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Summary 
 

Agricultural land and fresh water are increasingly scarce resources. New sustainable ways of food 

production need to be explored, to secure food for the rising world population. Combining 

aquaculture in the form of sludge from land-based fish production with hydroponics, is a way of 

recycling valuable resources that would otherwise be deposited or end up at sea.   

 

This research experimented on how the common tomato plant ‘Balkonzauber’ and the salt 

tolerant halophyte ‘New Zealand Spinach’ grew in different water treatments. Plants were 

separated into different growth mediums: hydroponic solution and waste product from a 

Norwegian salmon hatchery at different salinities (0ppt, 5ppt and 13ppt). A soil treatment was 

added to see difference between hydroponic and soil growth, when irrigated with waste product 

and 13ppt. This to see if plants could grow on nutrients from waste products, and which treatment 

would provide the highest growth rate.  

 

Plants grew better in hydroponic solution and soil. For tomato plants a high growth was seen in 

fresh water with waste product. New Zealand spinach did not perform well in any hydroponic 

treatment with waste products as nutrients. The low growth was surprising as the species is a 

halophyte. Particles stuck on roots, seem to limit water and nutrient uptake. Other limiting factors 

could be linked to temperatures, salinity and waste product nutrient compositions. Further 

research needs to be completed to optimize growing conditions. 

 

There is future potential in growing vegetables in waste products from aquaculture, but to achieve 

this more research must be done. Connection the system to a land-based facility and start a larger-

scaled experiment would be the next step.  



 

Sammendrag  
 

Jordbruksland og ferskvann er stadig mer begrensede ressurser. Nye, bærekraftige metoder 

for matproduksjon må utforskes for å sikre mat til den voksende verdensbefolkningen. Ved å 

kombinere akvakultur i form av slam fra landbasert fiskeproduksjon med hydroponikk 

plantevekst, kan man resirkulere verdifulle ressurser som ellers ville gått tapt. 

 

Prosjektet så på hvordan tomatplanten ‘Balkonzauber’ og salttolerante halofytten ‘New 

Zealand Spinach’ vokste i forskjellige vannbehandlinger. Planter ble separert i paralleller med 

forskjellige vekstmedier: hydroponisk løsning og slam fra et settefiskanlegg, med forskjellige 

saltholdigheter (0ppt, 5ppt og 13ppt). Planter i jord ble også inkludert. Dette for å undersøke 

forskjeller i vekst mellom hydroponisk- og jordbaserte miljøer, for planter behandlet med 

slam og 13 ppt salt. Målet med prosjektet var å se om plantene kunne vokse på næring fra 

slammet, og å se hvilken behandling som ga høyest vekstrate.  

 

Plantene vokste bedre i hydroponisk løsning og i jord. Tomatplanter hadde en høy vekst i 

ferskvann med slam, men ikke i salt. New Zealand-spinat presterte dårlig i hydroponiske 

behandlingene med slam som næring. Den lave veksten var overraskende ettersom arten er en 

halofytt. Partikler på røttene så ut til å begrense opptak av vann og næringsstoffer. Andre 

begrensende faktorer kan være knyttet til temperaturer, saltholdighet og næringsstoffer fra 

slammet. Ytterligere undersøkelser må utføres for å optimalisere vekstforholdene. 

 

Det er potensiale i å dyrke grønnsaker i salt slam fra landbasert oppdrett, men for å oppnå 

dette må det forskes mer på området. Det neste trinnet er å koble systemet til et landbasert 

anlegg og starte et større eksperiment. 
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1. Introduction 
 

 

1.1 Background 

The population of the world is constantly growing and currently (January 2020) there are 

more than 7.7 billion people on the earth (3). The UN has estimated that the world population 

will reach 9.8 billion in 2050 (4). To support this rise in population food production needs to 

be increased by 70 to 100 percent (5). The need for more sustainable ways to produce food is 

rising to maintain an elevated production rate. 

Another big challenge for global food and water supply is the freshwater resources in the 

world. The number of people affected by water scarcity is predicted to rise rapidly, as the 

population continues to grow (6). Even though there are 1400 million cubic km of water in 

the world, only 0.003% of these are freshwater resources (7). The Food and Agriculture 

Organization of the United Nations states: “On average, agriculture accounts for 70 percent 

of global freshwater withdrawals.” (7). For these reasons, we need to change towards more 

sustainable water usage to increase agriculture production, or even just to maintain today’s 

production rate.    

Around 50% of the total habitable land on the earth is used for agriculture (8). This puts 

strains on the environment in forms of climate change, pollution, deforestation and a general 

degrading of the environment (9). The last 20 years there has been a decrease in agricultural 

land (10). Agriculture cannot be significantly increased in a sustainable way, but there are 

vast areas for aquaculture along the coasts  (10) (11) (12).  

 

1.2 Aquaculture 

Aquaculture is breeding, rearing and harvesting of fish and other species from a controlled 

marine or freshwater environment (13). Aquaculture facilities range from small scale 
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producers to big international companies. It is a industry with high-tech equipment and 

constant innovation (14). Figure 1 shows the rapid growth of aquaculture production.  

 
Figure 1 Growth of fisheries and aquaculture (12). 

 
Since 1990 the aquaculture industry has grown with approximately 7.8 percent each year (15).  

Growing protein like salmon through aquaculture, is the most sustainable approach to farming 

of animal protein. It also creates the lowest carbon footprint (15) (16). 

 

The number of land-based aquaculture facilities are increasing all around the world. Land-

based systems provides complete control over production and water quality (17). Modern 

facilities recycle water through RAS systems and uses significantly less water. The system 

may be utilized at locations far from sea and large fresh water sources. This provides 

opportunities for countries without sufficient coastlines, to still produce through aquaculture 

(18). Waste products from land-based systems are solid waste, CO2 and ammonium (19). 

NIBIO states that each year 27.000 tons of nitrogen and 9000 tons of phosphorus ends up in 

the ocean due to land-based aquaculture in Norway. Large amounts of solids are collected, yet 

significant quantities of dissolved nutrients are released to nature. Research show that 

nitrogen and phosphorus mainly follow the waste water, but a small part remains in the dried 

waste product (20, 21). New facilities being built in Norway today are under requirements to 

collect waste products (22). Producers have to pay to dispose these waste products (23), 

which means that this is a considerable resource that need to be further utilized.  
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Even though most land-based productions are done in freshwater (12), fish waste from 

productions using salter water can also be utilized. This would be highly relevant for 

Norwegian production where the first phase of salmon farming is done in freshwater, and 

later phases are in brackish and saline water. As the salmon is an anadrome species it 

smoltifies. This means that a physiological change takes place within the fish, preparing it to 

go from freshwater to saline water (24). Thus, the salinity in the waste product from a 

hatchery facility will change during the salmon’s life cycle. More post-smolt is anticipated to 

be grown to a bigger or even full size in land-based facilities or semi-closed and closed cages 

at sea. Land-based production of other species is also expected to rise (25). Resulting in 

higher amount of waste products. This gives opportunities to recycle nutrients that would 

otherwise end up at sea, like the limited sources of phosphorus (26).  

 

Waste products are being tested as fertilizers in agricultural fields to see if valuable resources 

can be recycled (26). The Norwegian company ‘Høst’ applies waste products in fertilizer sold 

to Vietnam, which show promise in increasing growth for farmers (27). As agricultural land is 

limited (8), other methods for food production should be considered. FAO states that: «In the 

future, aquaculture and aquaponics may play a greater role in coping with the increased 

demand of a growing world population» (28). The increasingly popular method of aquaponics 

can be used to recycle resources (29). 

 

Aquaponics is a method of combining aquaculture with hydroponics. Non soil methods have 

shown efficient growth, takes up less land and provides endless opportunities in modifications 

(30). For example, it can be built as vertical farms in cities (31). By combining land-based 

aquaculture with plant production in such a way, one can efficiently utilize resources and 

thereby create less waste (32). To understand what aquaponics is, the method of hydroponics 

is first introduced. 

 

1.3 Hydroponics 

Hydroponics is the concept where plants are grown without the use of soil. There are many 

different methods within hydroponics, but in general the roots of the plants will be floating in 

nutrient rich water (33). Nutrients are added through specialized nutrients solutions providing 

everything the plants need to grow (34). The root system can either be free in the water or 

supported by other mediums like perlite, clay pellets or rockwool. This allows for a more 
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efficient nutrient uptake and in many cases faster growth, with an increased production of 30 

percent (33). 

 

1.4 Aquaponics  

Aquaponics is a combination of recirculating aquaculture and hydroponic growing of plants, 

in a system that continually recycles water. This method is based on biological processes that 

occurs naturally, including nitrification (35) (36). 

 

To give a further understanding of how aquaponics work, Figure 2 shows the process of a 

simple nutrient film technique system (NFT). The system works by fish eating fish feed and 

producing ammonia. This ammonia is discharged through the gills (37). As the plants cannot 

use the ammonia they depend on nitrifying bacteria to transform the ammonia to nitrate, 

which plants can utilize for growth (38). Nitrifying bacteria are found in the hydroponic part 

of the system, in the gravel or on the root system of the plants. As plants use the nitrates as 

nutrients, they remove it from the water and clean water can be returned to the fish tank (36).  

 

 

 
Aquaponics systems can be built and customized in a variety of ways (Appx. 1). Compared to 

traditional agriculture, there are many advantages of growing plants and proteins together in 

an aquaponics system; less use of freshwater and electricity, more efficient growth of plants, 

less pests and therefore less use of pesticides, less waste products that can affect the 

environment and no fish escapes (29).   

 

Figure 2 Explanation of an NFT aquaponics system (1). 
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Most of today’s aquaponics production is based on freshwater systems. Lotus student 

organization successfully tested the combination of hatching facility with freshwater 

aquaponics (39). However, there are land-based facilities utilizing saline water, such as those 

of salmon farming. Using the waste products in combination with marine aquaponics is 

therefore a possibility. The biggest difference between regular aquaponics and marine 

aquaponics is the fact that it uses saline water and therefore a different set of species. This is 

not practiced at a large scale yet, but mostly by researchers who are testing its potential. A 

combination of marine fish or crustaceans together with plants with a high tolerance of 

salinity, has been proven to work by several researchers (40) (41) (2).  

 

1.5 Halophytes 

Most plants will die if irrigated with seawater, but there is a group of plants that can thrive 

and grow in such conditions. These plants are called halophytes and they are naturally 

specialized with mechanisms that allows them to survive conditions with high salinity and 

arid climate (42) (43). 

 “The emergence of seawater-irrigated vegetables is a milestone for the development of the 

seawater-irrigated agriculture in the world.” (44). As there is a shortage of fresh water in the 

world, many researchers are looking at seawater agriculture, with halophytes and seawater-

irrigation, as a means for food production. Up to 15% of underdeveloped land around the 

world’s coastal and inland salt deserts could be used for growing crops with the method of 

saltwater agriculture (45). 

Plants known to do well in marine aquaponics are Sea Purslane, Saltwort, Salsola, Sea 

Asparagus and New Zealand spinach (Appx. 2) (40) (41) (46). New Zealand spinach is an 

halophyte and has also proven to do well in hydroponics (46). Experience with this plant was 

recently gained through exchange studies at Federal University of Santa Catarina. Tomato and 

basil have proved to grow significantly in solutions with 4g salt/liter (47). Tomato plants are 

often used in freshwater aquaponics system. It would therefore be interesting to see if the 

plant could grow in a more saline aquaponics system. 

 

1.6 Focus of the Research  

The aim of this research was to examine an alternative way of using waste products from 

aquaculture in combination with hydroponic growth of plants. This to explore a sustainable 
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way of food production in a world with rising food and water scarcity. In addition to recycling 

valuable nutrients.  

 

The problem statement was “Can valuable resources from land-based aquaculture be utilized 

as nutrients for plants grown in hydroponic systems, to provide a sustainable way of food 

production?”.  

 

The original idea was to conduct a marine aquaponics system with shrimps and New Zealand 

Spinach at the UFSC in Brazil. When this was not possible, the focus changed, and the 

shrimps swapped with waste products. A hydroponic system was made to simulate an 

aquaponics and can at later stages be connect directly to a land-based facility. This could 

therefore be seen as the first part of a learning process on marine aquaponics and how to build 

a system. Time was limited and plants did not reach full size during the experiment. Low cost 

materials had to be used, as money for the project was limited.  

 

Thus, this work examined how the tomato plant ‘Balkonzauber’ and the halophyte ‘New 

Zealand’ spinach grew in an NFT hydroponic system at different salinities, with waste 

products from a salmon hatchery facility as nutrients. The hypothesis being tested was: 

1. There will be a difference in growth between plants grown in hydroponic solution and in 

waste product.  

a. The parallel with hydroponic solution will provide the best result in growth  

b. Waste product as nutrients will provide as good a growth as the hydroponic 

solution.  

2. Plants in hydroponic pipes will grow better than soil parallels. 

3. There will be a difference in growth between plants grown in different salinities.  

a. Tomato plants grows best at low salinities and dies in high salinities. 

b. New Zealand spinach grows best at the highest salinity. 

c. New Zealand spinach grows better than tomato plants at higher salinities. 

 

The term “parallel” or “P” is used throughout the thesis and refers to groups of similar plants 

grown under the same conditions with the same growth medium.  
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2. Material and methods 
 

This thesis used an experimental approach to research and gain more understanding about the 

problem statement. A quantitative approach was used to find primary data on growth of plants 

in different water setups. All growth tests were conducted from 28.04.2020 to 26.05.2020.  

 

Materials used to gain data in this research were biological materials such as waste product 

and plants, and structural materials for the build of the system.  

 

2.1 Biological Materials  

2.1.1 Waste Product from Salmon Farming 

Dried fish waste used in the experiment was obtained from a Mowi salmon hatchery in 

Steinsvik, Norway. The waste material was supposed to be analyzed at NTNU laboratories. 

Due to Covid-19, the laboratory at NTNU was not open during the period of this experiment. 

The waste product had previously been analyzed by Eurofins, dated 2017 (Appx. 3). The 

experiment solemnly relied on this analyze regarding the specific waste product used.  

 

The dried waste product used for the project was treated in systems from Sterner AS. On their 

web page they state that the fish sludge is rich in nitrogen and works well on plants. In 

addition, they state that 90% is dry matter, and it contains zinc and phosphorus (48). NIBIO 

reports that the main problems with fish waste as fertilizer are high levels of cadmium, zinc 

and arsenic. These elements should be monitored and kept at a safe level (26).  

 

2.1.2 Tomato Plants 

‘Balkonzauber’ (Solanum lycopersicum) is a small bush growing tomato plant which is 

moderately sensitive to salinity (49). It is a typical salad tomato and the plant does not grow 

too large, it was therefore suitable for an NFT. 

For tomato plants nitrogen, phosphorus and potassium are the main nutrients, but also 

calcium, magnesium and sulfur are necessary in smaller doses (50). Half or more of the total 

nitrogen should be added as nitrate-nitrogen (NO3), to increase the yield (50). Zinc, boron, 

iron, molybdenum, chloride, copper and manganese are micronutrients that are essential to 

complete an array of different processes within the plants (51).  
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Requirements for nutrients change over time as the plants grows in different stages. A chart 

over nutrient sufficiency ranges in tomato plants can be seen in Figure 3.   

 
Figure 3 Nutrient sufficiency ranges in tomato plants (50). 

 
Figure 4 shows the change in uptake of five important nutrients throughout the life cycle of 

the tomato plant (50). Gonzales et.al. states (52) from their research that the seedlings of 

tomato plants were able to uptake the nutrients even in solutions with very low 

concentrations. 

 
Figure 4 Changes in nutrient uptake in the lifecycle of tomato plants (50). 

 

2.1.3 New Zealand Spinach  

Tetragonia tetragonoides, also known as New Zealand spinach or Warrigal greens, is a 

halophyte in the Aizoaceae family. This spinach substitute can tolerate harsh environments 

such as high salinities, drought and warm climate (53, 54). The species was chosen as it can 

grow in high salinities. 
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The benefits of this plant species are; potential for high biomass production, multiple harvests 

throughout the year and easy reproduction and crop management. In addition, it is easily 

accepted by the consumers because of its appearance as a leaf vegetable (54). The plant 

contains high levels of vitamin C, antioxidants and fibers, but also harmful oxalates (53) (54). 

 

When doing research on the New Zealand Spinach nutrient requirements for the plant were 

difficult to find. Ahmed et. al. (55) researched effects of nitrate, calcium and NaCl on the 

Tetragonia Tetragonoides. Plants grown in smaller amounts of nitrate had fewer leaves and a 

significantly lower weight mass. Calcium had no effect on the growth, and salinity had a 

positive effect on plants grown in 100mM NaCl (55). Yousif used a special plant nutrient 

solution for New Zealand spinach (56). This was used as a base for nutrient calculations for 

the species (Appx. 4). As it is a halophyte the plant thrives in salt conditions. Information was 

obtained at the UFSC that the New Zealand spinach grows best at 13ppt (57). Tetragonia 

tetragonoides was therefore expected to grow well in hydroponics or aquaponics systems 

using more saline water. 

 

Two very different species were chosen for the experiment. Tomato plants to show growth for 

a non-halophyte that grows fast and is widely used all over the world. New Zealand Spinach 

as an edible halophyte well suited for growth in combination with marine aquaponics. Both 

plants could be able to grow in systems with fresh water and moderate salinities, which would 

be the environments in a hatchery facility.  
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2.2 Timeline 

The method for collection of data was carried out in different stages. Figure 5 show the 

timeline for the project.    

 
Figure 5 Timeline for the project.  

 

2.3 Preparing start plants  

Two plastic containers (6 liters) were drilled holes in, 2,5 cm over the bottom. Gravel were 

filled up to the holes to secure adequate drainage. 

 

2.3.1 Tomato Plants 

Tomato plants thrive in nutrient rich soil (51), 6 liters of vegetable soil were therefore used. 

40 seeds were sown in the soil (457 seeds/m2). 17 seeds were also sown in a smaller plastic 

container as a backup in case not all the seeds would germinate to plants. A temperature of 

22°C was recommended for germination (58), actual temperature was 21°C. 

 

2.3.2 New Zealand Spinach  

New Zealand spinach in the wild grows in sandy soil. From conversations with master student 

Elaine Ferenhof at the Federal University of Santa Catarina, it was known that spinach thrive 

when grown in a mix of soil and sand in the ratio of 1:2 (59). The box was therefore filled 

with 2 liters soil mixed with 4 liters sand. 

 

The plants had several seeds inside a capsule. To make them geminate capsules were placed 

in water for 24 hours (59, 60). 40 capsules were sown in the sandy mix (457 seeds/m2). 17 

were also sown in a plastic container as backup, similarly to the tomato seeds. A temperature 

13 14 15 16 17 18 19 20 21 22

Make new problemstatement
Plan design
Buy/order materials
Sow the seeds
Prepare green house
Build the system and do modifications if needed
Make a growing table with plant lights, inside
Move germinated plants to growing table
Make spredsheet for registering growth
Mix the water solutions 
Start running system
Transplant all plants to netpots
Place plants in system
Experiment
Register data
Shut down system
Perform statistical analyses

Starting over with a new aim to the project. After 
project at UFSC was cancelled. March April May
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of 15-25°C was recommended for germination (60) The actual temperature during 

germination was 21°C. After germination plants needed to be placed in sunlight, or under an 

adequate light source (60). 

 

For both plant types the soil was watered with fresh water through a spray bottle. The 

germination containers where then covered in cling film to keep them humid. Containers were 

kept on a heated floor to get sufficient heat to germinate the seeds. The containers were 

checked on every day to see the growth and to make sure the soil was moist. After 

germination plants were moved to a cooler area (15-16°C). Development of start plants were 

documented in Figure 6 and 7. From the left: day of sowing, day 1, 5 and 17 after 

germination. 

 

 
Figure 6 Tomato plants after sowing.  

 
Figure 7 New Zealand Spinach after sowing.  

 

2.3.3 Growing Lights 

As the plants were planted in late March in Norway, the sunlight from the windows were not 

adequate as a light source. The light intensity was increased from 50 LUX to around 5000 

LUX, and then 16 000 LUX by adding three artificial plant lights and homemade reflectors. 

This light intensity was equivalent to daylight, but not direct sunlight (61). Tomato plants are 

high energy plants that needs at least 5000 LUX for growth. It was recommended to have a 

minimum of 20 000 LUX to grow a robust plant (62). Little information was available about 
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the optimal light intensity for New Zealand spinach, other than it being a full light plant (60). 

It was therefore under the same conditions as the tomato plants (Fig. 8).  

 
Figure 8 Plants under artificial lights and reflectors. 

It should be noted that the maximum light intensity achieved during the growth phase was 

below the recommended light intensity for robust growth of high energy plants. However, 

16 000 LUX are in the middle of the range of light intensities of full daylight (61). According 

to Digest (62), consistent growth is expected at this light intensity. 

 

2.4 Building the Hydroponic System 

To ensure that the design suited the set of hypothesizes being tested, a list of criteria for the 

structure were set (Appx. 5). 

 

The system was set up by using a nutrient film technique (NFT). The principle of NFT is that 

roots are in a constant stream of nutrient rich water, in this case from the water containing 

waste product or hydroponic nutrient. The water flows in one direction with the help of 

gravity (29). An NFT system can be constructed as a small and light system that do not 

require big amounts of space or solids, like other systems (Appx. 1). Strengths of an NFT 

system are that plants can get the exact nutrients it requires for ultimate growth, the roots are 

sufficiently oxygenated and the risk of pests, fungal and bacterial infections is highly reduced 

(63). 

There are some weaknesses with using an NFT system. Temperatures in a Norwegian 

greenhouse differ widely from day to day, and day to night. It will therefore not be possible to 

keep the nutrient film at a constant temperature, which might affect the plants. Bigger solid of 

fish waste could get stuck on the roots and block the oxygen supply. Malfunctions to the 

system can occur, like pump failure. This would leave the plants dry which could kill them 

(63).  
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Figure 9 Explained blueprint of the system. 
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2.4.2 Material

Mainly solid materials were chosen to build a stable and lasting system. The main structures 

were made from plastic and wood structures. Some cost-efficient material had to be chosen. 

See Appendix 6 for a full list of materials. 

 

2.4.3 Building Process 

The structure was built based on the blueprints (Fig. 9). Eight PVC pipes were cut to 1000 

mm length. Ten holes with 50 mm diameter were made in each pipe, with 50 mm distance 

between holes. Pipes were placed on top of the plastic container and held in place by a 

wooden structure with 4 half circles of 80 mm diameter. The structure in the back was 40 mm 

higher than in the front to achieve a slope of 4% (see eqn. 1). This to achieve an optimal flow 

rate as suggested by Pinheiro (2). 

 

 

        (1) 

 

All of the four parallels consisted of one bucket for irrigation water, two pipes and one bucket 

for water collection including a pump. The pump sent the water back up to the irrigation 

bucket, as illustrated in the blueprint. Water pumps with lifting height of 1500 mm and max 

water flow of 750L/h was used for the experiment (BOYU submersible pump, FP-750). This 

created a continuous stream of water. The irrigation bucket had two holes in the bottom that 

led the water out through garden hoses with valves at the ends. The valves were connected to 

the hydroponic pipes and regulated the water flow.  

 

The system was set up in a greenhouse. Bubble wrapper was used to make a separate space, 

almost like a tent, inside the greenhouse. This to get a higher temperature for the plants, as 

temperatures during spring can vary widely (64). The system was started without plants to 

make sure everything worked according to plan. Pictures were taken during the building 

process (Appx. 7).  

Net pots were placed in the holes on the hydroponic pipes. Because of problems connecting 

the valves and securing sufficient irrigation for the first plant, the first hole was left open and 

only 9 plants were used. 

1000𝑚𝑚	𝑝𝑖𝑝𝑒𝑠
100 ∗ 4 = 40𝑚𝑚 
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2.5 Experiment  

2.5.1 The Irrigation Compositions and Calculation of Nutrients 

Four different water parallels were prepared for the system. Table 1 gives an overview of why 

the different irrigation compositions were chosen for the system.  
Table 1 An overview of the different irrigation used in the system. 

Parallels Reason behind the composition 

P1 - Hydroponic solution 

Hydroponic solution (Hydroponisk näring, Nelson Garden) was used to see the 

best possible outcome. The solution contains a solution of inorganic material and 

mix ratio is 2ml/l. This made it possible to compare the other water parallels with a 

set of “control” plants (Appx. 8).  

P2 - Fresh water with 

waste product 

To resemble the wastewater from a salmon hatchery facility in the early phases of 

the salmon life cycle, before it is smoltified. 

P3 - Waste product and 5 

ppt salinity 

To resemble the wastewater from a hatchery in the later phases of the salmon life 

cycle, during the smoltification process. 

P4 & P5 – Waste product 

and 13 ppt salinity 

To resemble the wastewater from a hatchery in the later phases of the salmon life 

cycle, during the smoltification process. 

 

The lifespan of a tomato plant is approximately 5 months (20 weeks) (65). Of these 20 weeks, 

the plants spent 4 weeks in the experiment. The plants double their weight in two weeks (66), 

giving approximately 5,5% daily growth. Tomato plants needed more nutrients than spinach, 

so the level of nutrients was customized mainly for tomato plants, and then hopefully the 

spinach utilized the nutrients it needed and not more. As the New Zealand spinach grows at 

the same period of the year as the tomato plant, it was assumed the lifespan was around 20 

weeks as well. It was expected that tomato plants and spinach would grow respectively 500g 

and 400g per parallel during the trail. These numbers were calculated from the start weight 

with a daily growth rate of 5,5% for 28 days. 

 

The two most significant nutrients for plants until flowering stage, are nitrogen and 

phosphorus (51). Tomato plants need 30-60g nitrogen per kg growth, for spinach the amount 

is 1g/kg. For phosphorus the numbers are 3-8g/kg and 0,11g/kg respectively (Appx. 9). Plants 

need for phosphorus would be covered when adding the amounts of waste product needed to 

secure a sufficient nitrogen level (see Appx. 3). Using 50g/kg as a combined need for nitrogen 

for both species, the amount of nutrients to add weekly and daily, was calculated (Tab. 2). It 

was assumed that not all nutrients would dissolve in the water. Carrying out a pilot trial and 

analyze the dissolved nutrients, was not possible due to Covid-19.  



 16 

Table 2 Calculations on fish waste to add daily and weekly. 

Calculations on waste product to add to secure sufficient nitrogen levels for the plant   
Content of N in tomato plants 50 g/kg 
Total weight of 9 start plants 20 g  
Average growth per day (5.5% daily growth gives appx. the double weight in two weeks) 5,5 % 

Alternative: Growth per two weeks 100 % 
Number of days from start until finish 28 days 
      
Days until next water change 7   
      
Content of N in the waste product 45 g/kg 
Added waste product at water change (once a week) 15 g 
Added waste product (daily in addition to at water changes) 10 g 

 

To secure a steady stream of nutrients for plants to utilize, it was decided to have a surplus of 

nutrients in the water at all times (Tab. 3). 
Table 3 Calculations to secure a surplus of nutrients. 

Calculations to secure sufficient levels of nitrogen (N)     
Waste products are added once a week at water change, in addition to 
once daily. The remaining N is removed at water change. 

    

      
Total amount N utilized by plants 3,5 g 
Total amount N added 15,3 g 
Remaining N at the first water change (and N utilized by plants) [g] 3,4 0,5 

Remaining N at the second water change (and N utilized by plants) [g] 3,2 0,7 

Remaining N at the third water change (and N utilized by plants) [g] 2,9 1,0 

Remaining N at the end of the experiment (and N utilized by plants) [g] 2,4 1,4 

N added minus N utilized by plants 11,8 g 
 

For P1 mixing ratios according to the description for the hydroponic solution was used. 

Amount of nitrogen was similar for waste product and hydroponic solution as they contained 

4,54% and 4% nitrogen (Appx. 3, 8, 9)  

 

If too much nutrients were added the plants could suffer from nutrient burn. The nutrients 

replace the water uptake in the leaves, stopping water from reaching the entire leaf. This 

would appear as discoloration, with brown or dead areas on the tip of the leaves. This burn 

can also be seen in plants with perfect nutrient contents, then other factors such as 

temperature, light or diseases can be the reason (67). 
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2.5.2 Preparing Plants for Transplant 

Plants were carefully taken out of the soil. Roots were rinsed in water to remove excess soil. 

Roots were put through the holes in the bottom of the net pots to ensure that plants could 

reach the nutrient film. Then pots were filled with hydro granules. The hydro granules (leca) 

were cleaned and soaked in advance. Plants were then moved to the system as soon as they 

were ready (Fig. 10, 11 and 12). 

 
Figure 10 Extracting and measuring tomato plants. 

 
Figure 11 Measurements and transplant of tomato plants. 

 
Figure 12 Measurements and transplant of New Zealand Spinach 

 

2.5.3 Start Up 

The different parallels were prepared by measuring correct amount of waste product, salt or 

hydroponic solution as seen in Table 4. P1 solemnly consisted of 20 ml hydroponic solution 

mixed with fresh water. Fifteen grams of waste product was sieved for big solids and 

measured for P2, P3 and P4. Salt according to wanted salinity was dissolved in hot water.  
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Table 4 Overview of amounts to add in the parallels at weekly water change. 

Growth mediums 
Hydroponic 
solution 

2. Fresh water + 
WP 

3. 5 ppt saltwater + 
WP 

4. 13 ppt saltwater 
+ WP 

Hydroponic solution 
(ml/10l fresh water) 20 0 0 0 
Salt (g/10l fresh 
water) 0 0 50 130 
Waste product (g/10l 
fresh water) 0 15 15 15 

 

Waste product (WP) was mixed with room temperature water to dissolve lumps (Fig. 13). Salt 

and waste product solutions were mixed together. Extra solution of P4 was made to irrigate 

soil plants in P5. 

 

 
Figure 13 Preparing water parallels with waste product and salt. 

 

Buckets were filled with water (9l) and placed at the end of the hydroponic pipes. Pumps 

were submerged, connected and system started running. Water flow was set and then the 

solutions (1l) were added (Fig. 13). The total amount of water in the system was 10l.  

 

The system ran without plants to see if adjustments needed to be done. One observation was 

that parts of the fish waste particles settled at the bottom of the buckets, which could create a 

problem for the pumps.  

 

The first two days all plants were kept in the same nutrient without changes. This was done to 

acclimatize the plants before adding more nutrients. From the third day of the experiment, 10 

g waste product was added every day in P2, P3 and P4. The waste product was mixed in 200 

ml water (Fig. 14). For P1, 5 ml hydroponic solution was added. Buckets were topped up with 

water if evaporation due to warm weather occurred. 
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Figure 14 Procedure of mixing daily supplement of waste product. 

Weekly water changes followed the same procedures as the startup for the system, according 

to Table 4. In addition, buckets and pumps were rinsed before newly mixed water parallels 

were added.  

 

2.5.4 Soil Plants 

Soil plants were added to containers with the same soil mixtures as during germination. The 

plan was to have 9 plants of each species, but due to lack of material, 4 tomato plants and 4 

spinach were used. Irrigation mix was made similarly as for P4 and plants were watered as 

needed. Approximately 1dl/plant two times a week.  

 

2.5.5 Flowrate   

Flow rate was adjusted to 1-2 liters per minute per pipe, as suggested by (68). As roots grew 

and impeded the water, the flow had to be monitored. The flow was controlled by timing how 

long filling a measuring cup (1l) took. This was done for each pipe and valves were adjusted 

accordingly.  

 
Figure 15 Roots and waterflow as water returns to collection buckets. 
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2.5.6 Plants During Experiment 

In the first 9 days after transplant the state of the plants was documented daily through 

comments, temperatures and pictures (Appx. 10). After this, documentation was done twice a 

week.  

 

After the transfer to the system both spinach and tomato plants were drooping and did not 

perform well. Two days after plants looked a bit better and seemed to recover. Some leaves 

died from the shock of the transplant. These were removed so growth of healthy parts would 

not be impaired. Two weeks into the experiment all tomato plants in P4 were dead and 

removed. 7 new tomato plants were put in the pipe. At the same time all tomato plants in P1 

started developing flower buds.  

 

As the laboratories at NTNU were closed, pH and salinity testers were not available. Salinity 

was therefore only calculated at water changes. The same was the case for temperature 

loggers, therefore temperature was measured manually, and inaccuracy could occur as 

temperatures during night hours were unknown.  

 

Temperatures were kept between 13-25°C. An oven was used at night and colder days. Doors 

and windows were open during warmer days. Water temperatures varied, but attempts were 

made to keep it between 15-25°C. Light intensity at daytime ranged between 5000 and 70.000 

LUX. 

 

Leaks occurred in the connection point between pipe and valve. The plastic strips lead water 

out of the pipes. By turning the strips upwards, the problem was solved. 

Slime on roots was removed mid-way through the experiment. Difference in root systems 

between hydroponic and waste product treatments can be seen in Figure 16. 
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Figure 16 Clean roots (P1) and roots with slime (P2). 

 

2.5.7 Finishing Trial 

All plants were taken out of the system. Roots from neighboring plants were entangled and 

bigger roots were difficult to untwine. Leca was removed from pots and plants were taken 

out. Some net pots had to be cut open to get roots loose. Slime and water were removed as 

much as possible.  

 

2.5.8 Registrations  

Before plants were placed in the system, measurements of height and weight were taken. 

Spinach plants weighed less than 1 g, and all 9 plants in each parallel were weighed together 

to avoid high relative measurement errors. Tomato plants were heavier and were weighed 

individually. The results were registered in an excel form (Tab. 5). Start weight, total height 

and root length was not measured for P5 as the plants remained in soil. The average start 

measurements of all other parallels were registered as start weight. Plants of close to equal 

size were randomly chosen for the different parallels. It is therefore likely plants in this 
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parallel had a start weight similar to the others. Average and standard deviation was 

calculated. Same measurements were made and registered in the form at the end of the 

experiment. In addition, plant height was measured two weeks into the experiment.  
Table 5 Template of registration form. 

  Parallels: Plant number:  1 2 3 4 5 6 7 8 9 Total Average Standard deviation 

Pl
an

t 1
 

1 

Height total [mm]                         
Height upper part                         
Height roots[mm]                          
Weight [g]                         

2 

Height total [mm]                         
Height upper part                         
Height roots[mm]                          
Weight [g]                         

3 

Height total [mm]                         
Height upper part                         
Height roots[mm]                          
Weight [g]                         

4 

Height total [mm]                         
Height upper part                         
Height roots[mm]                          
Weight [g]                         

5 

Height total [mm]                         
Height upper part                         
Height roots[mm]                          
Weight [g]                         

 

A registration form for visual observations was used to register numbers of branches and 

leaves (for spinach), color and general state of the plants (Tab. 6). 
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Table 6 Template for registration of visual observations. 

                       
Visual check of plants   1 2 3 4 5 6 7 8 9 Average 

Pl
an

t 1
 

1 

Branches:                     
Leaves:                     
Color:                     
State of plant:                     

2 

Branches:                     
Leaves:                     
Color:                     
State of plant:                     

3 

Branches:                     
Leaves:                     
Color:                     
State of plant:                     

4 

Branches:                     
Leaves:                     
Color:                     
State of plant:                     

5 

Branches:                     
Leaves:                     
Color:                     
State of plant:                     

 

It should be noted that measuring spinach was difficult as it grows more horizontally. The 

best way to measure it was by weighing. This was not possible in the middle of the 

experiments as it would ruin plant roots when they were extruded from the net pots. Plants 

that died throughout the trail, before achieving any growth were registered as “x”. The 

template was adjusted to fit the needs for registrations throughout the experiment; start, mid, 

end and dry weight. All plants were measured by aerial and root length and weight. Plants 

were cut in two, separating the aerial part from the roots and parts were weight individually.  

 

Plants were placed on baking trays and in the oven at 70°C. Different methods of drying 

plants can be found. Some researchers recommend drying them for a long period of time (24 

hours) (69), while others state that 10 hours is sufficient (Carberry, 2020). Due to the situation 

(COVID-19), plants were dried in an private oven that had to be turned of at night. Plants 

were therefor dried for a relatively short period of time, with 10 hours as suggested by 

Carberry, 2020. Dry weight was measured to the accuracy of 0.001g using a Precisa 205 A 

SCS. 
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2.6 Statistical Analysis  

The results of height, wet and dry weight were analyzed by one-way analysis of variance 

(ANOVA), using IBM SPSS statistics 26. This analysis is used to evaluate statistical 

significant differences between the means of one or several groups (70). In this case ANOVA 

was used to analyze statistically significant differences of growth in plants between five 

parallels. Analyses for tomato plants and New Zealand spinach are conducted separately. 

ANOVA cannot point out which groups that are statistically different, therefore a Post hoc 

test, Tukey, is included. The Tukey is used to determine statistically significant differences 

when more than two groups are analyzed. The significance level was 0.05 for all tests. P-

values <0.05 means there is a statistically significant difference in means between the groups. 

P-values >0.05 means there is no statistically significant difference (70).  

 

Means (x)̅ are calculated by: 

𝑥̅ =
1
𝑛 /0𝑥!

"

!#$

1 

 

           (2) 

Population standard deviation is calculated as: 

 

σ = 3Σ(𝑋 − 𝜇)
%

𝑛  

           (3) 

Average daily growth in gram is calculated with the growth rate formula: 

 
(𝑆2 − 𝑆1)

𝑇 = 𝐴𝐷𝐺 

           (4) 

 

(71). S1 is start weight/height of plant, S2 is end weight/height and T is time. Time stand for 

the number of days between measurements, in this case 28 days.  
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3. Results 
 
 
3.1 Tomato Plants 

All tomato plants in P1, P2, P3 and P5 survived the experiment. In P4 all plants died after a 

week. New plants were added in P4, these also withered, and results were not registered. 

 

3.1.1 Plant Weight 

Expected growth for each parallel with tomato plants was 500 g and nutrients were calculated 

based on this growth (see page 23). The average growth in weight was registered at the start, 

mid and end of experiment (Fig. 17). 

 

 
Figure 17 Growth in weight for tomato plants at the start and end of the experiment. 

 

Start weights in all parallels were relatively similar, between 2.06 g (P4) and 2.39 g (P2 and 

P5) (Fig. 17). There was no statistically significant difference between any of the start weights 

(F (4,35) = 0.949, p=0.447). There was a statistically significant difference between P1 and all 

other parallels in end weights (wet and dry) (P<<0.05). While P2-P5 were statistically 

significant different from each other. (P>>0.05) (Tab. 7).   

 

2,17

88,83

10,23
2,39

10,41
1,112,83 3,01 0,362,06 0,002,39

21,73

2,39

-20,00

0,00

20,00

40,00

60,00

80,00

100,00

120,00

Start weight, wet End weight, wet End weight, dry

G
ra

m
s [

g]
 

Average Growth in Weight for All Tomato Plants, During 
the Experiment [g] 

Parallel 1 Parallel 2 Parallel 3 Parallel 4 Parallel 5



 26 

Table 7 Tukey Post Hoc Test for Tomato plants. 

Tomato plants Parallel Parallel2 P - value 

End weight P1 P2 .000 

    P3 .000 

    P4 .000 

    P5 .002 

  P2 P3 .977 

    P4 .924 

    P5 .956 

  P3 P4 .999 

    P5 .779 

  P4 P5 .672 

Dry weight P1 P2 .000 

    P3 .000 

    P4 .000 

    P5 .003 

  P2 P3 .989 

    P4 .952 

    P5 .967 

  P3 P4 .999 

    P5 .845 

  P4 P5 .750 

 

Growth was negative in P4, where all plants died. Growth was positive in all other parallels 

but varied largely between parallels. Highest growth was seen in P1, with an average end 

weight of almost 89 g (Fig. 17), representing a biomass increase of 4000 %. End weight for 

other parallels ranged from 3,01 g (P3) to 21,73 g (P5) (Fig. 18).  

 

Daily growth ranged from -0,07 g/day to 3,10 g/day (Fig. 18). Giving growth rates in percent: 

142,6%, 11,99%, 0,22% and 12,84%, for P1, P2, P3 and P5. Standard deviation was high in 

P1 and P5 compared to other parallels. The final result of growth per parallel was 707,4 g, 

83,71 g, 23,82 g and 77,36 g respectively. 

 



 27 

 
Figure 18 Average daily growth for tomato plants in grams with standard deviation. 

 

Four parallels were measured for dry weight. Results showed similar reductions in percent 

from wet weight to dry weight, for the parallels (under 2% difference) (Tab. 8).  
Table 8 Difference in wet and dry weight for tomato plants.  

Tomato plants Wet Weight [g] Dry Weight [g]  Change in Weight [g]  Change in % 

Parallel 1 88,83 10,23 78,6 88,73 

Parallel 2 10,41 1,11 9,3 89,29 

Parallel 3 3,01 0,36 2,6 87,73 

Parallel 4 0 0 0 0 

Parallel 5 21,73 2,39 19,3 88,9 

 

3.1.2 Plant Height  

There was a statistically significant difference in aerial height between the parallels at the 

start, mid and end of the experiment (Start (F (4,35) = 36.664, p= 0.000); mid (F (4,35) = 

165.271, p= 0.000); end (F (4,35) = 124.557, p= 0.000)). P1 is statistically significant 

different from all other parallels and grew very well. P4 is statistically significant different as 

all plants died. P2 grew better than P3, but less than P5, still there was no statistically 

significant difference between the parallels. P3 grew a little less than P2, but enough to get a 

statistically significant difference between P3 and P5 (Appx. 12).  
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All parallels showed better growth in the second half of the experiment. P1 and P5 had 

positive results from the start. Other parallels had negative growth until the mid of the 

experiment (Fig. 19). 

 

 
Figure 19 Development of aerial height of tomato plants. 

Plants in P1, P2 and P5 had positive length growth, while the average growth in P3 was 

slightly negative. This was partly due to some plants dying, contributing to the negative mean. 

Growth was best in P1 with a daily average growth of 8,13 mm/day (aerial height), leading to 

a total length increase of 227,7 mm. Aerial daily growth for other parallels ranged from -3,79 

mm/day (P4) to 3,34 mm/day (P5) (Fig. 20). Total growth in height ranged from -8,71mm 

(P4) to 11,31mm (P1).  
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Figure 20 Average daily growth for aerial and total height of tomato plants. 

 
3.1.3 Visual Registrations 

Visual registrations show the actual state of the plants (Appx. 14). There were significant 

differences between P1 and all other parallels. Plants were greener and branches and leaves 

developed at a much faster rate. Plants in P2 and P5 appeared to be healthy except some 

discoloring on leaves. P2 developed less new leaves and branches than P5. P3 had the lowest 

results with many yellow leaves. The plant lost many branches and appeared fragile. All 

parallels in waste product had roots covered in particles.  

 

P1, P2, P3 and P5 had 11,1; 6,4; 3,9 and 8 branches in average per plant. P4 had no branches 

as all plants died (Fig. 22) (Appx. 14).  

 
Figure 21 Branches for Tomato Plants in the Different Parallels. 
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3.2 New Zealand Spinach 

In P1 and P4 all plants lived through the whole experiment. For P2, P3 and P4 the number of 

dead plants were 3, 3 and 5 plants respectively. The plants that died, started withering after 

the first week, but were kept in the system for a period of time, to see if they would recover. 

 

3.2.1 Plant Weight 

Expected growth for each parallel with New Zealand spinach was 400g (see page 16-17).  

 

Start weights in all parallels were relatively similar, between 1 g (P1) and 1,2 g (P2) (Fig. 22). 

Results were excluded by the ANOVA as all plants in one parallel had the same weight 

(Appx. 11). Growth was negative in P2, P3, P4 as several plants died and the average daily 

growth was low (Fig. 24). P5 had a positive growth with an end weight of 3,53 g. Growth was 

highest in P1, with an average end weight of almost 14 g (Fig. 23), representing a biomass 

increase of 1276,67%. End weight of other parallels ranged from 0,23 g to 0,50 g. 

 

 
Figure 22 Growth in weight for New Zealand spinach, start and end of the experiment. 

 

There was a statistically significant difference between parallels in end weights (F (4,35) = 

5.645, p= 0.001) (Appx.11). The Tukey test show a statistically significant difference in wet 

and dry weight between plants of spinach in P1 and all other parallels, except P5 (Tab. 7). 

There was no statistically significant difference between the other parallels (Tab. 9).  
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Table 9 Tukey Post Hoc Test for New Zealand Spinach.  

New Zealand Spinach Parallel Parallel2 P-value 

End weight P1 P2 .004 

    P3 .004 

    P4 .003 

    P5 .159 

  P2 P3 1.000 

    P4 1.000 

    P5 .956 

  P3 P4 1.000 

    P5 .958 

  P4 P5 .943 

Dry weight P1 P2 .006 

    P3 .005 

    P4 .011 

    P5 .252 

  P2 P3 1.000 

    P4 .999 

    P5 .914 

  P3 P4 .998 

    P5 .903 

  P4 P5 .965 

 

Daily growth ranged from -0,03 g/day (P2 and P3) to 0,46g/day (P1) (Fig. 23). Giving growth 

rates in percent: 45,6%, -2,17%, -1,96%, -2,8% and 7,77% for all parallels respectively. 

Standard deviation was higher in P1 and P5 compared to other parallels. The final result of 

growth per parallel was 115,04 g, 3,43 g, 3,73 g, 1,71 g and 12,69 g. 
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Figure 23 Daily growth for New Zealand Spinach in grams with standard deviation. 

 

All parallels were measured for dry weight. Changes from wet to dry weights differed widely 

between 34,35% to 91,79% (Tab. 10).  
Table 10 Difference in wet and dry weight for New Zealand Spinach. 

New Zealand Spinach Wet Weight [g] Dry Weight [g]  Change in Weight [g]  Change in % 

Parallel 1 13,77 0,98 12,8 91,79 

Parallel 2 0,48 0,1 0,4 51,01 

Parallel 3 0,5 0,09 0,4 53,75 

Parallel 4 0,23 0,04 0,2 34,35 

Parallel 5 3,53 0,35 3,2 88,78 

 
 

3.2.2 Plant Height 

There was no statistically significant difference in aerial start height between the parallels at 

the start (F (4,35) = 0.738, p= 0.573). At the mid of the experiment there was a statistically 

significant different between P1 and other parallels, except P5. All other parallels were not 

statistically significant different. Growth differed substantially between P1 and all others. At 

the end, P1 were statistically significant different from all other parallels. While other 

parallels were not statistically significant different (Appx. 12). 
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All parallels had negative growth in the start and positive growth in the second half of the 

experiment (Fig. 24). 

 

 
Figure 24 Development of aerial height of New Zealand plants. 

 

Plants in P1 and P5 had positive length growth, while the average growth in P2, P3 and P4 

was slightly negative. As with tomato plants, the means was affected by some plants dying. 

Growth was best in P1 with a daily average growth of 2,28 mm/day (aerial height), leading to 

a total length increase of almost 64 mm. Aerial daily growth for other parallels ranged from -

0,88 mm/day (P4) to 0,32 mm/day (P5) (Fig. 25).  
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Figure 25 Daily growth for aerial and total height of New Zealand Spinach. 

 

Dividing average growth into different sections gives insight in when plants grew the most. 

The growth in aerial height was much higher from the mid of experiment to the end. Growth 

of P1 increased with 6,9 mm/day in the second half (Tab 11).  
Table 11 Growth for aerial height [mm] for different periods during the experiment. 

Parallel Growth rate first half Growth rate second half Growth rate total 

1 -1,2 5,7 2,3 

2 -1,8 1,4 -0,2 

3 -1,7 0,6 -0,5 

4 -2,6 0,8 -0,9 

5 -1,0 1,6 0,3 

 

P1 grew from 44,4 mm to 108,3 mm, with a growth of 2,3 mm/day. If the growth of 5,7 

mm/day from the second half applied for the entire experiment the results would be 204,4 

mm/day aerial height. All other parallels would have a better result as well (Tab. 11). 

 

3.2.3 Visual Registrations 

Visual registrations show that plants in P1 developed much more than any other parallel 

(Appx. 14). These plants developed large and green leaves rapidly. Roots were significantly 

more developed. P2, P3 and P4 had lower and similar results. Many leaves turned yellow and 
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barely any new development could be seen. All roots were covered in slime. In P5 the plants 

were green and developed large leaves. 

 

Plants in P1 developed an average of 23,6 leaves and 4,1 branches. For P2, P3 and P4 the 

results were 4,7; 3,6 and 2,8 respectively. All parallels with 1 branch. P5 had an average of 

7,5 leaves and 1,3 branches (Fig. 26) (Appx. 14). 

 

 
Figure 26 Leaves and branches for New Zealand spinach. 

 
3.3 Hypotheses (Confirmed or Disproved) 

 
1. There will be a difference in growth between plants grown in hydroponic solution and 

in waste product.  

d. The parallel with hydroponic solution will provide the best result in growth  

Answer: Yes, the results confirm the hypothesis. Results clearly show a much 

higher growth in hydroponic solution. 

 

e. Waste product as nutrients will provide as good a growth as the hydroponic 

solution.  

Answer: No, the results disprove the hypothesis. Plant grew less in waste product 

even when efforts were made to secure levels of nitrogen and phosphorus 
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2. Plants in hydroponic pipes will grow better than soil parallels. 

Answer: No, the results disprove the hypothesis. Plants grew better in soil when 

irrigated with higher salinities and waste product. 

 

3. There will be a difference in growth between plants grown in different salinities.  

a. Tomato plants grows best at low salinities and dies in high salinities. 

Answer: Yes, results confirms this hypothesis. The exception being tomato 

plants in soil, grown in higher salinities. 

 

b. New Zealand spinach grows best at the highest salinity. 

Answer: No, the results disprove the hypothesis. 

 

c. New Zealand spinach grows better than tomatoes at higher salinities. 

Answer: Yes, results confirms this hypothesis. 
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4. Discussion 
 
 

4.1 Material and Methods 

Covid-19 led to many restrictions for this research. Finding the right materials, measuring 

instruments, sensors and tools was difficult in the midst of a pandemic and in quarantine. 

Analysis could not be carried out as laboratories at NTNU were closed. Alternative tools and 

methods had to be used.  

 

Natural daylight and temperatures were not sufficient to germinate and grow seedlings, during 

the Norwegian spring. An indoor growing space with artificial light was made. One light 

source, giving a LUX reading of 5000, was not sufficient for robust growth in plants (62). 

Additional lights were added and increased light intensity, but only to 16.000 LUX, which is 

20% short of the 20.000 LUX needed for robust plant growth (62). One can assume that 

results would be better if a higher LUX was achieved throughout the first growing phase. 

 

Plants could not be moved to the greenhouse until temperatures were above freezing. Roots 

got intertwined as plants stayed in nursery pots for longer than planned. Recommendations 

are to start production when outside temperatures allow it. In case of larger productions or 

productions throughout the year, heated indoor facilities are recommended.  

 

The build of the system was straight forward, following the blueprints.  

The water flow was not optimal for the first plants in the pipes, it was therefore decided to 

leave the first hole empty. This way the water spread more, and it was easier to access the 

valves. The consequence of this was having a lower amount of plants for statistical analysis. 

Recommendations are to include a distance between the valve and the first plant of 100 mm, 

or more.  

 

As roots grew larger, water resistance increased. This led to some water being pressured back 

up the pipe and through the holes drilled for the strips. By using larger pipes and better suited 

valves and mounting such leakages could be avoided. Using a garden hose was a low-cost 

alternative, which worked very well for a one-month experiment. For a longer operating 

system, plastic pipes would be preferred to guide the water.  
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The water pumps chosen for the system were designed for use in hydroponic systems. A 

concern was that the waste product would clog the pump. This did not happen as much of the 

particles and nutrients settled at the bottom of the collection buckets. Nutrients might dissolve 

over time, but this would probably happen faster with more motion in the water. A system 

with water stream would not let particles settle, but this would again affect the pump. Water 

analysis could be carried out to see if there is a difference in nutrient content. For future 

projects, this should be considered.  

 

The process of transplanting plants from soil to net pots was difficult as roots were entangled. 

Some roots were damaged in the process, but it was thought that as long as there was a 

significant number of roots left, the plants would heal itself. Therefore, it was not expected to 

have an effect on results, except from an increase in standard deviation. Assuming that plants 

with damaged roots would take longer to reach the same growth rate. 

 

If possible, hydroponic growth of seedlings is recommended. This way plants are already 

acclimatized to a wet environment. The transfer will be more optimal for plants and less roots 

would be damaged in the process. Plants in this experiment were negatively affected by the 

transplant. They started drooping immediately after rinsing the roots. Perhaps the temperature 

was too low. The temperature was increased, and plants drooped less but were still 

significantly affected by the process. Plants may have been impacted by salt or waste product. 

In P2-P4 plants were struggling more than in P1. As plants immediately started to drop, it 

seemed unlikely that this was the reasons. It was surprising that the changes could affect the 

plants so quickly.  

 

For the New Zealand spinach, the roots were fewer and shorter. It was difficult to ensure that 

they reached the nutrient film. This could be why some of the plants died early in the 

experiment. Measures were made by ensuring that all plants were situated low enough in the 

net pots to reach the nutrients. By using smaller pipes or deeper net pots, this problem could 

be avoided. Recommendations are to make sure the pipes and net pots are optimal for the 

chosen species, as a universal structure might not suit the individual needs. 

 

Under optimal conditions, the expected growth for tomato plants and New Zealand spinach 

was 500 g and 400 g. These amounts were calculated from the expected daily growth rate of 
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tomato plants, 5,5% (66). P1 had the ultimate conditions regarding nutrients. Still, the New 

Zealand spinach did not grow as much as expected. Light intensity was not optimal from the 

start, which could affect the plant development (62). Air temperatures could not be measured 

and controlled throughout the day due to a lack of a temperature logger. To achieve 

acceptable temperatures, the system was enclosed with bubble wrapper. This seemed to have 

a positive effect as temperatures were higher inside the enclosing, than in the rest of the 

greenhouse.   

 

Most plants had a negative growth in the first half of the experiment, then a positive growth 

during the second half. Could this be linked to the light and temperature conditions? The 

second half was from the mid of May, with warmer and sunnier days. This gave better 

growing conditions for the plants. Conditions like these throughout the whole experiment 

could give an increased growth of 96,1 mm for New Zealand spinach in P1 (Tab. 11). This is 

if light and temperature were the limiting factors. 

 

The water temperatures registered ranged from 14°C to 29°C, but in reality, these 

temperatures might have varied more. Optimal temperatures were different for the species and 

suggestions from researchers vary. Baras (72) recommended 10°C - 21°C for New Zealand 

spinach, and 23,8°C –32,2°C for most tomato plants. Terejo (73) reported best results for 

spinach grown in 28°C, which is a much higher temperature. Spengler (74) stated that the 

ideal water temperature in NFT systems is around 18°C to 26°C. This means actual 

temperatures deviated from ideal temperatures.  

 

Low temperatures in the water film, could inhibit growth (74). When temperatures rise above 

22°C the oxygen demand would not be covered for tomato plants as the diffusion is increased 

(73). On sunny days the water in the parallels heated up quickly. Recommendations are to use 

light colored water containers. Water will be less affected by the sun, giving less of a 

temperature rise. Place containers on insulations mats to prevent heat from transferring to the 

ground. 

 

When considering all this, the parallels in hydroponic solution still grew well. Tomato plants 

grew more than expected. Water temperatures in different parallels were similar (±2°C). P1 

should be equally affected by wrong temperatures and light, as other parallels. This show that 

light and temperature must be within the right range for the species. A comparison between 
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parallels would still give insight in effect of the use of saltwater and waste product as 

nutrients versus hydroponic solution. Considerations to be made are on how less growth and 

longer production time will affect the end products and economics. 

 

New Zealand spinach in all parallels developed much less than expected. Results from 

hydroponic solution showed that the parallel had a very good growth, even though it was far 

from 400g. This meant that the expected growth was estimated incorrectly. There is an ideal 

concentration for nutrients, but high concentrations can limit growth (67). Nutrient 

requirements for New Zealand spinach was difficult to find. More research should be carried 

out to maximize the species growth in marine NFT systems. As other conditions were good 

for the spinach, it is possible that concentrations of some nutrients in the waste product, were 

too high and thereby limited growth.  

 

The analysis of the waste product showed a tolerance of ±20% in several nutrients (Appx. 3) . 

Having such a wide tolerance level could lead to inaccuracies that affects the plants.  

 

Calculations on nutrients to add weekly and daily, was also based on the expected growth. 

The hydroponic solution was calculated from mixing ratios on the product, and all tomato 

plants in this treatment grew much more than expected. Opposite, the plants in waste products 

grew less than expected and would probably not be able to take up all the nutrients. Which 

could lead to problems with excess nutrients (67).  

 

Leaks led to complications calculating actual amount of nutrients in the different parallels. Up 

to approximately 300 ml of water could be lost in small leaks, this would mean up to 3% of 

the nutrients dissolved in the water. For bigger leaks, the whole growth medium was changed 

with fresh water, salt and waste product. This to be sure there would not be a lack of nutrients. 

At the same time this meant a difference in nutrient content for different water parallels. This 

could give a difference in growth. At weekly water change all parallels were changed and 

equal levels of waste product were added. 

 

All plants in water setups with waste product were exposed to small particles that stuck on the 

roots. This created a slime (Appx. 10). Roots were carefully cleaned halfway through the 

experiment. More regularly cleaning of roots is recommended, but care must be taken to not 

damage them. Due to root development the water flow was impaired and reduced to 
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approximately 1 l/min. The flow rate could be increased to achieve an optimal flow and also 

help clear the roots of slime. This was considered, but not carried out as there was a lack of 

literature to base any flow rate change on. For future projects gently cleaning or increasing 

waterflow for a few minutes every two days could lead to less particles on roots and more 

growth. 

 

Connecting the system directly to land-based facilities and utilizing wastewater could 

minimize issues regarding temperature, particles on roots, nutrients and water flow. 

Nevertheless, the problem for fish farming industries is disposal of waste products (22). 

Efforts on taking advantage of waste products are therefore in focus in this project. 

 

For registrations midway in the experiment, plants could not be measured properly due to 

sections covered by leca. A decline in growth half-way through the experiment could be seen 

(Fig. 19, 24). Weight could not be measured, and results were therefore incomplete. When 

finishing the experiment, some roots had grown significantly and were entangled. Some roots 

broke when untangling. This mainly happened for larger plants in P1 and could lead to less 

weight and length in the results. By removing plants for measurements regularly, a more 

correct image of the development could be achieved. To do this more plants and a bigger 

system would be needed.  

 

4.2 Results 

4.2.1 Tomato Plants 

There was no statistically significant difference in start weight or height between parallels of 

tomato plants (One-Way ANOVA). This means any difference in end results must be an 

effect of different growing environments.  

 

In the mid of the experiment P1 and P5 were not statistically significantly different for aerial 

height. This must be due to the high variation of plant size within the parallel. It was, 

therefore, difficult for the ANOVA to see that the parallels were different. Still, results were 

much better in P1 than P5, but it did not show because of the high standard deviation. By 

using more plants, the standard deviation would probably be lower. Results must be seen in 

accordance with registrations of weight and visual registrations. 
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In final wet weight and dry weight there was a statistically significant difference between P1 

and all other parallels. The same is true for the results from height and visual registrations, 

where this parallel developed significantly more. Between all other parallels there were no 

statistically significant differences (height, wet and dry weight). 

 

Height of tomato plants in all parallels grew more in the second half of the experimental 

period (Fig. 19). P2, P3 and P4 had negative growth the first two weeks and several plants 

died. Reasons for these results could be that plants needed time to acclimatize to a wet 

environment. Light and temperature conditions could also be of importance (see page 41 & 

43). On the other hand, this decline could be caused by inaccuracies during the mid-

experiment measuring. 

 

Plants in hydroponic solution had the optimal growing condition regarding nutrients. Results 

show that these plants grew the most (Fig. 18, 20). They developed large root systems and the 

aerial growth was rapid. The daily growth rate (142,6%) was much higher than the expected 

5,5%. New green branches and leaves developed continually. Stout (75) stated that small 

particles of organic waste will limit roots ability to absorb nutrients and water. It was 

therefore likely that clean roots were one of the reasons why the growth rate was so high, 

compared to other plants. All plants thrived, and it was surprising to see flowers within the 

limited time of the experiment. The fact that plants in hydroponic solution grew the most was 

not surprising as the nutrient solution was specially made for growing hydroponic vegetables. 

The final total growth in weight for P1 (780g), compared to the expected growth (500g), 

proved that the system worked well for hydroponic growing. 

 

Plants grown in waste product and freshwater (P2) developed well but compared to plants in 

hydroponic solution (P1), the growth rate was much lower (11,99% daily) (Fig. 18). Still, the 

rate was surprising, as it was more than twice the expected growth (5,5%). Height and weight 

grew in accordance with one another (Fig. 18, 20). Roots were covered in particles which 

might have reduced the nutrient uptake (Fig. 16). 

 
It was expected for plants to grow in this parallel as there was no salinity that could harm the 

plants. The only difference between P1 and P2 was that one had nutrients from hydroponic 

solution and the other from waste product. This meant that the nutrient composition and 

particles on roots, made all the difference.  
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Plants in waste product and 5ppt salt (P3) did not develop much after the transplant (0,22%). 

There was a reduction in height and a small increase in weight within the first two weeks of 

the experiment. Several leaves and branches had to be removed during the experiment so 

plants would not be negatively affected by unhealthy branches, this also caused less weight. 

Roots were covered in particles here as well. Plants looked fragile and not strong enough to 

carry fruits. 

 

Contrary to the findings of Fronte, this research showed that tomato plants does not grow 

significantly at 5ppt (5g salt/l) (47). This is only 1g salt/l more than in Frontes research. The 

only difference between P2 and P3 was the salinity. There was no statistically significant 

difference in end weight between the parallels, but the average weight, height and numbers of 

branches was systematically lower for P3, which was grown in water with 5 ppt salt. All 

plants in waste product and 13ppt salt died (P4). These results tied well with previous studies 

wherein tomato plants are moderately sensitive to salinity (49) (76) (77). 

 

Soil plants (P5) developed well, with a higher average daily growth rate (12,84%) than 

expected (5,5%) (Fig. 18). Height and weight increased in accordance with one another (Fig. 

20). Plants were not affected by the irrigation in the same way as plants in P4.  

 

Salt tolerance seemed to be higher in soil than in a hydroponics system for these tomato 

plants. All hydroponic plants in the highest salinity died, while the soil plants had a good 

growth rate. These plants were irrigated with the same water treatment. A reason for this 

could be that plants in soil needed less water and therefore was less affected by salt. Another 

reason could be that the actual salt concentration around roots would be smaller as the salt 

was distributed in the soil. A possibility is that salt concentrations would rise over time and 

affect the plants as salt accumulates in the soil. The growth of soil plants was better than for 

all other parallels with waste product. This might be a result of soil plants being able to access 

extra nutrients from the soil, contradictory to hydroponic plants. On the other hand, it could 

be a result of plants not being directly in contact with nutrients like in the NFT. If there was 

too much nutrients in the NFT, soil plants were not affected as badly by this. Maybe because 

nutrients become less concentrated in the soil. Soil plants did not suffer from problems with 

slime on the roots, which was an advantage.   
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From the results it was clear that tomato plants had a higher growth in hydroponic solution 

than waste product. If one wants to grow tomato plants with waste product as nutrients, better 

results are obtained in soil or NFT without salt. Negative effects of salt accumulation over 

time, must be further researched for soil plants. 

 

All parallels of tomato plants reduced the weight with approximately the same percentage 

from wet to dry weight. It therefore seemed as plants contained approximately the same 

amount of water in different salinities (Tab. 8). This showed that plants were able to uphold a 

changed osmotic pressure, as a consequence of higher salinities. An increased water uptake 

and the ability to keep this water, might seize energy which should initially be used on 

growth.  

 

4.2.2 New Zealand Spinach 

There was no statistically significant difference in start weights between parallels of New 

Zealand spinach (Appx. 11). This meant the same as for tomato plants, that all differences in 

end result must have been an effect of different growing environments. 

 

There was a statistically significant difference in wet and dry weight between P1 and P2, P3 

and P4, but not P5. This finding was underlined by the other measures, as plant P1 and P5 

developed into higher, healthier looking plants with more branches than those in P2, P3 and 

P4. There was no statistically significant difference between all other parallels for wet and dry 

weight. 

 

Analysis of aerial height showed no statistically significant difference in start height. For mid 

and end height the differences were statistically significant. New Zealand Spinach grew more 

horizontally and therefore results of height must be seen in accordance with results in weight. 

In addition, the fact that dead plants were removed and registered as zero also contributed to 

the negative growth on results both in height and in weight measurements.  

 

Plants in the hydroponics solution (P1) grew less (115,04 g final weight) than the estimated 

growth (400g). The initial estimates should be reduced for future studies as plants in 

hydroponic solution had a very good growth (45,6% daily) but was still far from 400g (See 

page 46). Plants developed quickly in terms of both height and weight. The average growth 

rate was much higher than for other parallels. 
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Plants in fresh water and waste product (P2) had a negative growth (-2,17% daily). The result 

could be negative as several plants died and were registered as zero in the measurements. 

Looking at the plants that survived they were small, but green. Stout (75) stated that nutrient 

uptake is limited when roots are covered in particles. This could be the reason for low growth, 

the same as for tomato plants. 

 

Plants in waste product and 5ppt (P3) had a negative growth in height and weight (-1,96% 

daily), and several plants died. It was surprising that results were negative as it is a halophyte 

species. Same as for P2, registration of dead plants and particles on root had a negative effect. 

 

Plants in waste product and 13ppt (P4) had a negative growth (-2,8%) like P3. This was the 

parallel expected to bring the best results for the halophyte. Student at UFSC stated that in 

previous experiments growth has been highest at 13ppt (57). This has not been the case here, 

as the daily growth was the lowest for aerial height (-0,88 mm), final weight (1,71 g) and 

most plants died in this parallel. Differences in results between the experiments must be 

linked to other parameters then salt (lights, temperature, nutrients, size or age of plants). The 

climate in Brazil is widely different from the Norwegian one. More sunlight and higher 

temperatures could provide more robust start plants and higher growth ratios (62).  

 

Soil plants (P5) were irrigated with the same water treatment as P4. These plants had a 

positive growth rate (7,77%) and grew better than plants in P4. Results for aerial height also 

showed good growth (Fig. 25). New Zealand Spinach developed more horizontally and by 

looking at visual registrations and weight it was clear that this plant grew. Plants developed 

larger leaves than other plants in waste product. The soil plants gave the second-best result for 

growing spinach. The reasons for this could be the same as for tomato plants – with less slime 

on roots, and soil either adding missing nutrients or making irrigation less concentrated. New 

Zealand spinach naturally lives in harsh and dry environments and does not need much 

irrigation to grow (60). This way the plant might have been less exposed to excess nutrients. 

 

The only difference between growing conditions for P4 and P5 was hydroponic growing 

versus soil. This created a significant difference in growth (Tab. 22-26). Plants in soil 

developed more than twice as many leaves (Fig. 26). 
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There were big differences in percent, between the parallels in wet and dry weight. The 

changes for P2, P3 and P4 were much smaller, than for P1 and P5. Further research on the 

subject, could be carried out in future experiments, to know why these results were found.  

 

The New Zealand Spinach did not show the results expected for a halophyte in saline water. 

Reasons for this must have been the composition or amount of waste product. All hydroponic 

parallels with waste product had a negative growth rate. Either the plants suffered from an 

insufficient or an excess amount of nutrients, which both could prevent growth (67). It is 

possible that the New Zealand spinach was sensitive to other elements in the waste product, 

for example metals. Future research could give more insight on the subject. 

Nutrients were calculated to fit the high nutrient need of tomato plants. Perhaps tomato plants 

had a faster nutrient uptake than spinach, and there were not enough nutrients for the spinach 

to grow. On the other side, the spinach could be negatively affected by an excess of nutrients.  

 

Previous research showed that spinach grows well in hydroponics system (46) and in saline 

water (59). Results clearly showed that New Zealand spinach grew well in hydroponic 

systems, but not in the combination with waste product. The nutrient composition seemed to 

be wrong, or the particles prevented nutrient uptake. Closer water analysis should be made to 

find the problem. 

 

4.3 Overall results   

The simple structures of the hydroponic system worked well for the experiment. For future 

projects it will be easy to modify and scale it up to a larger size. By adding pumps to 

continuously and automatically add nutrients, the workload for the operator would be 

reduced, while the nutrient flow would be secured.  

 

The results from the One-Way ANOVA showed similar results for both species (except mid 

measurements for P5, New Zealand spinach). Plants grown in hydroponic solution grew faster 

and were healthier than plants in P2-P5 (tomato plants) and P2-P4 (New Zealand spinach). It 

was expected to achieve more growth in this parallel than the others, as it was used to show 

the “ultimate” growth of the plants. Still the results were surprising as the growth was 

remarkable, compared to the other parallels. This showed that using the right nutrients was 

crucial to obtain this kind of growth rate. Other parallels with waste product as nutrients did 

not develop in this manner, even though growth in fresh water and soil was good for tomato 
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plants. There could be several reasons for these results; wrong composition of nutrients, an 

excess or lack of nutrients. 

The waste product contained elements that could affect plants negatively. Cadmium, Mercury 

and Zinc were found in the specific waste product used (Appx. 3). These elements could harm 

the growth of the plants. The high amounts of zinc degraded the product and placed it in 

quality class 2 of the fertilizer trade regulations (Gjødselvareforskrift) (Appx. 13). This meant 

no more than two tons dried waste can be used per acres over a 10 year period and it limits its 

use as a fertilizer (22). 

Most plants in parallels with waste products grew less than expected. Exceptions being P2 

and P5 for tomato plants. From calculations on nutrients it was expected that plants would 

have sufficient nitrogen and phosphorus to grow. On the other hand, these calculations were 

made based on an expected growth. Only P1 of tomato plants grew more than this expected 

growth. As other plants grew much less, they would not be able to utilize all the nutrients, and 

the excess might limit the plants growth. Too much nutrients could lead to problems for the 

plants water uptake (67). It was difficult to state whether it was the salt or the waste product 

that created the main problem for the plants, as it was not possible to carry out necessary tests 

and analysis throughout the experiment. One therefore had to rely on available information to 

understand the results. 

 

Best results for growth with waste product as nutrients, was found in soil plants, for both 

species. These findings were in accordance with findings reported by Brod and Høst, who 

reports positive results for waste product as fertilizers in agriculture (26, 27). 

 

The fact that roots were covered in slime could have more of an impact then first expected. 

There was a clear difference in roots systems and growth between plants in hydroponic 

solution and waste product (Fig.16). Nutrient uptake for roots covered in particles was limited 

(75). This might have caused the low growth rate and dead plants. By adding a settling 

chamber (2) or a filter this problem might be avoided, as much of the particles would be 

removed from the nutrient film. The particles might have been the main problem for growth 

in this experiment. It would be interesting to see if there would be a difference in growth 

when using filtered water. 
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Previous research showed that aquaponics systems in combination with freshwater hatchery 

facilities for salmon is possible (39). Research on adding dried waste product from land-based 

systems, in hydroponic system was not found. Neither was research on aquaponics systems in 

combination with land-based facilities with increased salinity. The challenges in combining 

systems like these, was finding the right amount of nutrients for the specific plants. It was also 

a challenge to avoid particles on roots and other potentially negative materials (metals, etc.). 

By having the right equipment, this should be fairly easy to monitor and control. More 

research should to be made on why the New Zealand Spinach did not grow in a hydroponic 

system with waste product as nutrients. Are particles on roots the main problem? 

 

With the knowledge obtained from this project, there are certain things that would be changed 

if carrying out a similar project in the future. Most importantly a filtration system would be 

added and if slim appeared, roots would be cleaned regularly. Close monitoring and analysis 

of nutrients, salinity, pH and temperatures would be carried out. A large-scale experiment 

would be made with several plants. This way more accurate weight measurements could be 

carried out through the experiment. Seeds would be sown directly in rockwool.  

 

4.4 Possibilities 

A rising population (4) in combination with food (5) and water scarcity (6) show the need for 

newer ways to produce sustainable food. In this thesis hydroponics in different salinities, with 

waste product from land-based aquaculture as nutrients, has been tested to grow vegetables. 

As seen in the results, this has not shown much promise. At this point in time and based on 

this experiment, it cannot be seen as a solution to increase food production. Nevertheless, this 

can be due to mistakes made during the experiment or the fact that the quality of the waste 

product could be degraded as it was from 2017. 

 

By doing more research on the area, it should be possible to carry out a similar project where 

at least New Zealand spinach would grow in saline water. In this case, the structure of the 

system should be optimized to see if higher growth can be achieved. By being able to carry 

out more analysis on both waste product and water quality it would be easier to map out why 

the plants develop as they do. Testing several plants in future experiments, can give more 

insight in optimal species to grow in a system with waste products and higher salinities. A 

possibility is to test plants already growing under such conditions, for example macro algae. 

An idea is to test the algae Ulva in a system with higher salinities. The species is grown 
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together with shrimps in bioflocc at the UFSC. This would be an interesting possibility to 

explore. In such case, the system would need some modifications to suit algae growth.  

 

The plant growth might take longer with waste products, then in commercial nutrient 

solutions, as seen in this experiment. Nevertheless, the point of this research is to further 

utilize resources from land-based aquaculture. Saline hydroponics with waste product or 

aquaponics directly connected with land-based aquaculture has a big potential. It could lead to 

less water being needed for vegetables production. Today 70% of freshwater withdrawals 

goes to agriculture (7), by combining vegetable and fish farming, it might be possible to 

reduce these numbers. It would also mean putting less stress on the environment, which is 

already degrading (9). Today 50% of all habitable land on earth is used for agriculture (8). 

Considering how this land has decreased over the last 20 years (10), and how agriculture 

cannot be further increased in a sustainable way (11, 12), it seems like something worth 

trying. Marine aquaponics systems can be set up in areas with less freshwater resources. Up to 

15% of underdeveloped land can be used for saltwater agriculture, for example through 

systems like this (45).  

 

It is already known that aquaponics works in combination with freshwater aquaculture (39), 

so there should be a potential for a combination of marine aquaculture and halophytes. As 

seen by several researchers (40, 41), marine aquaponics systems with halophytes works.  

 

As systems like these are easy to modify and takes up less space, there are endless 

possibilities for different structures (30). Food production can take place in buildings and use 

more vertical space, instead of vast land areas. In cities vertical farms can be a solution (31). 

This experiment was carried out in a small greenhouse in a private garden and did not take up 

much space. 

 

Land based aquaculture facilities are increasing (17), and this also gives increasing 

possibilities for aquaponics systems, both fresh water and saltwater based. Advantages by 

growing aquaponically (29) in combination with the fact that aquaculture is the most 

sustainable way to produce protein (15), gives an impression that this will be one of the 

important ways of food production in the future. In addition, big amounts of both nitrogen and 

phosphorus ends up in the Norwegian sea, and probably all over the world (26). By recycling 
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and utilizing these valuable resources it is possible to create less waste and thereby a more 

sustainable production of food. 

 

Starting up a large-scale experiment which is connected to a Norwegian hatchery facility, 

would be the next step for this project. Involving people experienced in fields such as 

aquaponics, aquaculture (RAS-systems), plant biology and agriculture, the probability of 

succeeding would be much higher. This way the potential could be researched, and more 

advanced technology could be used. It would be interesting to see if this is a real possibility 

for sustainable vegetable production. The economic aspect which has not been in focus in this 

thesis, must be further research. 

 

Another option is for producers to export dry waste to developing countries. Producers could 

benefit from a small profit instead the cost of disposal (23). Hydroponic systems could utilize 

the low-cost nutrients with the advantage of warmer climate. Before this could happen, 

further experiments should be made regarding nutrient content, species, particles on roots, 

temperature, light and hydroponic germination. Calculations on the economic aspect has to be 

made to research the possible of exporting the waste product, and still profit or break even.  

  



 51 

5. Conclusion 
 
 
It is possible to build a relatively simple nutrient film technic system (NFT) to grow plants 

hydroponically. Using dried waste products at different salinities and directly in an NFT, was 

not optimal for growth. Tomato plants and New Zealand spinach did not develop as hoped in 

these exact water treatments, which could be due to compositions of the growth mediums. 

Plants can grow hydroponically in waste products, but preferably with no salt. Tomato plants 

under such conditions, grew twice as much as expected. Results demonstrate that the use of 

waste products and salt is more efficient as fertilizers in soil plants at this point in time. 

Further research and analysis must be made to ensure that the nutrients composition fits the 

specific species. Particles on roots seemed to be an issue for growth in this experiment. For 

future experiments a filtration system should be added.  

 

The focus of this thesis has been to find alternative ways of utilizing waste products for 

sustainable vegetable growth. Even though the growth rate is lower than in hydroponic 

solution, the goal is to utilize waste products that would otherwise be disposed. Recycling 

nutrients this way will contribute to a more sustainable food production. There is still a lot of 

research that needs to be done before reaching this goal. The next step would be integrating 

the system in a land-based facility with a continuous water flow. 
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7. Appendix 
 
Appendix 1 – Types of aquaponics 
 
Types of set ups of aquaponics system 

 

Media bed  

This is the mostly used for a small-scale set up, for example in a back yard. An aquaponics system set up as a 

media bed requires three main components; A fish tank, a sump, a plant growing area and a water pump. This 

method is the easiest set up for beginners as the plants growing area is filled with medium functioning as both a 

mechanical and a biological filter. The water runs from the fish tank to the plants with the help of gravity, then it 

is pumped back into the fish tank. It is possible to use a flood- and-drain technique or keep a continuous water 

flow (29). 

 

This set up can be done at a low cost and in many different ways. Also, a variety of materials can be used. The 

downside to this method is; the high weight, the high-water evaporation (if placed in the sun), the need for a 

medium and the possibility for the medium to clog. It is also less suitable in commercial production as it would 

be expensive when scaled up (29). 

 

 
Illustration of a small media bed unit (29).

Nutrient film technique (NFT)  

This method uses pipes, with holes, that are set up in a horizontal position. The water flows in one direction, 

usually with the help of gravitation. The water flowing in a thin film though the pipes is nutrient rich. The plants 

are put in net pots and placed in the holes in the pipes. This way the roots of the plant can absorb nutrient from 

the steady stream (29). 

 

The NFT method is more used in commercial production as it is cheaper to scale up, compared to the media bed 

method. In addition, the evaporation is less significant as the system is closed. If building an aquaponics system 

in urban areas, on roof tops or small spaces, the NFT method might be the most suited. This because it can be 

built vertically and take up a small amount of floor space. As well as it has a relatively low weight, compared to 

the other two methods (29). 
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The NFT system and the deep-water culture system is more advanced than the media bed as it utilizes extra 

filtration systems. Both a unit for mechanic filter (to remove solids) and a biofilter (for nitrification) needs to be 

added to the setup (29). 

 

 
Illustration of a small nutrient film technique unit (29). 

Deep water culture  

The method of deep-water culture (DWC) is often used in commercial productions. The most common way this 

is done, is efficiently growing one specific type of crops, for example lettuce. Here the plants float on top of the 

water, with the help of a floating sheet. The roots are constantly floating in the nutrient rich water underneath. 

Water is pumped to one side of the system, and with help from gravitation, it flows back to the filters and then 

the fish tank. As mentioned under the section about NFT, the DWC also requires a more advanced filtration 

system (29). 

 
Illustration of a small deep-water culture unit (29).  
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Appendix 2 – Researchers on Marine Aquaponics 
 

An example of a successful marine aquaponics system is Boxman and her team who grew red 

drum together with sea purslane and saltwort. The fish thrived in the system, with a survival 

rate of 98 percent. The sea purslane also grew at a fast rate, while the saltwort did not at first, 

but after five months the growth started improving (40). 

 

Another example is from the University of Tuscia in Italy. Here they grew salsola (in a 

floating system) and sea asparagus (on sand beds) together with European seabass. The result 

from the trail was that both plants grew similarly or better than the control group, which grew 

in a chemically fertilized hydroponics system. It was found that the plants grew fairly well 

under salinities up to a maximum of 20 ppt, at higher rates the plants decreased (41). 
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Appendix 3 – Analysis report 
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Appendix 4 – Nutrient requirements 
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Appendix 5 – Criteria for the System 
 
Criteria for the system 
To test the set hypothesizes the structure had to be built in regard to these requirements: 

• Hydroponic/aquaponic solution. 

• Can contain enough plants to get a statistical answer. 

• Can contain two different species irrigated with same parallels of water. 

• Containers suited for netpots. 

• Can fit in a greenhouse.  

• Cheap materials that are easy to get a hold of.  

• Low cost. 

• A system that does not need maintenance 24/7, but appx. 1-2 times a day during the 

trial. 

• Easy to maintain.  

• The system can run for 30 days minimum. 

• Space for plants to grow for 30 days.  

• Provides the plant with sufficient nutrients.  

• Plant roots can reach the water. 

• Water flows continuously.  

• Pumps water. 

• Water flow must be suitable for the plants. 

• Plants get enough light. 

• Water does not evaporate at a big scale. 

• Takes advantage of gravity. 

• Space for 10 plants in each pipe. 8 Pipes. 

• Both species can be in the same parallel of water. 
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Appendix 6 – Materials 
 

Materials 

For the structure: 

3 x 3m white PVC pipes Ø75mm 

4 x blue buckets 10l + lids 

4 x red buckets 10l + lids 

4 x wooden planks 40cm  

4x plastic containers for sodas 

1 x Ikea Förhöja Bench 

1 x garden hose 

1 x hole saw Ø5cm 

5 x water pump 

15 x 1m water hose 13mm 

Bubble wrapper 

1 x duct tape 

100 x plastic strips 

80 x net pots 

Leca 

Kitchen weight 

Fan oven 

 

To germinate and grow the plants: 

2 x plastic boxes 6l(?) 

1 x bag of soil 

1 x bag of sand 

1 x bag of New Zealand spinach seeds 

1 x bag of balkonzauber tomato seeds 

Cling film 

Gravel 

3 x Grow lamp 

 

Same equipment used for soil plants.  

Dried fish waste 

Salt 
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Appendix 7 – Pictures of the Building Process 
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Appendix 8 – Hydroponic Solution 
 
Næringsstoff Hydroponisk næring 

Totalt nitrogen (N) 4% (hvorav nitratnitrogen 3,6% og 
ammoniumnitrogen 0,4%.) 

Fosfor (P) Vannløselig 0,7% 
Kalium (K) Vannløselig 3% 
Kalsium (Ca) 1 % 
Magnesium (Mg) 0,30 % 
Svovel (S) 0,30 % 
Bor (B) 0,02 % 
Kobber (Cu)* 0,01 % 
Jern (Fe)* 0,05 % 
Mangan (Mn)* 0,02 % 
Molybden (Mo)* 0,00 % 
Zink (Zn)* 0,03 % 

 
Oppløsning av uorganisk gjødsel NPK 4-0. 7-3 med mikronæringsstoffer. 
Nelson Garden AS 
https://www.gartnerbutikken.no/products/hydroponisk-naring-250-
ml?gclid=EAIaIQobChMIiK_sovDn6AIVg7UYCh2MzAJjEAQYAiABEgJ4OvD_BwE  
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Appendix 9 – Calculations on Nutrients to add 
 

  

Content of N in tomato plants 50 g/kg
Total weight of 9 start plants 20 g 
Average growth per day (5.5% daily growth gives appx. the double weight in two weeks) 5,5 %
Alternative: Growth per two weeks 100 %
Number of days from start until finish 28 daysr

Days until next water change 7

Content of N in the waste product 45 g/kg
Added waste product at water change (once a week) 15 g
Added waste product (daily in addition to at water changes) 10 g

  
Waste products are added once a week at water change, in addition to once daily. The 
remaining N is removed at water change.

Total amount N utilized by plants 3,5 g
Total amount N added 15,3 g
Remaining N at the first water change (and N utilized by plants) [g] 3,4 0,5
Remaining N at the second water change (and N utilized by plants) [g] 3,2 0,7
Remaining N at the third water change (and N utilized by plants) [g] 2,9 1,0
Remaining N at the end of the experiment (and N utilized by plants) [g] 2,4 1,4
N added minus N utilized by plants 11,8 g

Calculations on waste product to add to secure sufficient nitrogen levels for the plant  

Calculations to secure sufficient levels of nitrogen (N) throught the experiment
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Appendix 10 – Documentation of state of plants 
 
 

   
    
Dato: 27/4 (kl. 17.00)   
Parallell Temp 20°C Kommentar Kommentar2 

  Vanntemp °C:  Tomat - Ser ut som de ikke takler overgangen. 
Grenene henger ned på rørene. Spinat (ikke satt ut) 

1 21,8 Henger litt med hodet.   

2 21,4 Ser ut som de ikke takler overgangen. Grenene 
henger ned på rørene.   

3 21,6 Ser ut som de ikke takler overgangen. Grenene 
henger ned på rørene.   

4 22 Ser ut som de ikke takler overgangen. Grenene 
henger ned på rørene.   

5 (Soil)   Ser fin ut.   

Tiltak:   
Se hvordan det går. Kontrollere at 
vanntemperaturen holder seg over 15°C til 
kvelden og natten. Ovn skrudd på. 

 

 

     
    
    
    
    
    
    
    
    
    
    
    
    
    
Dato: 28/4 (kl.10.00)   
Parallell Temp Kommentar Kolonne1 

  
08.00 – 18,6°C  
11.30 - 26°C  
14.00 - 23°C 

  

  Vanntemp °C: Tomat - Tomatene har generelt komt seg, og 
henger ikke så mye med hodet. 

Spinaten ble satt ut i systemet. 
Alle ser fin ut.  

1 22 Litt slapp, ellers fin   
2 23,5 Tørre blader   
3 24,9 Tørre blader   
4 25,6 Tørre blader   

5 (Soil)   Litt slapp, men ser fin ut   
Tiltak:   Se an til i morgen  
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Dato: 29/4 (kl.12.00)   
Parallell Temp Kommentar Kommentar2 

  08.00 – 16,4°C 
11.00 – 21,6°C    

  Vanntemp °C: Tomat Spinat 

1 20,3 Fine planter. Noen er litt gul på bladene. Fine 
røtter. Litt slappe planter. 

2 19,8 Plantene har komt seg etter flytting, men 2 planter 
har slappe og tørre blad. Slim/partikler på røttene. 

Litt slappe planter. Skum i 
vannet i parallellen. 

3 20 Plantene har komt seg etter flytting, men 8 planter 
har slappe og tørre blad. Slim/partikler på røttene. Litt slappe planter. 

4 21,3 
Plantene har komt seg etter flytting, men alle 
plantene har slappe og tørre blad. Slim/partikler på 
røttene. 

Litt slappe planter. Skum i 
vannet i parallellen. 

5 (Soil)   Litt slappe planter, men ellers ser de bra ut. Litt slappe planter, men ellers 
ser de bra ut. 

Tiltak Ok temperatur Klipp av tørre grener, de er død og det kan påvirke 
planten negativt om de ikke fjernes. Ingen tiltak. 
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Dato: 30/4 (kl. 09.00)    
Parallell Temp 20,6 Kommentar Kommentar2 

  Vanntemp °C Tomat Spinat 

1 19,1 
Noen planter har litt tørre blader. Kan det være 
fordi varmeovnen er nærmest disse plantene? Lite 
vann i bøtta 

Fortsatt litt slapp i bladene, men 
ser ut til å klare seg fint. Gjelder 
alle. 

2 18,4 Lite vann i bøtta   
3 17,7 Lite vann i bøtta   
4 17,7 Lite vann i bøtta   

5 (Soil)   Tørr jord   

Tiltak:   

Fyll på vann i bøttene og vann jordplanter. 
Tilsetter 10 g fiskeslam og riktig mengde salt på 
parallell 2, 3 og 4. 10 g fiskeslam skal tilsettes 
hver dag det ikke er vannskifte, fra i dag av. 

 

 

     
    
    
    
    
    
    
    
    
    
    
    
Dato: 1/5 (kl. 14.00)   
Parallell Temperatur Kommentar Kommentar2 
  18°C Ser ikke bra ut for parallell 4 tomat.   
  Vanntemp °C Tomat Spinat 

1 17,3 Ser bra ut, noen tørre blader. 1 plante hvor røttene ikke var i 
vannet. 
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2 17,3 Noen blad er litt slapp. En slapp spinat. 
3 17,9 Ser ok ut, noen slappe og tørre blader. Litt slapp. 

4 18 Ser ikke lovende ut. Veldig tørre planter. De vil 
trolig dø. Ser ok ut, litt slapp. 

5 (Soil)   Ser bra ut. Ser bra ut. 
Tiltak: Varme på Daglig næring tilsatt. Passet på at røtter når næring. 

    
 

     
    
  

 

 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
Dato: 2/5 (kl.10.00)   
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Parallell Temp Kommentar Kommentar2 

  Vanntemp °C Tomat Spinat 

1 17,2 Planter ser bra ut og vokser. Røtter er rene og 
vokser. 

Noen av plantene er litt slapp og 
noen blad er gul. Ellers ser de 
bra ut. 

2 17 Står fint, noen grener er litt slapp og noen blad litt 
flekkete, ellers ser det ut som den har det bra. 

Slappe planter. Noen av røttene 
når ikke vannet. Snudd plantene 
slik at alle når vannet. 

3 16,8 Lekkasje, nesten alt vann rent ut. Nytt vann 
blandet. Ser ok ut, noen grener er litt slapp. 

Planter litt slapp, noen gule 
blader. 

4 16,8 Veldig slapp og de fleste ligger på røret. Noen blad er litt brun. 
5 (Soil)   Fuktig jord. Planter ser bra ut. Fuktig jord. Planter ser bra ut. 

Tiltak: Daglig påfyll av 
næring.   Snudd på spinatplanter og sikret 

at alle har nok røtter i vannet. 

    
 

     
    
    
    
    
    
Dato: 3/5 (kl.10.00)   
Parallell Temp Kommentar Kommentar2 

  Vanntemp °C Tomat Spinat 

1 15,6 Trives. Ser bedre ut enn de andre 
parallellene. 

2 15,4 Ingen merkbar forandring.  Ingen forandring. Røttene er i 
vann. 

3 15,4 Ingen merkbar forandring. Noen med slappe og gule blader. 

4 15,3 Ser dårlig ut. Begynner å tape seg. Mange 
med slappe og gule blad. 

5 (Soil)   To planter er litt gul på noen blad. En plante med noen gule blad. 
Tiltak:      

    
 

     
    
    
    
    
    
    
    
    
    
    
Dato: 4/5 (kl.10.00)   
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Parallell Temp Kommentar Kommentar2 
  Vanntemp °C Tomat Spinat 

1 16,5 Trives. Ok. 
2 16,3 Ikke mye forandring. Gule blader. 

3 16 Ikke mye forandring. Ser ikke så bra ut. Mange slappe 
og gule blad. 

4 16,1 Flere døde tomatplanter. Slappe. 
5 (Soil)   Ingen endring. Ingen endring. 
Tiltak: Vannskifte. Døde tomatplanter fjernes.  

    
 

     
    
    
    
    
    
    
    
    
    
    
Dato: 5/5 (kl.10.00)   
Parallell Temp Kommentar Kommentar2 
  Vanntemp °C Tomat Spinat 

1 17 Fin vekst. Flere nye blader siden de ble satt i 
systemet. Fin grønn farge.  

Mange av plantene er fine og 
grønne. De vokser, men noen av 
de nederste av bladene er gule. 

2 16,5 

Ikke særlig mye vekst. Muligens litt. Plantene er 
mørkere enn i P1. Ser ut som de skadede bladene 
hovedsakelig er de som ble «ødelagt» etter sjokket 
av flyttingen. Kanskje planten kommer seg. 

3 av plantene ser død ut. 1 
fjernet. 5 ser ok ut. Den siste kan 
gå begge veier? 

3 16 

Noen slappe grener. Kanskje lurt å fjerne og se om 
veksten øker. Øverste grener ser bra ut og det er 
trolig vekst. Planten bruker kanskje unødvendig 
energi på å prøve å reparere ødelagte/døde grener. 

2 planter er så god som døde. 
Noen ser ut til å vokse greit. 
Mye gule blader, men plantene 
kan kanskje komme seg likevel. 

4 16 De fleste plantene ser døde ut. 5 ligger bare på 
røret, mens de 4 andre står så vidt enda. 

Noen ser veldig slapp ut, men 
ingen er inntørket og derfor blir 
de stående. Noen ser ut til å 
greie seg. 

5 (Soil)   Ingen forandring annet enn litt vekst. Ingen forandring. 

Tiltak:   5 tomatplanter fjernet P4. Klipt av døde grener for 
å se om dette kan redde noen av plantene. 1 død spinat fjernet P2. 
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Siste dag med daglige rapport over plantene.   
    
Dato: 8/5 (kl.15.00)   
Parallell Temp Kommentar Kommentar2 
  Vanntemp °C Tomat Spinat 

1 22,1 

Vannslangen til pumpen hadde hoppet av slik at 
vannet ikke strømmet gjennom rørene. 
Tomatplantene dehydrert etter noen få timer uten 
næring. Ellers vokser de veldig bra, de er dobbelt 
så stor som de andre plantene. 

Ikke like påvirket av mangel på 
næring. De vokser fint og er 
både større og grønnere enn i 
andre paralleller. 

2 22,3 Ser ut til å ha komt seg og vokser sakte.  To av plantene er antakeligvis 
død. De andre ser ut til å vokse. 

3 22,2 Vokser sakte. Har noen blader som er slapp, men 
ellers bedre enn forventet. 

Tre planter er antakeligvis død, 
resten vokser sakte. 

4 22 
De 4 tomatplantene som er igjen kommer nok til å 
dø. En av de har fortsatt litt grønne blader, så de 
får stå litt lenger. 

Mange døde blader. Men det ser 
ut til at alle plantene lever. Lite 
vekst. 

5 (Soil)   Ser grei ut. Mer vekst enn hos P 2,3 og 4. Litt gule 
blader. 

Vokser god. Grønne og fine 
blader. 

Tiltak:   Sette på igjen slange P1. Følge med på at de 
kommer seg igjen. Fjerne døde blader og grener. 

 

    
 

     
    
    
    
    
    
    
    
    
    
Dato: 13/5 (kl.10.00)   
Parallell Temp 19,3°C Kommentar Kommentar2 
  Vanntemp °C Tomat Spinat 
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1 20,5 
Plantene vokser godt. Fin grønnfarge. De 
begynner å utvikle blomsterknopper. Røttene er 
store og friske.  

Vokser godt. Et par planter er 
betydelig større enn de andre. 
Disse er veldig store og røttene 
er godt utviklet. Resten av 
plantene er litt mindre, men ser 
fine ut.  

2 21,2 
Plantene ser fin ut, men er mye mindre enn de i 
parallell 1. Røttene er full av slim, men det har 
begynt å utvikle seg mer nye røtter.  

En plante er helt tørr. Denne 
fjernes (nr.7). Nr 5 har mange 
tørre blader, men to små grønne 
i midten. Den får stå. De andre 
plantene ser ok ut, men har noen 
gule blader. Røttene er nokså 
tynne og dekt i slim.  

3 21,3 

Plantene ser litt spinkle ut da de ikke har fått 
særlig mye ny vekst etter fjerning av døde grener. 
De lever og er grønn, men ser ikke ut til å ha det 
optimalt. Mye slim på røtter. 

3 av spinatene er død. Disse 
fjernes (nr 3,7 og 8). Resten av 
plantene er små, og har noen 
gule blader. Men de lever og 
vokser sakte. Slim på røtter. 

4 23 Alle tomatplanter er døde. De siste 4 fjernes i dag.  Lite vekst, men alle er i live til 
en viss grad, så ingen fjernes. 

5 (Soil)   Ser bra ut. Ser bra ut. 

Tiltak: 

Varmeovn flyttes 
til motsatt side av 
drivhus for å se 
om mer bevegelse 
i lufta kan påvirke 
plantene. Letter på 
bobleplasten i 
bakkant. 

Fjern alle tomater P4. 7 nye tomatplanter settes i 
P4 for å se om disse oppnår noe forskjell og slik at 
røret ikke bare står tomt. Lengde på alle planter 
måles. Slim fra røtter ble fjernet etter måling. 

Fjern døde spinat P2 og P3. 
Døde blader fjernes. 

    
 

     
    
    
    
    
    
    
    
    
    
Dato: 18/5 (kl. 10.00)   
Parallell Temp 10°C Kommentar Kommentar2 
  Vanntemp °C Tomat Spinat 

1 15,4 Utrolig god vekst og fin farge. Det begynner å bli 
litt trangt for plantene.  

Veldig god vekst. Men blir 
skygget av tomatplanten. 

2 15,6 Grønne og fine planter, men vokser sent.  
Alle plantene har noen gule 
blader. Plante nr. 5 er 
antakeligvis død. 

3 15,9 Alle lever, men de ser fortsatt litt stusselig ut. 
Vokser sent. 

Vokser veldig sakte. Noen gule 
blad. 

4 16,1 
De nye tomatene ser ut til å greie seg fint. Ingen 
tegn til sjokk etter flytting. Kanskje fordi disse var 
hydroponisk fra før? 

4/9 av planterne er fortsatt i 
livet. De andre nærmer seg død. 
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Venter noen dager til for å være 
sikker, før de fjernes.  

5 (Soil)   To av plantene er store og fine. De to andre er 
vesentlig mindre. Noen gule og tørre blad.  

Vokser fint. Bedre enn p2-4, 
men mindre enn p1. 

Tiltak:  
 Strømmen hadde gått, derfor var temperaturen i 
drivhuset lavere enn ønsket. Ny strømkabel lagt. 
Vannbytte på alle paralleller. 

  

    
 

     
    
    
    
    
    
    
    
    
    
    
Dato: 22/5 (kl.10.00)   
Parallell Temp 20°C Kommentar Kommentar2 

  Vanntemp °C Tomat Spinat 

1 19,3 Blomstring på flere av plantene.  Fortsetter med god vekst. 

2 19,1 Ikke særlig utvikling, bare sakte vekst. 
Ingen endring. Plante nr. 5 er 
nok død, men kan stå til 
eksperimentet er ferdig. 

3 19,2 Ikke særlig forandring. Ikke særlig forandring. 

4 19,1 De nye plantene som er satt inn er nesten død.  
4 døde planter fjernes. En annen 
plante er antakeligvis død, men 
får stå litt til. 

5 (Soil)   Ikke særlig forandring. Ikke særlig forandring. 

Tiltak: Åpne vinduer og 
dører.    
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Appendix 11 – ANOVA Results Weight 
 
One Way Anova for parallels of tomato plants 

Descriptives 

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence 
Interval for Mean 

Minimu
m 

 

Lower 
Bound 

Upper 
Bound 

 

Start_wei
ght 

1.00 9 2.6667 1.00000 .33333 1.8980 3.4353 2.00  

2.00 9 2.3889 .99303 .33101 1.6256 3.1522 .50  

3.00 9 2.8333 1.06066 .35355 2.0180 3.6486 .50  

4.00 9 2.0556 .72648 .24216 1.4971 2.6140 .50  

5.00 4 2.4000 .00000 .00000 2.4000 2.4000 2.40  

Total 40 2.4775 .90963 .14383 2.1866 2.7684 .50  

End_weig
ht 

1.00 9 88.833
3 

56.27155 18.7571
8 

45.5792 132.0875 13.80  

2.00 9 10.411
1 

1.58307 .52769 9.1943 11.6280 8.00  

3.00 9 3.0111 .93467 .31156 2.2927 3.7296 1.50  

4.00 9 .0000 .00000 .00000 .0000 .0000 .00  

5.00 4 21.725
0 

10.36255 5.18128 5.2359 38.2141 9.90  

Total 40 25.180
0 

43.64397 6.90072 11.2220 39.1380 .00  

Dry_weig
ht 

1.00 9 10.230
1 

6.87414 2.29138 4.9462 15.5140 1.56  

2.00 9 1.1097 .15418 .05139 .9912 1.2283 .83  

3.00 9 .3650 .10167 .03389 .2868 .4431 .20  

4.00 9 .0000 .00000 .00000 .0000 .0000 .00  

5.00 4 2.3850 1.06385 .53192 .6922 4.0778 1.04  

Total 40 2.8721 5.13578 .81204 1.2296 4.5146 .00  

 
ANOVA 

 
Sum of 
Squares df Mean Square F Sig. 

Start_weight Between Groups 3.159 4 .790 .949 .447 
Within Groups 29.111 35 .832   

Total 32.270 39    

End_weight Between Groups 48605.979 4 12151.495 16.561 .000 
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Within Groups 25681.085 35 733.745   

Total 74287.064 39    

Dry_weight Between Groups 646.976 4 161.744 14.831 .000 
Within Groups 381.698 35 10.906   

Total 1028.674 39    

 

 
 
Post Hoc Tests 

Multiple Comparisons 
Tukey HSD   

Dependent 
Variable 

(I) 
Parallel 

(J) 
Parallel 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

Start_weight 1.00 2.00 .27778 .42992 .966 -.9583 1.5138 
3.00 -.16667 .42992 .995 -1.4027 1.0694 
4.00 .61111 .42992 .618 -.6249 1.8472 
5.00 .26667 .54804 .988 -1.3090 1.8423 

2.00 1.00 -.27778 .42992 .966 -1.5138 .9583 
3.00 -.44444 .42992 .838 -1.6805 .7916 
4.00 .33333 .42992 .936 -.9027 1.5694 
5.00 -.01111 .54804 1.000 -1.5868 1.5645 

3.00 1.00 .16667 .42992 .995 -1.0694 1.4027 
2.00 .44444 .42992 .838 -.7916 1.6805 
4.00 .77778 .42992 .385 -.4583 2.0138 
5.00 .43333 .54804 .932 -1.1423 2.0090 

4.00 1.00 -.61111 .42992 .618 -1.8472 .6249 
2.00 -.33333 .42992 .936 -1.5694 .9027 
3.00 -.77778 .42992 .385 -2.0138 .4583 
5.00 -.34444 .54804 .969 -1.9201 1.2312 

5.00 1.00 -.26667 .54804 .988 -1.8423 1.3090 
2.00 .01111 .54804 1.000 -1.5645 1.5868 
3.00 -.43333 .54804 .932 -2.0090 1.1423 
4.00 .34444 .54804 .969 -1.2312 1.9201 

End_weight 1.00 2.00 78.42222* 12.76928 .000 41.7098 115.1347 
3.00 85.82222* 12.76928 .000 49.1098 122.5347 
4.00 88.83333* 12.76928 .000 52.1209 125.5458 
5.00 67.10833* 16.27770 .002 20.3090 113.9077 

2.00 1.00 -78.42222* 12.76928 .000 -115.1347 -41.7098 
3.00 7.40000 12.76928 .977 -29.3125 44.1125 
4.00 10.41111 12.76928 .924 -26.3013 47.1236 
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5.00 -11.31389 16.27770 .956 -58.1133 35.4855 
3.00 1.00 -85.82222* 12.76928 .000 -122.5347 -49.1098 

2.00 -7.40000 12.76928 .977 -44.1125 29.3125 
4.00 3.01111 12.76928 .999 -33.7013 39.7236 
5.00 -18.71389 16.27770 .779 -65.5133 28.0855 

4.00 1.00 -88.83333* 12.76928 .000 -125.5458 -52.1209 
2.00 -10.41111 12.76928 .924 -47.1236 26.3013 
3.00 -3.01111 12.76928 .999 -39.7236 33.7013 
5.00 -21.72500 16.27770 .672 -68.5244 25.0744 

5.00 1.00 -67.10833* 16.27770 .002 -113.9077 -20.3090 
2.00 11.31389 16.27770 .956 -35.4855 58.1133 
3.00 18.71389 16.27770 .779 -28.0855 65.5133 
4.00 21.72500 16.27770 .672 -25.0744 68.5244 

Dry_weight 1.00 2.00 9.12036* 1.55675 .000 4.6446 13.5961 
3.00 9.86513* 1.55675 .000 5.3894 14.3409 

4.00 10.23010* 1.55675 .000 5.7543 14.7059 
5.00 7.84510* 1.98448 .003 2.1396 13.5506 

2.00 1.00 -9.12036* 1.55675 .000 -13.5961 -4.6446 

3.00 .74478 1.55675 .989 -3.7310 5.2205 

4.00 1.10974 1.55675 .952 -3.3660 5.5855 

5.00 -1.27526 1.98448 .967 -6.9808 4.4302 
3.00 1.00 -9.86513* 1.55675 .000 -14.3409 -5.3894 

2.00 -.74478 1.55675 .989 -5.2205 3.7310 

4.00 .36497 1.55675 .999 -4.1108 4.8407 
5.00 -2.02003 1.98448 .845 -7.7255 3.6855 

4.00 1.00 -10.23010* 1.55675 .000 -14.7059 -5.7543 

2.00 -1.10974 1.55675 .952 -5.5855 3.3660 

3.00 -.36497 1.55675 .999 -4.8407 4.1108 

5.00 -2.38500 1.98448 .750 -8.0905 3.3205 

5.00 1.00 -7.84510* 1.98448 .003 -13.5506 -2.1396 

2.00 1.27526 1.98448 .967 -4.4302 6.9808 
3.00 2.02003 1.98448 .845 -3.6855 7.7255 
4.00 2.38500 1.98448 .750 -3.3205 8.0905 

 
*. The mean difference is significant at the 0.05 level. 
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One Way Anova for parallels of New Zealand Spinach 
Descriptives 

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence 
Interval for Mean 

Minimu
m 

 

Lower 
Bound 

Upper 
Bound 

 

Start_wei
ght 

1.00 9 1.0000 .00000 .00000 1.0000 1.0000 1.00  

2.00 9 1.2200 .00000 .00000 1.2200 1.2200 1.22  

3.00 9 1.1100 .00000 .00000 1.1100 1.1100 1.11  

4.00 9 1.1100 .00000 .00000 1.1100 1.1100 1.11  

5.00 4 1.1100 .00000 .00000 1.1100 1.1100 1.11  

Tota
l 

40 1.1100 .07473 .01182 1.0861 1.1339 1.00  

End_wei
ght 

1.00 9 13.766
7 

15.25287 5.0842
9 

2.0423 25.4911 3.10  

2.00 9 .4778 .48677 .16226 .1036 .8519 .00  

3.00 9 .5000 .49244 .16415 .1215 .8785 .00  

4.00 9 .2333 .37081 .12360 -.0517 .5184 .00  

5.00 4 3.5250 1.02429 .51214 1.8951 5.1549 2.40  

Tota
l 

40 3.7225 8.87981 1.4040
2 

.8826 6.5624 .00  

Dry_weig
ht 

1.00 9 .9842 .98690 .32897 .2256 1.7428 .33  

2.00 9 .0962 .08455 .02818 .0312 .1612 .00  

3.00 9 .0858 .07310 .02437 .0296 .1420 .00  

4.00 9 .1545 .35936 .11979 -.1217 .4307 .00  

5.00 4 .3529 .07844 .03922 .2281 .4777 .27  

Tota
l 

40 .3324 .60135 .09508 .1401 .5248 .00  

 
ANOVA 

 
Sum of 
Squares df Mean Square F Sig. 

Start_weight Between Groups .218 4 .054 . . 

Within Groups .000 35 .000   

Total .218 39    

End_weight Between Groups 1205.907 4 301.477 5.645 .001 

Within Groups 1869.283 35 53.408   

Total 3075.190 39    

Dry_weight Between Groups 5.160 4 1.290 5.048 .003 
Within Groups 8.943 35 .256   

Total 14.103 39    
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Post Hoc Tests 

Multiple Comparisons 
Tukey HSD   

Dependent 
Variable 

(I) 
Parallel 

(J) 
Parallel 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

End_weight 1.00 2.00 13.28889* 3.44506 .004 3.3841 23.1937 
3.00 13.26667* 3.44506 .004 3.3619 23.1714 

4.00 13.53333* 3.44506 .003 3.6286 23.4381 
5.00 10.24167 4.39161 .159 -2.3845 22.8678 

2.00 1.00 -13.28889* 3.44506 .004 -23.1937 -3.3841 

3.00 -.02222 3.44506 1.000 -9.9270 9.8825 
4.00 .24444 3.44506 1.000 -9.6603 10.1492 

5.00 -3.04722 4.39161 .956 -15.6734 9.5789 
3.00 1.00 -13.26667* 3.44506 .004 -23.1714 -3.3619 

2.00 .02222 3.44506 1.000 -9.8825 9.9270 
4.00 .26667 3.44506 1.000 -9.6381 10.1714 

5.00 -3.02500 4.39161 .958 -15.6511 9.6011 

4.00 1.00 -13.53333* 3.44506 .003 -23.4381 -3.6286 
2.00 -.24444 3.44506 1.000 -10.1492 9.6603 

3.00 -.26667 3.44506 1.000 -10.1714 9.6381 

5.00 -3.29167 4.39161 .943 -15.9178 9.3345 
5.00 1.00 -10.24167 4.39161 .159 -22.8678 2.3845 

2.00 3.04722 4.39161 .956 -9.5789 15.6734 
3.00 3.02500 4.39161 .958 -9.6011 15.6511 
4.00 3.29167 4.39161 .943 -9.3345 15.9178 

Dry_weight 1.00 2.00 .88803* .23829 .006 .2029 1.5731 
3.00 .89842* .23829 .005 .2133 1.5835 

4.00 .82971* .23829 .011 .1446 1.5148 
5.00 .63127 .30376 .252 -.2421 1.5046 

2.00 1.00 -.88803* .23829 .006 -1.5731 -.2029 

3.00 .01039 .23829 1.000 -.6747 .6955 
4.00 -.05832 .23829 .999 -.7434 .6268 

5.00 -.25676 .30376 .914 -1.1301 .6166 

3.00 1.00 -.89842* .23829 .005 -1.5835 -.2133 
2.00 -.01039 .23829 1.000 -.6955 .6747 

4.00 -.06871 .23829 .998 -.7538 .6164 

5.00 -.26715 .30376 .903 -1.1405 .6062 
4.00 1.00 -.82971* .23829 .011 -1.5148 -.1446 

2.00 .05832 .23829 .999 -.6268 .7434 
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3.00 .06871 .23829 .998 -.6164 .7538 

5.00 -.19844 .30376 .965 -1.0718 .6749 
5.00 1.00 -.63127 .30376 .252 -1.5046 .2421 

2.00 .25676 .30376 .914 -.6166 1.1301 
3.00 .26715 .30376 .903 -.6062 1.1405 
4.00 .19844 .30376 .965 -.6749 1.0718 

 
*. The mean difference is significant at the 0.05 level. 
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Appendix 12 – ANOVA Results Height 
 
 
Tomato plants  
Oneway 

 
Descriptives 

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean 

  

Lower 
Bound 

Upper 
Bound 

  

Height_aerial_s
tart 

1.00 9 106.666
7 

8.66025 2.88675 100.0098 113.3235   

2.00 9 188.888
9 

44.28443 14.7614
8 

154.8489 222.9289   

3.00 9 221.111
1 

31.40241 10.4674
7 

196.9731 245.2491   

4.00 9 106.111
1 

9.27961 3.09320 98.9782 113.2440   

5.00 4 95.0000 10.00000 5.00000 79.0878 110.9122   

Total 40 149.625
0 

57.87240 9.15043 131.1165 168.1335   

Height_aerial_
mid 

1.00 9 201.666
7 

26.69270 8.89757 181.1488 222.1845   

2.00 9 78.3333 16.95582 5.65194 65.2999 91.3667   

3.00 9 82.7778 13.94433 4.64811 72.0592 93.4963   

4.00 9 .0000 .00000 .00000 .0000 .0000   

5.00 4 112.500
0 

11.90238 5.95119 93.5607 131.4393   

Total 40 92.8750 71.34143 11.2800
7 

70.0589 115.6911   

Height_aerial_e
nd 

1.00 9 334.444
4 

61.25992 20.4199
7 

287.3559 381.5330   

2.00 9 132.222
2 

11.75561 3.91854 123.1861 141.2584   

3.00 9 106.666
7 

20.00000 6.66667 91.2933 122.0400   

4.00 9 .0000 .00000 .00000 .0000 .0000   

5.00 4 188.500
0 

32.64455 16.3222
8 

136.5552 240.4448   
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Total 40 147.850
0 

121.07331 19.1433
7 

109.1289 186.5711   

 
ANOVA 

 
Sum of 
Squares df Mean Square F Sig. 

Height_aerial_start Between Groups 105452.708 4 26363.177 36.664 .000 
Within Groups 25166.667 35 719.048   

Total 130619.375 39    

Height_aerial_mid Between Groups 188513.819 4 47128.455 165.271 .000 
Within Groups 9980.556 35 285.159   

Total 198494.375 39    

Height_aerial_end Between Groups 534166.322 4 133541.581 124.557 .000 
Within Groups 37524.778 35 1072.137   

Total 571691.100 39    
 
Post Hoc Tests 

Multiple Comparisons 
Tukey HSD   

Dependent 
Variable 

(I) 
Parallel 

(J) 
Parallel 

Mean 
Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

Height_aerial_sta
rt 

1.00 2.00 -82.22222* 12.64074 .000 -118.5651 -45.8793 

3.00 -114.44444* 12.64074 .000 -150.7873 -78.1015 

4.00 .55556 12.64074 1.000 -35.7873 36.8985 

5.00 11.66667 16.11385 .949 -34.6616 57.9950 

2.00 1.00 82.22222* 12.64074 .000 45.8793 118.5651 

3.00 -32.22222 12.64074 .103 -68.5651 4.1207 

4.00 82.77778* 12.64074 .000 46.4349 119.1207 

5.00 93.88889* 16.11385 .000 47.5606 140.2172 

3.00 1.00 114.44444* 12.64074 .000 78.1015 150.7873 

2.00 32.22222 12.64074 .103 -4.1207 68.5651 

4.00 115.00000* 12.64074 .000 78.6571 151.3429 

5.00 126.11111* 16.11385 .000 79.7828 172.4394 

4.00 1.00 -.55556 12.64074 1.000 -36.8985 35.7873 

2.00 -82.77778* 12.64074 .000 -119.1207 -46.4349 

3.00 -115.00000* 12.64074 .000 -151.3429 -78.6571 

5.00 11.11111 16.11385 .957 -35.2172 57.4394 

5.00 1.00 -11.66667 16.11385 .949 -57.9950 34.6616 

2.00 -93.88889* 16.11385 .000 -140.2172 -47.5606 

3.00 -126.11111* 16.11385 .000 -172.4394 -79.7828 
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4.00 -11.11111 16.11385 .957 -57.4394 35.2172 

Height_aerial_mi
d 

1.00 2.00 123.33333* 7.96044 .000 100.4466 146.2201 

3.00 118.88889* 7.96044 .000 96.0021 141.7756 

4.00 201.66667* 7.96044 .000 178.7799 224.5534 

5.00 89.16667* 10.14761 .000 59.9917 118.3417 

2.00 1.00 -123.33333* 7.96044 .000 -146.2201 -100.4466 

3.00 -4.44444 7.96044 .980 -27.3312 18.4423 

4.00 78.33333* 7.96044 .000 55.4466 101.2201 

5.00 -34.16667* 10.14761 .015 -63.3417 -4.9917 

3.00 1.00 -118.88889* 7.96044 .000 -141.7756 -96.0021 

2.00 4.44444 7.96044 .980 -18.4423 27.3312 

4.00 82.77778* 7.96044 .000 59.8910 105.6645 

5.00 -29.72222* 10.14761 .044 -58.8972 -.5472 

4.00 1.00 -201.66667* 7.96044 .000 -224.5534 -178.7799 

2.00 -78.33333* 7.96044 .000 -101.2201 -55.4466 

3.00 -82.77778* 7.96044 .000 -105.6645 -59.8910 

5.00 -112.50000* 10.14761 .000 -141.6750 -83.3250 

5.00 1.00 -89.16667* 10.14761 .000 -118.3417 -59.9917 

2.00 34.16667* 10.14761 .015 4.9917 63.3417 

3.00 29.72222* 10.14761 .044 .5472 58.8972 

4.00 112.50000* 10.14761 .000 83.3250 141.6750 

Height_aerial_en
d 

1.00 2.00 202.22222* 15.43543 .000 157.8444 246.6000 

3.00 227.77778* 15.43543 .000 183.4000 272.1556 

4.00 334.44444* 15.43543 .000 290.0666 378.8222 

5.00 145.94444* 19.67639 .000 89.3736 202.5153 

2.00 1.00 -202.22222* 15.43543 .000 -246.6000 -157.8444 

3.00 25.55556 15.43543 .473 -18.8222 69.9334 

4.00 132.22222* 15.43543 .000 87.8444 176.6000 

5.00 -56.27778 19.67639 .052 -112.8486 .2930 

3.00 1.00 -227.77778* 15.43543 .000 -272.1556 -183.4000 

2.00 -25.55556 15.43543 .473 -69.9334 18.8222 

4.00 106.66667* 15.43543 .000 62.2889 151.0445 

5.00 -81.83333* 19.67639 .002 -138.4041 -25.2625 

4.00 1.00 -334.44444* 15.43543 .000 -378.8222 -290.0666 

2.00 -132.22222* 15.43543 .000 -176.6000 -87.8444 

3.00 -106.66667* 15.43543 .000 -151.0445 -62.2889 

5.00 -188.50000* 19.67639 .000 -245.0708 -131.9292 

5.00 1.00 -145.94444* 19.67639 .000 -202.5153 -89.3736 

2.00 56.27778 19.67639 .052 -.2930 112.8486 
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3.00 81.83333* 19.67639 .002 25.2625 138.4041 

4.00 188.50000* 19.67639 .000 131.9292 245.0708 
 
*. The mean difference is significant at the 0.05 level. 

 
 
New Zealand Spinach 
 
Oneway 

Descriptives 

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence 
Interval for Mean 

  

Lower 
Bound 

Upper 
Bound 

  

Height_aerial
_start 

1.00 9 44.4444 12.85604 4.28535 34.5624 54.3265   

2.00 9 45.5556 10.13794 3.37931 37.7628 53.3483   

3.00 9 42.7778 14.38556 4.79519 31.7201 53.8355   

4.00 9 48.3333 13.22876 4.40959 38.1648 58.5019   

5.00 4 36.0000 8.60233 4.30116 22.3118 49.6882   

Tota
l 

40 44.3500 12.27787 1.94130 40.4233 48.2767   

Height_aerial
_mid 

1.00 9 28.3333 7.07107 2.35702 22.8980 33.7686   

2.00 9 15.5556 11.02396 3.67465 7.0818 24.0293   

3.00 9 15.0000 10.60660 3.53553 6.8470 23.1530   

4.00 9 12.2222 4.40959 1.46986 8.8327 15.6117   

5.00 4 22.5000 5.00000 2.50000 14.5439 30.4561   

Tota
l 

40 18.2500 10.09887 1.59677 15.0202 21.4798   

Height_aerial
_end 

1.00 9 108.333
3 

45.89390 15.2979
7 

73.0562 143.6105   

2.00 9 26.1111 21.03238 7.01079 9.9442 42.2780   

3.00 9 18.8889 15.16117 5.05372 7.2350 30.5428   

4.00 9 10.5556 13.09686 4.36562 .4884 20.6227   

5.00 4 45.0000 8.16497 4.08248 32.0077 57.9923   

Tota
l 

40 41.3750 45.12074 7.13422 26.9447 55.8053   

 
ANOVA 

 
Sum of 
Squares df 

Mean 
Square F Sig. 

Height_aerial_st
art 

Between 
Groups 

457.100 4 114.275 .738 .573 

Within Groups 5422.000 35 154.914   
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Total 5879.100 39    

Height_aerial_m
id 

Between 
Groups 

1474.722 4 368.681 5.156 .002 

Within Groups 2502.778 35 71.508   

Total 3977.500 39    

Height_aerial_e
nd 

Between 
Groups 

55599.375 4 13899.844 20.441 .000 

Within Groups 23800.000 35 680.000   

Total 79399.375 39    
 
Post Hoc Tests 

Multiple Comparisons 
Tukey HSD   

Dependent 
Variable 

(I) 
Parallel 

(J) 
Parallel 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

Height_aerial_sta
rt 

1.00 2.00 -1.11111 5.86732 1.000 -17.9800 15.7578 
3.00 1.66667 5.86732 .999 -15.2022 18.5356 
4.00 -3.88889 5.86732 .963 -20.7578 12.9800 
5.00 8.44444 7.47939 .790 -13.0593 29.9481 

2.00 1.00 1.11111 5.86732 1.000 -15.7578 17.9800 
3.00 2.77778 5.86732 .989 -14.0911 19.6467 
4.00 -2.77778 5.86732 .989 -19.6467 14.0911 
5.00 9.55556 7.47939 .706 -11.9481 31.0593 

3.00 1.00 -1.66667 5.86732 .999 -18.5356 15.2022 
2.00 -2.77778 5.86732 .989 -19.6467 14.0911 
4.00 -5.55556 5.86732 .876 -22.4244 11.3133 
5.00 6.77778 7.47939 .893 -14.7259 28.2815 

4.00 1.00 3.88889 5.86732 .963 -12.9800 20.7578 
2.00 2.77778 5.86732 .989 -14.0911 19.6467 
3.00 5.55556 5.86732 .876 -11.3133 22.4244 
5.00 12.33333 7.47939 .478 -9.1704 33.8370 

5.00 1.00 -8.44444 7.47939 .790 -29.9481 13.0593 
2.00 -9.55556 7.47939 .706 -31.0593 11.9481 
3.00 -6.77778 7.47939 .893 -28.2815 14.7259 
4.00 -12.33333 7.47939 .478 -33.8370 9.1704 

Height_aerial_mi
d 

1.00 2.00 12.77778* 3.98631 .023 1.3169 24.2387 
3.00 13.33333* 3.98631 .016 1.8725 24.7942 

4.00 16.11111* 3.98631 .002 4.6502 27.5720 

5.00 5.83333 5.08157 .780 -8.7765 20.4431 
2.00 1.00 -12.77778* 3.98631 .023 -24.2387 -1.3169 
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3.00 .55556 3.98631 1.000 -10.9053 12.0164 

4.00 3.33333 3.98631 .917 -8.1275 14.7942 

5.00 -6.94444 5.08157 .652 -21.5543 7.6654 

3.00 1.00 -13.33333* 3.98631 .016 -24.7942 -1.8725 

2.00 -.55556 3.98631 1.000 -12.0164 10.9053 

4.00 2.77778 3.98631 .956 -8.6831 14.2387 

5.00 -7.50000 5.08157 .584 -22.1098 7.1098 

4.00 1.00 -16.11111* 3.98631 .002 -27.5720 -4.6502 

2.00 -3.33333 3.98631 .917 -14.7942 8.1275 
3.00 -2.77778 3.98631 .956 -14.2387 8.6831 

5.00 -10.27778 5.08157 .277 -24.8876 4.3320 

5.00 1.00 -5.83333 5.08157 .780 -20.4431 8.7765 

2.00 6.94444 5.08157 .652 -7.6654 21.5543 

3.00 7.50000 5.08157 .584 -7.1098 22.1098 

4.00 10.27778 5.08157 .277 -4.3320 24.8876 

Height_aerial_en
d 

1.00 2.00 82.22222* 12.29273 .000 46.8799 117.5646 
3.00 89.44444* 12.29273 .000 54.1021 124.7868 

4.00 97.77778* 12.29273 .000 62.4354 133.1201 

5.00 63.33333* 15.67021 .002 18.2805 108.3861 
2.00 1.00 -82.22222* 12.29273 .000 -117.5646 -46.8799 

3.00 7.22222 12.29273 .976 -28.1201 42.5646 

4.00 15.55556 12.29273 .714 -19.7868 50.8979 

5.00 -18.88889 15.67021 .748 -63.9417 26.1639 

3.00 1.00 -89.44444* 12.29273 .000 -124.7868 -54.1021 

2.00 -7.22222 12.29273 .976 -42.5646 28.1201 

4.00 8.33333 12.29273 .960 -27.0090 43.6757 

5.00 -26.11111 15.67021 .467 -71.1639 18.9417 

4.00 1.00 -97.77778* 12.29273 .000 -133.1201 -62.4354 

2.00 -15.55556 12.29273 .714 -50.8979 19.7868 

3.00 -8.33333 12.29273 .960 -43.6757 27.0090 
5.00 -34.44444 15.67021 .204 -79.4973 10.6084 

5.00 1.00 -63.33333* 15.67021 .002 -108.3861 -18.2805 

2.00 18.88889 15.67021 .748 -26.1639 63.9417 

3.00 26.11111 15.67021 .467 -18.9417 71.1639 

4.00 34.44444 15.67021 .204 -10.6084 79.4973 
 
*. The mean difference is significant at the 0.05 level. 
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Appendix 13 - Quality Classes for Fertilizers 
 

Quality classes of fertilizers 
 

Heavy metals 
Dried fish waste used in 

experiment* 

Quality classes 
(Gjødselvareforskrift**) 

 

O I II III  

Cd 0,6 ±20% 0,4 0,8 2 5  

Pb 0,5 ±20% 40 60 80 200  

Hg 0,068 ±20% 0,2 0,6 3 5  

Ni 1 ±20% 20 30 50 80  

Zn 410 ±20% 150 400 800 1500  

Cu 14 ±20% 50 150 650 1000  

Cr 2,9 ±20% 50 60 100 150  

As     5 8 16 32  

All numbers in mg/kg dry matter              

*Fish waste analyzed by Eurofins      
 

**Gjødselvareforskriften FOR-2003-07-04-951      
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Appendix 14 – Raw data (Excel) 
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ry w

eight, end [g]
0,1426

0,0538
0,0911

0
0

0,1029
0

0
0

0,39
0,04

0,06
D

aily grow
th rate total

0,00
-0,03

-0,03
-0,04

-0,04
-0,02

-0,04
-0,04

-0,04
-0,28

-0,03
0,01

C
hange in w

eight [g]
0,9574

0,1462
0,2089

0
0

0,3971
0

0
0

1,71
0,19

0,32
C

hange in %
 

87,04
73,10

69,63
0,00

0,00
79,42

0,00
0,00

0,00
309,19

-78,98
41,01

W
et w

eight, start [g]
1,11

1,11
1,11

1,11
4,44

1,11
0,00

W
et w

eight, end [g]
3,1

4,8
3,8

2,4
14,10

3,53
1,02

D
ry w

eight, end [g]
0,3768

0,2659
0,3219

0,4492
1,41

0,35
0,08

D
aily grow

th rate total
0,07

0,13
0,10

0,05
0,35

0,09
0,04

C
hange in w

eight [g]
2,7232

4,5341
3,4781

1,9508
12,69

3,17
1,10

C
hange in %

 
87,85

94,46
91,53

81,28
355,12

217,57
5,68

New Zealand Spinach
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´Balkonzauber' Tomato Plant
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Plant num
ber 1

2
3

4
5

6
7

8
9

T
otal

A
verage

Standard deviation
H

eight total, start [m
m

]
190

200
220

200
280

240
310

210
200

2050
227,8

41,5
H

eight aerial, start [m
m

]
120

105
105

115
100

90
110

105
110

960
106,7

8,7
H

eight roots, start [m
m

] 
70

95
115

85
180

180
200

105
90

1120
124,4

48,6
H

eight total, end [m
m

]
720

655
530

585
540

505
360

540
465

4900
544,4

104,2
H

eight aerial, end [m
m

]
370

375
360

425
320

285
210

340
325

3010
334,4

61,3
H

eight roots, end [m
m

]
350

280
170

160
220

220
150

200
140

1890
210,0

68,4
C

hange in %
, aerial height

208,3
257,1

242,9
269,6

220,0
216,7

90,9
223,8

195,5
1925

213,9
51,8

C
hange in %

, total height 
278,9

227,5
140,9

192,5
92,9

110,4
16,1

157,1
132,5

1349
149,9

77,2
D

aily grow
th rate aerial

8,9
9,6

9,1
11,1

7,9
7,0

3,6
8,4

7,7
73

8,1
2,1

D
aily grow

th rate total
18,9

16,3
11,1

13,8
9,3

9,5
1,8

11,8
9,5

102
11,3

4,9
H

eight total, start [m
m

]
100

170
190

220
200

160
210

260
190

1700
188,9

44,3
H

eight aerial, start [m
m

]
70

100
110

100
95

90
105

110
90

870
96,7

12,5
H

eight roots, start [m
m

] 
30

70
80

120
105

70
105

150
100

830
92,2

34,5
H

eight total, end [m
m

]
190

245
210

200
220

215
230

240
215

1965
218,3

17,9
H

eight aerial, end [m
m

]
110

150
140

125
140

140
130

130
125

1190
132,2

11,8
H

eight roots, end [m
m

]
80

95
70

75
80

75
100

110
90

775
86,1

13,4
C

hange in %
, aerial height

57,1
50,0

27,3
25,0

47,4
55,6

23,8
18,2

38,9
343

38,1
14,9

C
hange in %

, total height 
90,0

44,1
10,5

-9,1
10,0

34,4
9,5

-7,7
13,2

195
21,7

30,9
D

aily grow
th rate aerial

1,4
1,8

1,1
0,9

1,6
1,8

0,9
0,7

1,3
11

1,3
0,4

D
aily grow

th rate total
3,2

2,7
0,7

-0,7
0,7

2,0
0,7

-0,7
0,9

9
1,1

1,4
H

eight total, start [m
m

]
190

180
240

280
210

250
220

200
220

1990
221,1

31,4
H

eight aerial, start [m
m

]
110

100
120

120
105

100
130

125
120

1030
114,4

11,0
H

eight roots, start [m
m

] 
80

80
120

169
105

150
90

75
100

969
107,7

32,9
H

eight total, end [m
m

]
185

170
220

240
250

180
190

220
195

1850
205,6

28,0
H

eight aerial, end [m
m

]
95

85
110

150
100

95
90

120
115

960
106,7

20,0
H

eight roots, end [m
m

]
90

85
110

90
150

85
100

100
80

890
98,9

21,3
C

hange in %
, aerial height

-13,6
-15,0

-8,3
25,0

-4,8
-5,0

-30,8
-4,0

-4,2
-61

-6,7
14,7

C
hange in %

, total height 
-2,6

-5,6
-8,3

-14,3
19,0

-28,0
-13,6

10,0
-11,4

-55
-6,1

13,9
D

aily grow
th rate aerial

-0,5
-0,5

-0,4
1,1

-0,2
-0,2

-1,4
-0,2

-0,2
-3

-0,3
0,6

D
aily grow

th rate total
-0,2

-0,4
-0,7

-1,4
1,4

-2,5
-1,1

0,7
-0,9

-5
-0,6

1,2
H

eight total, start [m
m

]
230

230
300

280
280

205
260

210
200

2195
243,9

37,1
H

eight aerial, start [m
m

]
110

95
120

120
110

100
100

100
100

955
106,1

9,3
H

eight roots, start [m
m

] 
120

135
180

160
170

105
160

110
100

1240
137,8

30,4
H

eight total, end [m
m

]
0

0
0

0
0

0
0

0
0

0
0,0

0,0
H

eight aerial, end [m
m

]
0

0
0

0
0

0
0

0
0

0
0,0

0,0
H

eight roots, end [m
m

]
0

0
0

0
0

0
0

0
0

0
0,0

0,0
C

hange in %
, aerial height

-100
-100

-100
-100

-100
-100

-100
-100

-100
-900

-100,0
0,0

C
hange in %

, total height 
-100

-100
-100

-100
-100

-100
-100

-100
-100

-900
-100,0

0,0
D

aily grow
th rate aerial

-3,93
-3,39

-4,29
-4,29

-3,93
-3,57

-3,57
-3,57

-3,57
-34

-3,8
0,3

D
aily grow

th rate total
-8,2

-8,2
-10,7

-10,0
-10,0

-7,3
-9,3

-7,5
-7,1

-78
-8,7

1,3
H

eight total, start [m
m

]
220,4

220,4
220,4

220,4
*

882
220,4

0,0
H

eight aerial, start [m
m

]
90

90
90

110
380

95,0
10,0

H
eight roots, start [m

m
] 

H
eight total, end [m

m
]

285
424

405
370

1484
371,0

61,5
H

eight aerial, end [m
m

]
145

224
195

190
754

188,5
32,6

H
eight roots, end [m

m
]

140
200

210
180

730
182,5

31,0
C

hange in %
, aerial height

61,1
148,9

116,7
72,7

399
99,8

40,5
C

hange in %
, total height 

29,3
92,4

83,7
67,9

273
68,3

27,9
D

aily grow
th rate aerial

2,0
4,8

3,8
2,9

13
3,3

1,2
D

aily grow
th rate total

2,3
7,3

6,6
5,3

22
5,4

2,2

H
eight m

easurem
ents
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H
eight total, start [m

m
]

105
120

110
105

110
135

120
110

110
1025

113,9
9,6

H
eight aerial, start [m

m
]

60
40

25
45

30
65

50
40

45
400

44,4
12,9

H
eight roots, start [m

m
] 

45
80

85
60

80
70

70
70

65
625

69,4
12,1

H
eight total, end [m

m
]

260
400

290
295

330
560

420
195

160
2910

323,3
122,7

H
eight aerial, end [m

m
]

80
110

70
100

145
200

140
65

65
975

108,3
45,9

H
eight roots, end [m

m
]

180
290

220
195

185
360

280
130

95
1935

215,0
83,0

C
hange in %

, aerial height
33,3

175,0
180,0

122,2
383,3

207,7
180,0

62,5
44,4

1389
154,3

107,9
C

hange in %
, total height 

147,6
233,3

163,6
181,0

200,0
314,8

250,0
77,3

45,5
1613

179,2
83,9

D
aily grow

th rate aerial
0,7

2,5
1,6

2,0
4,1

4,8
3,2

0,9
0,7

21
2,3

1,5
D

aily grow
th rate total

5,5
10,0

6,4
6,8

7,9
15,2

10,7
3,0

1,8
67

7,5
4,1

H
eight total, start [m

m
]

100
110

130
135

110
110

150
90

115
1050

116,7
18,5

H
eight aerial, start [m

m
]

45
30

50
55

55
40

50
30

55
410

45,6
10,1

H
eight roots, start [m

m
] 

55
80

80
80

55
70

100
60

60
640

71,1
15,2

H
eight total, end [m

m
]

110
115

x
145

x
120

x
100

125
715

119,2
15,3

H
eight aerial, end [m

m
]

35
45

55
40

30
30

235
39,2

9,7
H

eight roots, end [m
m

]
75

70
90

80
70

95
480

80,0
10,5

C
hange in %

, aerial height
-22,2

50,0
-100,0

0,0
-100,0

0,0
-100,0

0,0
-45,5

-318
-35,3

54,6
C

hange in %
, total height 

10,0
4,5

7,4
9,1

11,1
8,7

51
8,5

2,3
D

aily grow
th rate aerial

-0,4
0,5

-1,8
0,0

-2,0
0,0

-1,8
0,0

-0,9
-6

-0,7
0,9

D
aily grow

th rate total
0,4

0,2
0,4

0,4
0,4

0,4
2

0,3
0,1

H
eight total, start [m

m
]

120
130

110
110

130
150

150
110

110
1120

124,4
16,7

H
eight aerial, start [m

m
]

65
65

30
35

40
40

25
50

35
385

42,8
14,4

H
eight roots, start [m

m
] 

55
65

80
75

90
110

125
60

75
735

81,7
23,2

H
eight total, end [m

m
]

145
140

x
100

120
130

x
x

110
745

124,2
17,4

H
eight aerial, end [m

m
]

35
30

20
30

35
20

170
28,3

6,8
H

eight roots, end [m
m

]
110

110
80

90
95

90
575

95,8
12,0

C
hange in %

, aerial height
-46,2

-53,8
-100,0

-42,9
-25,0

-12,5
-100,0

-100,0
-42,9

-523
-58,1

33,7
C

hange in %
, total height 

20,8
7,7

-9,1
-7,7

-13,3
0,0

-2
-0,3

12,7
D

aily grow
th rate aerial

-1,1
-1,3

-1,1
-0,5

-0,4
-0,2

-0,9
-1,8

-0,5
-8

-0,9
0,5

D
aily grow

th rate total
0,9

0,4
-0,4

-0,4
-0,7

0,0
0

0,0
0,6

H
eight total, start [m

m
]

140
105

110
120

150
130

140
135

125
1155

128,3
14,8

H
eight aerial, start [m

m
]

70
30

35
40

65
55

45
45

50
435

48,3
13,2

H
eight roots, start [m

m
] 

70
75

75
80

85
75

95
90

75
720

80,0
8,3

H
eight total, end [m

m
]

135
85

115
x

x
125

x
x

x
460

115,0
21,6

H
eight aerial, end [m

m
]

25
15

25
30

95
23,8

6,3
H

eight roots, end [m
m

]
110

70
90

95
365

91,3
16,5

C
hange in %

, aerial height
-64,3

-50,0
-28,6

-100,0
-100,0

-45,5
-100,0

-100,0
-100,0

-688
-76,5

29,3
C

hange in %
, total height 

-3,6
-19,0

4,5
-3,8

-22
-5,5

9,8
D

aily grow
th rate aerial

-1,6
-0,5

-0,4
-0,9

-3
-0,8

0,6
D

aily grow
th rate total

-0,2
-0,7

0,2
-0,2

-1
-0,4

0,4
H

eight total, start [m
m

]
120,8

120,8
120,8

120,8
*

483
120,8

0,0
H

eight aerial, start [m
m

]
40

45
25

34
144

36,0
8,6

H
eight roots, start [m

m
] 

H
eight total, end [m

m
]

100
115

100
85

400
100,0

12,2
H

eight aerial, end [m
m

]
45

45
55

35
180

45,0
8,2

H
eight roots, end [m

m
]

55
70

45
50

220
55,0

10,8
C

hange in %
, aerial height

12,5
0,0

120,0
2,9

135
33,9

57,7
C

hange in %
, total height 

-17,2
-4,8

-17,2
-29,7

-69
-17,2

10,1
D

aily grow
th rate aerial

0,18
0,00

1,07
0,04

1
0,3

0,5
D

aily grow
th rate total

-0,7
-0,2

-0,7
-1,3

-3
-0,7

0,4
** P5 (soil plants) start w

eight is the average of other parallels start w
eight, as start w

eights w
ere m

issing for soil plants.

H
eight m
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1
2

3
4

5
6

7
8

9
B

ranches:
15

11
10

14
10

10
6

11
13

L
eaves:

C
olor:

S
tate of plant:

B
ranches:

7
6

7
6

6
7

6
7

6
L

eaves:
C

olor:
S

tate of plant:
A

lgeagrow
th on 

roots. 

B
ranches:

3
4

3
4

5
4

4
4

4
L

eaves:
C

olor:
S

tate of plant:
A

lgeagrow
th on 

roots. 

B
ranches:

x
x

x
x

x
x

x
x

x
L

eaves:
C

olor:
S

tate of plant:
B

ranches:
8

8
8

8
L

eaves:
C

olor:
S

tate of plant:

B
ranches:

4
4

1
3

4
10

7
1

3
L

eaves:
21

21
10

11
23

66
35

10
15

C
olor:

S
tate of plant:

A
lgeagrow

th on 
roots. 

B
ranches:

1
1

x
1

x
1

x
1

1
L

eaves:
3

4
5

5
6

5
C

olor:
S

tate of plant:
B

ranches:
1

1
x

1
1

1
x

1
1

L
eaves:

5
4

3
4

4
3

2
C

olor:
S

tate of plant:
B

ranches:
1

1
1

x
x

1
x

x
x

L
eaves:

4
2

3
2

C
olor:

S
tate of plant:

B
ranches:

1
2

1
1

L
eaves:

8
9

7
6

C
olor:

S
tate of plant:

 

4
P

lants in this parallel are in general light green.
P

lants are rather sm
all and several are drooping.

5
G

reen and light green in edges.
V

ery good. P
lants are grow

ing w
ell and looks very healthy.

A
ll plants light green and w

ith som
e yellow

 leaves.
P

lants in this parallel are sm
all in general.

3
A

ll plants green and light green. P
lant nr.8 had a m

ore brow
n color.

P
lants in this parallel are in general sm

all. S
alt can be observed on leaves. T

w
o plants are dead and nr. 8 seem

s to be dying.

5
F

resh green.
G

ood looking plants. S
om

e dead leafes on low
est branches, but new

er leaves look healthy.

New Zealand Spinach

1
F

resh green.
A

ll plants look very good. T
hey are m

uch bigger than in other parallels. P
lant nr. 6 has grow

n extrem
ly w

ell and has a huge root system
. T

here is a big 
difference in grow

th betw
een the plants in this parallel.

2

P
lants in this parallel grew

 w
ell and lots of new

 roots started developing. T
hese w

ere still too short to reach the film
, but if they w

ere left for a w
eek or 

tw
o m

ore, grow
th m

ight increase rapidly. F
low

erbuds developed. S
om

e dry leaves and m
iscolored leaves.  

3
A

ll plants are green and yellow
.

M
ost plants has som

e dry or dead leaves. B
ut new

er leaves are greener and seem
 okay.

4

A
ll plants dead. T

ried to plant new
 plants, but they also started drooping and seem

ed to be dying.

D
ate: 26.05.2020

V
isual check of plants

´Balkonzauber' Tomato Plants

1
F

resh green.
T

he plants in this parallel thrived. H
uge plants w

ith extrem
e root developm

ent. F
resh green color and alm

ost no discolored or dried leaves. P
lants developed flow

erbuds, 
and som

e started flow
ering. P

lant 7 did not grow
 as w

ell as others. A
 sm

all plant, som
e dry and discolored leaves at low

er branches.

2
A

ll plants are green and a bit yellow
. O

lder leaves have som
e discoloring. 
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