Campbell et al., 2018). When the soil was 

salinated, ploughing only seems to have minor effects on germination, since only a decrease 

of 2,9% was visible. This means that ploughing majorly affects the level of germination when 

no salinisation is present in the ground. The effect of salinisation on germination did not show 

a clear decrease or increase when it was applied. On unploughed soil, salinisation shows a 

decrease in germination of 21,5%. However, on ploughed soil the presence of salinisation 

shows an increase of 12,2% on the level of germination. This means that the effect of 

salinisation on germination depends on whether or not ploughing is applied. Why salinisation 

shows an increase on germination on ploughed grounds can not be explained in literature. 

This is likely caused by other environmental factors that differed in the trail field. 
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4.1.2 Plant length 

The Mixed model ANOVA test shows a significant value of df = 1, p = 0,003** for the 

interactive effect of both treatments on plant length (see figure 3.3). The p-value is therefore 

lower that the standard alpha value of 0,05, meaning that the null hypothesis can be rejected. 

This means that there is an interactive effect of ploughing and salinisation that influences the 

plant length. Therefore, the treatments cannot be analysed separately because both 

treatments will always interact with each other. The graph in figure 3.4 showed minor 

differences between the treatment groups, and only two-to-five-centimetre differences can be 

seen. However, the graph clearly shows the highest growth, most of the times, in 

unploughed/salinated soil and the lowest in unploughed/unsalinated soil. The other two 

treatments (ploughed/salinated and ploughed/unsalinated) showed a quite similar growth and 

stayed in between the growth of the other two treatments. This means two things: 

- The effect of ploughing does not simply mean that plants will grow bigger or smaller, 

because the difference with the unploughed treatments depended on whether or not 

those treatments were salinated. The ploughed treatments were smaller than the 

unploughed/salinated treatment but were bigger than the unploughed/unsalinated 

treatment. Therefore, the combination of ploughing and whether or not salinisation is 

applied will influence the growth in plant length. 

- The effect of salinisation does not simply mean that the plants will grow bigger or 

smaller, since the difference in growth depended on whether or not ploughing was 

applied in the treatments. In most cases, the biggest plant length was visible in the 

treatment unploughed/salinated. However, the ploughed/salinated treatment showed 

most of the times the same growth as the ploughed/unsalinated treatment did. 

Therefore, the combination of salinisation and whether or not ploughing is applied will 

influence the growth in plant length. 

In the introduction, a number of expectations were mentioned regarding this research. 

Ploughing was expected to possibly enhance the plant’s development, as it increases the 

fertility of the soil by adding more organic matter in deeper soil layers (The Editors of 

Encyclopaedia Britannica, 2020). Increasing soil fertility would indirectly restore soil moisture 

and could therefore help to reduce the dehydration effect of salinisation (Bot & Benites, 

2005). Besides this, Wang et al. (2014) found that ploughing disrupts soil structure and 

moisture stability, and that no-tillage cultivation systems actually decrease the salinity 

concentration in the soil. This made it unclear whether or not ploughing would have positive 

or negative effects on plants growing on salinized soil. When looking at the outcome of this 

research, it became clear that when no salinisation was applied ploughing would benefit the 

plant’s length. This is in line with the mentioned expectations as ploughing was expected to 

enhance the plant’s development. However, when salinisation was applied on unploughed 

soil, salinisation tends to have major impact on the plant’s growth, as plants would show a 

higher growth in unploughed/salinated than in unploughed/unsalinated soil types. When 

salinisation was applied in ploughed soils, only minor differences can be seen, as 

ploughed/salinated and ploughed/unsalinated showed similar growth. This means that when 

winter wheat grows in saline conditions, ploughing could decrease the effects of salinisation 

on plant length. This is in line with the expectation that ploughing may dilute the salt 

concentration in the soil, by dispersing the salts more evenly when this method was applied. 

However, this has not been proved by literature and another logical explanation has not been 

found. 

 

 



Page | 27  
 

Another expectation was that salinisation was expected to have major influence on the 

vegetative growth of winter wheat and literature showed that plants who suffer from 

salinisation show a decreased growth (Isayenkov, 2012). Since no differences in plant length 

were visible on ploughed/salinated and ploughed/unsalinated soil types, and since the 

highest growth was visible in unploughed/salinated soil, it can be mentioned that this 

expectation did not came out of this research. There was no sign of a decreased growth in 

the salinated treatments, and in one of the treatments (unploughed/salinated) a higher 

growth was visible. However, higher plant growth of plants growing on salinated soils does 

not mean that the plants do not suffer from salt stress. As a reaction on salt stress, plants 

could release a group of hormones called strigolactones which regulates abiotic stresses like 

salinisation by changing the vegetative growth (Saeed, Naseem, & Ali, 2017). Ling et al. 

(2020) found that rice seedlings that were subjected to salinisation in combination with 

synthetic strigolactone GR24 had indeed a higher tolerance against salt stress and showed 

an increased plant length. This could mean that the increase of plant length might be a 

reaction of the plant to cope with salt stress conditions.  

4.1.3 Leaf area 

No significant value came out of the Mixed Model ANOVA test when looking at the effect of 

the treatments on leaf area. Neither the interaction between the treatments (df = 1, p= 0,225 

n.s.) as the individual effect of ploughing (df = 1, p = 0,613 n.s), and salinisation (df = 1, p = 

0,406 n.s.) showed a significant effect (see figure 3.5). Therefore the null hypothesis cannot 

be rejected, meaning that there is no (interactive) treatment effect on the growth in leaf area 

of winter wheat. Even though figure 3.6 shows quite some similarities with plant length (see 

figure 3.5). The highest leaf area was, most of the times, found on unploughed/salinated soil 

and the lowest leaf area was found in unploughed/unsalinated soil. The ploughed treatments 

stayed in between the other two treatments for weeks 8 to 18 and surpassed the 

unploughed/salinated treatment on week 18. All treatment groups showed quite the same 

exponential growth in leaf area and only minor differences are visible. Since no effect is 

proven by statistics, it became sure that ploughing and salinisation do not, interactively or 

individually, affect the growth in leaf area of winter wheat. This means that differences visible 

in figure 3.6 are based on other environmental factors, present on the different trial fields of 

this research.  

Ploughing was expected to benefit the vegetative growth as it increases the fertility of the soil 

(The Editors of Encyclopaedia Britannica, 2020). Figure 3.6 does show the highest amount of 

leaf area on ploughed soils in week 18 to 20, which could mean that this expectation is 

correct. Then again, unploughed/salinated soil showed the highest growth in leaf area in 

weeks 8 to 18, which in turn contradicts this expectation. Since this could not be proven by 

statistics, it remains unsure if ploughing has this beneficial effect on winter wheat.  

Salinisation was expected to decrease the vegetative growth of winter wheat (Isayenkov, 

2012). The salinated treatments showed a slightly decreased growth on ploughed soils, but a 

major increase on unploughed soils in growth of leaf area. This could mean that plants 

growing on saline soils develop quicker in leaf area and contradicts with the abovementioned 

expectation. The reason for developing larger leaves on salinated soils could be the same 

reason as why plant length was larger in salinated treatments. As mentioned before, plants 

can react differently on salt stress and could release a group of hormones called 

strigolactones, which helps the plant to cope with salt stress. This hormone also tends to 

make the plant and its leaves bigger (Saeed, Naseem, & Ali, 2017). Of course, since no 

significant value came out of the Mixed Model ANOVA test, it remains unsure if this effect is 

caused by salinisation. 
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4.1.4 Damage 

A significant value of df = 1, p = 0,001** came out of the Mixed Model ANOVA test when 

looking at the interactive effect of salinisation and ploughing on present damage (see figure 

3.7). Since this p-value is lower than the standard alpha value of 0,05, the null hypothesis 

can be rejected. This means that both ploughing and salinisation interactively affects the 

present damage seen on winter wheat. Because an interactive effect was found, the 

treatments could not be analysed individually, since the treatments will always interact with 

each other. Figure 3.8 shows the weekly amount of damage present on winter wheat. This 

damage differs only slightly between the treatment groups and is not consistent. Most of the 

times, the highest amount of damage can be seen on unploughed/unsalinated soil and the 

lowest amount on unploughed/salinated soil. The other two treatments stayed in between 

unploughed/salinated and unploughed/unsalinated treatments for weeks 11 to 16 and show 

the least amount of damage from weeks 16 to 19. This means the following things: 

- The effect of ploughing does not simply mean that plants will show more or less 

damage, because the difference with the unploughed treatments depended on 

whether or not those treatments were salinated. When ploughing is conducted on 

unsalinated soil, it decreases the present amount of damage, since 

ploughed/unsalinated scored a lesser degree of damage than 

unploughed/unsalinated did. Ploughing on salinated soil seems to decrease the 

effects of salinisation, as ploughed/salinated showed a similar amount of damage as 

ploughed/unsalinated, and when no ploughing was conducted big differences were 

visible between the salinated treatments. Therefore, the combination of ploughing 

and whether or not salinisation is applied will influence the present amount of damage 

on winter wheat. 

- The effect of salinisation does not simply mean that the plants will show more or less 

damage, since the difference in damage depended on whether or not ploughing was 

applied in the treatments. In most cases, unploughed/salinated scored a lesser 

degree of damage than unploughed/unsalinated did. However, on ploughed soil the 

ploughed/salinated treatment showed most of the times somewhat the same amount 

of damage as the ploughed/unsalinated treatment. Therefore, the combination of 

salinisation and whether or not ploughing is applied will influence the present amount 

of damage. 

In the introduction it remained unsure whether ploughing would have positive or negative 

effects on damage caused by salinisation. When looking at the outcome of this study, 

ploughing on saline soils seems to decrease the effect of salinisation on plant damage. No 

explanation about this phenomenon have been found in literature, as the interactive effects 

of ploughing and salinisation have not been described before. A logical explanation could be 

that ploughing mixed the salt concentration in the soil, causing the seedlings to root in a 

saline condition, which could have caused the earlier and a higher degree of damage in the 

beginning of the experiment, visible in ploughed soil. It also explains the sudden increase of 

damage present in unploughed/salinated soil in week 16. This could have been the week that 

the roots of these plants were able to extract water from the saline part of the ground 

because this sudden increase is not visible in the ploughed treatments. Salinisation was 

expected to increase damage as extreme concentrations of Na+ and Cl- are toxic to plants 

(Tester & Davenport, 2003). This did not emerge clearly from this study, as the non-salinated 

treatments showed a higher degree of damage than the salinated treatments did. The reason 

for this is probably the same reason as why plants were higher in salinated soil types. As a 

rection to salt stress, plants can release a group of hormones called strigolactones, which 

helps the plant to cope with the saline conditions (Saeed, Naseem, & Ali, 2017). As these 

plants were more capable of coping with salt stress, they presumably showed less damage. 
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4.1.5 Condition 

The Mixed Model ANOVA test shows again a significant value for the interaction between the 

treatments on the measured variable (df = 1, p = 0,000**) (see figure 3.9). This means that 

the null hypothesis can be rejected and that salinisation and ploughing interactively affects 

plant condition. Figure 3.10 shows that, in general, no major differences are visible. 

Nevertheless, unploughed/salinated almost always scored the highest value for condition 

and unploughed/unsalinated almost always scored the lowest value. The other two 

treatments (ploughed/salinated and ploughed/unsalinated) scored similar values and mostly 

stayed between the lines of the other two treatments. This means that: 

- The effect of ploughing does not simply mean that plants will show a better or worse 

condition, because the difference with the unploughed treatments depended on 

whether or not those treatments were salinated. When ploughing is conducted on 

unsalinated soil, it increases the plant’s condition, since ploughed/unsalinated scored 

a higher value for condition than unploughed/unsalinated did. Ploughing on salinated 

soil seems to decrease the effects of salinisation, as ploughed/salinated showed a 

similar condition as ploughed/unsalinated, and when no ploughing was conducted big 

differences were visible between the salinated treatments. Therefore, the combination 

of ploughing and whether or not salinisation is applied will influence the plant’s 

condition. 

- The effect of salinisation does not simply mean that the plants will show a better or 

worse condition, since the difference in condition depended on whether or not 

ploughing was applied in the treatments. In most cases, unploughed/salinated scored 

a higher value for condition than unploughed/unsalinated did. However, on ploughed 

soil the ploughed/salinated treatment showed most of the times somewhat the same 

condition as the ploughed/unsalinated treatment. Therefore, the combination of 

salinisation and whether or not ploughing is applied will influence plant condition. 

Similar expectations were formulated in the introduction regarding condition when compared 

to damage. For example, it was not entirely clear whether ploughing would improve the 

condition of plants on a saline soil, and it was expected that salinisation would negatively 

affect the condition. The results show that ploughing on unsalinated soil increases the 

condition of plants. Ploughing also decreased the effect of salinisation, as only minor 

differences were visible in the salinated treatments on ploughed soil and major differences 

between the salinated treatments were visible in unploughed soil. This could be caused by 

the fact that ploughing uniforms the soil by mixing it, allowing the plants to grow more uniform 

as well. In addition, salinisation seems to have had a positive effect on the condition, as the 

salinated treatments often received the highest condition scores. Most likely this is caused by 

the fact that the plants on the saline soils also had a higher plant length and showed less 

damage (see paragraph 4.1.2 and 4.1.4), which is why they often received better scores. 

Paragraph 4.1.2 clearly mentioned that plants suffering from salt stress could release a 

group of hormones called strigolactones. These hormones tend to make the plant bigger as 

well and helps the plant to cope with salinisation, which in turn will make the plant show less 

damage (Saeed, Naseem, & Ali, 2017).  

4.1.6 Root architecture  

No significant treatment effects were found in the measurements of apical and lateral root 

length. Apical root length scored df = 1, p = 0,892 n.s. on interactive effects, df = 1, p = 0,792 

n.s on ploughing, and df = 1, p = 0,961 n.s on salinisation (see figure 3.11). Lateral root 

length scored df = 1, p = 0,407 n.s. for the interactive effect of ploughing and salinisation, df 

= 1, p = 0,128 n.s. for ploughing, and df = 1, p = 0,598 n.s. for salinisation (see figure 3.12). 

All of these p-values surpassed the alpha of 0,05, which means the null hypothesis for both 
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apical and lateral root length cannot be rejected. This means that no individual or interactive 

treatment effects cause differences in apical or lateral root length of winter wheat. Not much 

can be said from the graphs analysed for these variables. The apical roots grew very 

uniformly in all treatment groups and any differences were not consistent (see Figure 3.13). 

The lateral roots did show noticeable differences between treatments, but again, these 

differences were also inconsistent (see figure 3.14). Therefore, this study showed that 

neither salinisation nor ploughing nor the interaction between ploughing and salinisation 

affect the apical or lateral root growth of winter wheat. 

This does not strike with the expectations mentioned in the introduction. Ploughing was 

expected to make it easier for plants to root (The Editors of Encyclopaedia Britannica, 2020), 

and salinisation was expected to change the way the roots grew horizontally and/or vertically 

(Julkowska et al., 2014). The reason why this is not emerged from this study is probably 

related to the approached method. Since the plants had to be excavated from the soil, there 

was a chance that roots might break. Therefore, it cannot be completely guaranteed that the 

roots of the measured plants were in fact longer, shorter, wider or narrower. Paragraph 4.2 

will discuss this in more detail. 

4.2 Evaluation 

In general, it can be said that this experiment has been successful. Clear results have 

emerged that can be of real value to growers who grow on saline soils and to breeders of 

salt-tolerant winter wheat varieties. However, there are also a number of issues that could be 

considered in a possible next study or repeat study, regarding this subject. 

The first matter to be addressed, regarding this research, is the extent to which all 

environmental factors were equal on the trial fields. Of course, it cannot be guaranteed that 

all factors, except for the chosen treatments, were equal on each trial field. The randomised 

block design was used to compensate for this effect, but of course there will always be 

external factors that influence the experiment in question. Therefore, it would probably be 

better to carry out a trial like this in a closed greenhouse environment. Although a closed 

greenhouse environment is very different from the real cultivation situation, environmental 

factors are easier to control. 

In addition, the method for applying the treatments will be discussed. In order to make the 

soil saline, drip irrigation was chosen, with water being the medium by which the salts were 

added to the soil. Because of that, the plants that stood on a non-saline soil were offered less 

water, as they were only irrigated with fresh water when the water buffer in the soil was too 

low. The difference in water supply may have influenced the results of this research. 

Therefore, it is recommended to keep the methods of applying the treatments as similar as 

possible in a repeat or follow-up study. 

Finally, human activity is a crucial factor during a research like this. Observations such as 

determining the leaf area are not suitable for when the plant reaches a later stage of growth. 

Winter wheat will start to sprout at a certain point, and it has been found very difficult to 

measure all the individual leaves at that time. There is also the chance that leaves are 

counted twice or being bypassed. Furthermore, an observation such as condition is quite 

subjective and will be judged differently when determined by another individual. The root 

measurements were also susceptible for human intervention, as the method used to 

excavate the roots determines the length and width. It is better for measurements such as 

root measurements to use methods that do not damage the plant in question. Therefore, the 

advice is to choose the measurements carefully, perhaps per growing stage.  
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5.  Conclusion and advise 
In this last chapter, the research questions will be answered, and a conclusion will be given. 

Based on the outcome of this research, advice will be given to growers and breeders of 

winter wheat on saline soils. 

5.1 Answers to the research questions 

At the beginning of this study, three sub questions were formulated to answer the final 

research question. Now that the results are known and have been interpreted, all research 

questions can now be answered. The goal of this study was to determine how vegetative 

growth variables change in winter wheat when it is grown in a saline environment and what 

influence ploughing has on this. By answering this question, advice can be given to breeders 

and growers. Below, the research questions are answered one by one and together they 

provide the conclusion of this research. 

- How do salinisation and ploughing interactively affect the vegetative growth of winter 

wheat? 

Ploughing and salinisation interactively affect the following variables in winter wheat: 

germination, plant length, damage and condition. The results indicate that both 

treatments have an effect on the abovementioned variables in winter wheat, the 

extent to which these treatments are applied determines the final effect. When 

looking at germination, it can be concluded that germination of the winter wheat 

variety ‘Extase’ is negatively affected by ploughing, since ploughing on both salinated 

and unsalinated grounds significantly decreased the number of germinated plants. 

Salinisation does not show a clear increase or decrease in germination when this 

treatment is applied. 

 

In most cases, the combination of no ploughing and salinisation led to longer plant 

lengths, less damage and an improved condition. On the other hand, the combination 

of no ploughing and no salinisation led to the shortest plant length, more damage and 

a lower condition. The increased plant length and reduced damage on saline soils 

was probably caused by the way the plants coped with the saline conditions. As a 

response to salt stress, plants can release strigolactones that make them more 

tolerant to the negative effects of salt stress and promote apical dominance. Since 

these plants were taller and showed less damage, they automatically received a 

higher rating on condition. Ploughing seems to decrease the effects of salinisation, as 

ploughing decreased the differences between the unsalinated and salinated 

treatment groups in all variables where a significant interactive effect was found. 

However, it should be realised that this is a new study that needs to be repeated 

more often to provide more certainty regarding this subject. 

 

- How does ploughing affect the vegetative growth of winter wheat? 

The study showed that ploughing had no individual effects on the selected variables 

and will always interact with salinisation. Germination, plant length, damage and 

condition were all significantly influenced by the interaction of both ploughing and 

salinisation. Ploughing showed a significant reduction in germination rate when 

applied to unsalinated soils. On saline soils there was also a slight reduction in 

germination, but this was likely to be negligible. This would indicate that ploughing on 

saline soils has little or no effect on germination rates but will always decrease the 

number of germinated plants. 
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In addition, it can be concluded that the difference between the salinated treatments 

on unploughed soils, plant length, damage and condition, were clearly visible. In 

contrast, on ploughed soils almost no differences in the abovementioned variables 

were noticeable and may therefore indicate that ploughing limits the effects of 

salinisation to some extent. However, it should be realised that this is a new study 

that needs to be repeated more often to provide more certainty regarding this subject.  

 

- How does salinisation affect the vegetative growth of winter wheat? 

The study showed that salinisation had no individual effects on the selected variables 

and will always interact with ploughing. Germination, plant length, damage and 

condition were all significantly influenced by the interaction of both salinisation and 

ploughing. Salinisation showed no clear effect on germination, and its influence 

therefore depends entirely on whether or not ploughing has been used. In ploughed 

soils, salinisation showed an increase in germination success, whereas a decrease in 

germination success was seen in unploughed soils.  

 

In addition, salinisation on unploughed soil almost always contributed to increased 

plant length, reduced damage, and a better condition. This conclusion does not seem 

logical, but it is understandable. The increased plant length is probably caused by the 

way in which the plant has dealt with the present salt stress. Literature research has 

shown that strigolactones play a role in this. A possibly increased value of 

strigolactones present in the plant enables it to cope better with the present salt 

stress and will therefore show less damage and promote apical dominance. Because 

the plants were significantly higher on these saline soils and showed less damage, 

they probably received a higher condition rating as well. However, it must be 

concluded that this statement is only based on an expectation, as the amount of 

strigolactones present in the plant has not been tested in this research. 

 

At last, salinisation on ploughed soil consistently showed similar numbers to ploughed 

soil where salinisation did not occur, while major differences between the salinated 

treatments were visible on unploughed soil. This was visible in all significant variables 

(plant length, damage and condition). This would suggest that salinisation has less of 

an effect on ploughed soils. However, it should be realised that this is a relatively new 

type of research, and it is the first year that it has been conducted. In order to gain a 

better understanding of the interacting role of salinisation and ploughing, it is 

important to continue this research and to monitor the chosen crop through different 

growth stages. 

 

- How do ploughing and salinisation affect the vegetative growth of winter wheat 

(Triticum aestivum 'Extase')? 

Ploughing and salinisation interactively affect the vegetative growth of the winter 

wheat variety ‘Extase’. Germination is negatively influenced by ploughing and the 

influence of salinisation on germination depends on whether or not ploughing was 

conducted; on ploughed soils an increase in germination was seen when salinisation 

was present, whereas on unploughed soils a decrease was seen when salinisation 

was present. Besides this, ploughing seems to limit the effects of salinisation to a 

certain extent, since there were no or hardly any visible differences in plant length, 

damage and condition when the salinated treatments were compared to unsalinated 

treatments. Since these differences were clearly present in unploughed soils, it can 

be concluded that ploughing seems to restrict the effects of salinisation. Lastly, 

salinisation seems to have contributed to increased plant length, reduced damage 
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and an improved condition in the winter wheat variety 'Extase'. This is probably due to 

the fact that these plants released strigolactones that positively influenced apical 

dominance and stress tolerance. However, this cannot be said with certainty, as the 

concentration of strigolactones present in the plant has not been determined in this 

study. If such a concentration is present, it can be concluded that 'Extase' is a salt-

tolerant winter wheat variety, but this was not found in the literature either. All other 

growth variables, such as leaf area and root structure, showed no significant 

(interacting) effects of the treatments. Therefore, ploughing and salinisation 

interactively affect germination, plant length, damage and condition during the 

vegetative growth of Triticum aestivum 'Extase'. 

5.2 Advise 

Now the conclusion is presented, advice can be given to the target group of this research. 

The results of this research can be of evident importance to breeders of salt-tolerant wheat 

crops and growers on saline soils, as it provides innovative insight into the interaction of 

ploughing and salinisation, as well as the phenotypic growth differences caused by 

salinisation. Below, advice is given to both growers and breeders of winter wheat. In addition, 

it is advised to include all the discussion points in paragraph 4.2 in a possible repeat or 

follow-up study. 

Advise for growers of winter wheat on saline soils: 

Based on the results of this study, it is recommended that ploughing is used on saline soils 

when growing winter wheat. This advice is applicable in short-term, as ploughing can be 

applied before the beginning of cultivation. Ploughing has significantly reduced the effects of 

salinisation, which is assumed to be beneficial for the crop in question. This is because 

ploughing interacts with salinisation, and this interaction leads to a limitation of the 

salinisation effects. However, it should be noted that ploughing also had negative effects in 

this study. For example, it drastically reduced germination. The grower should therefore 

consider whether or not ploughing is profitable enough, and a decision seems to have to be 

made between a higher germination with more salinisation effects, or a lower germination 

with a reduced salinisation effect. In addition, the wheat variety 'Extase' seems to be very salt 

tolerant as it responded positively to saline conditions. The short-term advice is to use this 

variety on saline conditions. However, this cannot be said with certainty, as this is based on 

an expectation. No further proof was found that ‘Extase’ is indeed a salt tolerant variety. 

Advise for breeders of salt tolerant winter wheat varieties: 

The results of this study showed that a higher plant length in winter wheat significantly leads 

to a higher tolerance of salt stress. Plants with a higher plant length suffered less damage in 

this study and received the highest condition scores. Literature research has shown that the 

hormone group strigolactones play a major role in this. These hormones not only help the 

plant to cope better with salt stress, but also contribute to apical dominance. This means that 

plant length can be a good phenotypic characteristic in the selection of salt-tolerant plants 

and forms the advice on short-term perspectives. In addition, the gene responsible for 

strigolactone expression could be identified, which could be the basis for a future breeding 

plan for salt tolerant wheat crops and forms the advice on long-term perspectives. However, 

it must be stated that the differences in plant length were rather small and only 2-to-5-

centimetre differences were visible. Finally, the variety used in this research, 'Extase', seems 

to be salt tolerant and could therefore be a suitable crossing parent in future breeding plans 

for both short-term and long-term perspectives. However, this cannot be said with certainty 

since the strigolactone content in the plants were not investigated in this research and is 

based on an expectation. More research on this subject is therefore highly recommended on 

short term as well.  
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Appendix 
All the important information that contributed to this study can be found here. This 

information consists of the used measurement scales, dataset and other information that can 

be consulted. 

Appendix I: Soil and water properties 

Both the soil and irrigated water have been tested by official research lab; Eurofins in 

Wageningen, the Netherlands. The test results are displayed below. 

Soil properties: 

Both the chemical and physical characteristics of the soil are shown in table 1. 

Table 1: Soil characteristics from Eurofins soil analysis (11-02-2020) (Eurofins, personal communication, 2020). 

Saline soil 

Chemical elements Unity Result 

Nitrogen (N) kg N/ha  4.840 

Sulphur (S) kg S/ha  1.695 

Phosphorus (P) kg P/ha  725 

Potassium (K) kg K/ha  545 

Calcium (Ca) kg Ca/ha  9.165 

Magnesium (Mg) kg Mg/ha  360 

Sodium (Na) kg Na/ha  75 

Chlorine (Cl) kg Cl/ha  < 13 

Silicon (Si) g Si/ha  241.630 

Iron (Fe) g Fe/ha  < 6.150 

Zinc (Zn) g Zn/ha  360 

Manganese (Mn) g Mn/ha  < 760 

Copper (Cu) g Cu/ha  90 

Cobalt (Co) g Co/ha  < 10 

Boron (B) g B/ha  1.330 

Molybdenum (Mo) g Mo/ha  30 

Selenium (Se) g Se/ha  16 

Physical elements Unity Result 

C/N ratio  13 

Acidity (pH) pH 7,1 

Organic tissue % 3,2 

Clay (<2 µm)  % 19 

Silt (2-50 µm)  % 36 

Sand (>50 µm)  % 35 

Sludge (>16 µm) % 30 

Regular soil 

Chemical elements Unity Result 

Nitrogen (N) kg N/ha  4.350 

Sulphur (S) kg S/ha  2.435 

Phosphorus (P) kg P/ha  590 

Potassium (K) kg K/ha  530 

Calcium (Ca) kg Ca/ha  8.770 

Magnesium (Mg) kg Mg/ha  250 

Sodium (Na) kg Na/ha  80 

Chlorine (Cl) kg Cl/ha  < 13 

Silicon (Si) g Si/ha  192.050 

Iron (Fe) g Fe/ha  < 6.260 
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Zinc (Zn) g Zn/ha  < 310 

Manganese (Mn) g Mn/ha  920 

Copper (Cu) g Cu/ha  115 

Cobalt (Co) g Co/ha  < 10 

Boron (B) g B/ha  1.140 

Molybdenum (Mo) g Mo/ha  50 

Selenium (Se) g Se/ha  17 

Physical elements Unity Result 

C/N ratio  11 

Acidity (pH) pH 7,4 

Organic tissue % 2,6 

Clay (<2 µm)  % 18 

Silt (2-50 µm)  % 32 

Sand (>50 µm)  % 40 

Sludge (>16 µm) % 28 

 

Water properties 

Both the chemical and physical characteristics of the water are shown in table 2. 

Table 2: Water characteristics from Eurofins water analysis (23-03-2021) (Eurofins, personal communication, 
2021). 

Saline seepage water 

Chemical elements Unity Result 

Ammonium (NH4) mmol/l 0,5 

Potassium (K) mmol/l 2,1 

Sodium (Na) mmol/l 130,3 

Calcium (Ca) mmol/l 7,9 

Magnesium (Mg) mmol/l 14,5 

Nitrate (NO3) mmol/l 0,1 

Chlorine (Cl) mmol/l 118,7 

Sulphur (S) mmol/l 1,3 

Bicarbonate (HCO3) mmol/l 21,9 

Phosphorus (P) mmol/l 0,05 

Iron (Fe) µmol/l 0,6 

Manganese (Mn) µmol/l 1,7 

Zinc (Zn) µmol/l <0,1 

Boron (B) µmol/l 74 

Copper (Cu) µmol/l <0,1 

Molybdenum (Mo) µmol/l <0,1 

Silicon (Si) mmol/l 0,26 

Physical elements Unity Result 

Electro Conductivity (EC) mS/cm 15,3 

Acidity (pH) pH 7,5 

Fresh surface water 

Chemical elements Unity Result 

Ammonium (NH4) mmol/l <0,1 

Potassium (K) mmol/l <0,1 

Sodium (Na) mmol/l 1,2 

Calcium (Ca) mmol/l 0,9 

Magnesium (Mg) mmol/l 0,3 

Nitrate (NO3) mmol/l <0,1 

Chlorine (Cl) mmol/l 2,1 
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Sulphur (S) mmol/l <0,1 

Bicarbonate (HCO3) mmol/l 1,8 

Phosphorus (P) mmol/l <0,04 

Iron (Fe) µmol/l 0,2 

Manganese (Mn) µmol/l <0,1 

Zinc (Zn) µmol/l 0,4 

Boron (B) µmol/l 2,8 

Copper (Cu) µmol/l <0,1 

Molybdenum (Mo) µmol/l <0,1 

Silicon (Si) mmol/l 0,24 

Physical elements Unity Result 

Electro Conductivity (EC) mS/cm 0,5 

Acidity (pH) pH 8,0 
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Appendix II: Measurement scales 

Two scales have been used in this research. One was used to determine the state of a plant 

and one was used for determining the damage that was present on the plant (see section 

2.3). Both scales are shown below. 

Scale for determining condition: 

1. Poor condition:  

>20% smaller than average size, majorly/completely damaged, hanging down 

(combination of all) 

2. Poor condition:  

>20% smaller than average size, majorly/completely damaged, hanging down 

(combination of 2) 

3. Bad condition:  

20% smaller than average size, damaged, hanging down (combination of all) 

4. Bad condition:  

20% smaller than average size, damaged, hanging down (combination of 2) 

5. Average condition:  

average size, minor damage, upright/hanging down (combination of 2) 

6. Average condition:  

average size, minor damage, upright/hanging down (combination of all) 

7. Good condition:  

20% bigger than average size, minor/no damage, upright (combination of all) 

8. Great condition:  

20% bigger than average size, no damage, upright (combination of 2) 

9. Great condition:  

>20% bigger than average size, no damage, upright (combination of 2) 

10. Perfect condition:  

>20% bigger than average size, no damage, upright (combination of all) 

Scale for determining damage: 

1. No damage present (0%) 

2. 5% damage 

3. 10% damage 

4. 20% damage 

5. Minor damage present (25 – 30%) 

6. 40% damage 

7. 50% damage 

8. 60% damage 

9. 70% damage 

10. Major damage present (>75%) 
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Appendix III: Used dataset 

The used dataset can be found below. 
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Appendix IV: SPSS Output 

The output from the Mixed Model ANOVA tests is per variable given below. 

Plant length: 
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Leaf area: 
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Damage: 
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Condition: 
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Apical root length: 
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Lateral root length: 

 

 


